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Preface 

The Mount Edziza Volcanic Complex is one of several volcanic terranes in the Cordilleran region 
which are located along linear belts related to the modem tectonic environment. The complex is the prod
uct of episodic eruptions which began in the Late Miocene and continued into Recent time, producing 
a host of overlapping volcanic shields, central volcanoes, and small calderas. It was selected for detailed 
study because of its longevity, diverse lithology and exceptional exposures of both volcanic and subvol
canic units provided by deeply incised valleys. Precise mapping and detailed stratigraphy are combined 
with petrographic and chemical data, geochronology, and geomorphology to document the history of 
the complex from the petrogenesis of its diverse magmas to the rapidly changing landscape resulting 
from the interaction of successive volcanoes with glaciers and rivers. 

The complex is a bimodal assemblage of alkaline, shield-forming basalts and a lesser volume of 
mostly peralkaline oversaturated rocks which form domes and composite central volcanoes . The suite 
is analogous to that associated with continental rift zones and thus has important implications with respect 
to the neotectonic setting of the northern Cordillera and the genesis of peralkaline magma . The history 
and nature of recent activity provide criteria for assessing the probability and impact of future eruptions 
and the potential for an associated geothermal resource. 

The dramatic examples of both ancient and modern volcanic structures and landforms exposed in 
the Mount Edziza Volcanic Complex have lead to its designation as a Provincial Park. In response to 
this use as a natural history resource the author has augmented the scientific documentation, contained 
in the main report, with an extensive summary designed to help nontechnical readers and park visitors 
appreciate the complex history of volcanic and glacial events which shaped the present landscape. 

Preface 

Elkanah A. Babcock 
Assistant Deputy Minister 
Geological Survey of Canada 

Le complexe volcanique de Mount Edziza est un de plusieurs terrains volcaniques de la region de 
la CordilJere qui sont situes Ie long de zones lineaires associees a l'environnement tectonique contempo
rain. Le complexe est Ie produit d'eruptions episodiques qui ont debute a la fin du Miocene et se sont 
poursuivies durant la peri ode holocene, produisant une serie de boucliers volcaniques chevauchants, de 
volcans centraux et de petites caldeiras . II a ete choisi pour faire l'objet d'une etude detaillee a cause 
de sa longevite , de sa lithologie variee et de I 'exposition exceptionnelle d 'unites volcaniques et sous
volcaniques decouvertes dans les vallees profondement encaissees. Un travail de cartographie precis et 
une etude stratigraphique detaillee, combines aux donnees petrographiques, chimiques, geochronologi
ques et morphologiques disponibles , revelent I'histoire du complexe depuis la petrogenese de ces divers 
magmas jusqu 'au paysage actuel dont I' evolution rap ide est Ie produit de I' interaction des volcans succes
sifs avec des glaciers et des cours d'eau. 

Le complexe est une association bimodale de basaltes alcalins formant boucliers et d'un volume 
moindre de roches sursaturees, en grande partie hyperalcalines, qui forment des domes et des strato
volcans centraux. L'ensemble est analogue it celui qui est associe aux zones d' effondrement continen
tales et a done des repercussions importantes au niveau du cadre neotectonique du nord de la Cordill ere 
et sur la genese du magma hyperalcalin. L'histoire et la nature de l'activite recente du complexe fournis
sent des criteres d'evaluation de !a probabilite et de l'incidence des eruptions futures ainsi que de !a 
possibilite d'utiliser Ie complexe comme ressource geothermique. 

Les exemples exceptionnels de structure et de relief volcaniques tant anciens que contemporains que 
revele Ie complexe volcanique du Mount Edziza ont contribue a sa designation comme parc provincial. 
En raison donc de !'elevation du complexe a l'etat de ressource d'un grand interet dans Ie domaine de 
I 'histoire naturelle , I 'auteur a ajoute a la documentation scientifique contenue dans Ie rapport principal , 
un long resume dont I'objet est d'aider les lecteurs et les visiteurs des parcs ne possedant pas de connais
sances techniques a apprecier 1 'histoire comp\exe des episodes volcaniques et glaciaires qui ont modele 
Ie paysage actuel. 

Elkanah A. Babcock 
Sous-ministre adjoint 
Commission geologique du Canada 
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View looking northeast across the Kitsu and Big Raven plateaus at the central, ice-covered dome of 
Mount Edziza. Flat-lying flows of the Late Tertiary Raspberry, Armadillo and Nido formations are 
exposed along Mess Creek Escarpment (foreground). Low, conical hills around the lower edge of the 
ice-cap are Quaternary pyroclastic cones of the Big Raven Formation. 



THE LATE CENOZOIC MOUNT EDZIZA 
VOLCANIC COMPLEX, BRITISH COLUMBIA 

Abstract 

The Mount Edziza Volcanic Complex lies about 100 km inland from the continental margin in north
central British Columbia. It includes a group of overlapping basaltic shields, felsic composite volcanoes, 
domes and small calderas which range in age from at least 7. 5 Ma to less than 2000 B. P. During this 
long period of intermittent volcanic activity the ebb and flow of local and regional glaciations resulted 
in a complex assemblage of subaerial and subglacial volcanic landforms. 

The volcanic assemblage is chemically bimodal, comprising voluminous alkali olivine basalt and 
hawaiite, a felsiC suite of mainly peralkaline trachyte and comendite, and a relatively small volume of 
intermediate rocks (trachybasalt, tristanite, mugearite , benmoreite). The complex is the product of five 
cyeles of magmatic activity, each of which began with alkali basalt and culminated with the eruption 
of felsic magma. Petrogenetic modelling suggests that the f elsic rocks formed by fractionation of observed 
phenocryst and cumulate mineral phases from a common alkali olivine basalt parent magma. 

The chemical diversity and longevity of the Mount Edziza Volcanic Complex are attributed to its 
location over a zone of crustal extension where mantle-derived basalt, trapped in large high-level reser
voirs, has undergone prolonged fractionation. 1ncipient rifting associated with the volcanic activity is 
probably related to dextral transcurrent movement between North America and the Pacific Plate, a tec
tonic regime that has persisted throughout the life of the complex. 

Resume 

Le complexe volcanique de Mount Edziza est situe a 100 km environ vers l'intirieur, a partir de 
la marge continentale dans Ie centre nord de La Colombie-Britannique. Il comprend un groupe de bou
eliers basaltiques chevauchants, de strato-volcallSfelsiques, de domes et de petites caldeiras dont ['age 
varie d 'au moins 7,5 Ma a il y a moins de 2000 ans. Pendant cette longue periode d'activite volcanique 
intermittente, Ie flux et Ie reflux des glaciations locales et regionales ont produit un ensemble complexe 
de topographies volcaniques de nature subaerienne et sous-glaciaire. 

L 'ensemble volcanique est chimiquement bimodal, comprenant une grande masse d 'hawaiites et de 
basaltes alcalins a olivine, une seriefelsique de commandites et de trachytes principalement hyperalcali
nes et un volume relativement petit de roches intermediaires (trachybasalte, tristanite, mugearite, benmo
reite). Le complexe est Ie produit de cinq cycles d'activite magmatique, chacun ayant debute avec du 
basalte alcalin et culmine avec l'eruption de magma felsique. La modelisation perrogenetique semble 
indiquer que les roches felsiques se sont formees par cristallisation fractionnee des phases minerales 
observees a phenocristaux et cumulats, derivees d'un meme magma original de basalte alcalin a olivine. 

La diversite chimique et la longevite du complexe volcanique de Mount Edziza s 'expliquent par son 
emplacement sur une zone d'extension crustale dans laquelle Ie basalte provenant du manteau, piege 
dans de grands reservoirs proches de la surface, a subi une cristallisation fractionnee prolongee. Un 
fosse d'effondrement naissant , associe a l'activite volcanique, est probablement lie au mouvement de 
decrochement dextre survenu entre les plaques nord-americaines et pacifiques, lequel regime tectonique 
a persiste pendant toUle la vie du complexe. 



MOUNT EDZIZA 

SUMMARY 

In presenting the results of this study an attempt has 
been made to treat the geology of the Mount Edziza Vol
canic Complex from an historical perspective, to describe 
not only the rocks as we see them today but also to recre
ate the physical setting into which they were erupted. An 
effort has also been made to clearly distinguish between 
data , based on field and laboratory observations , and in
terpretation, based on modern analogues . 

Rocks predating the Mount Edziza Volcanic Com
plex are referred to collectively as basement. The com
plex itself is subdivided into 13 formations, each the 
product of a distinct stage of volcanic activity. The upper 
and lower surfaces of each formation have been contoured 
to produce a series of paleogeological maps depicting the 
changing landforms that resulted from construction and 
erosion of the myriad volcanoes whose remnants com
prise the present complex . This summary presents an in
terpretation of the geological history and the physical 
setting of the period during which each formation was 
deposited. The summary and paleogeological maps con
tain the essence of this work and the casual reader may 
not wish to go farther . 

Details of the stratigraphy, structural relationships, 
petrography and chemistry are documented for each for
mation in the main body of the text. The final chapters 
(Geochronology , Petrochemistry, Petrogenesis) treat spe
cial aspects of the study in the broader context of the Mount 
Edziza Volcanic Complex as a whole, and its relationship 
to other Cordilleran volcanoes. 

Tectonic setting and basement geology. The Mount 
Edziza Volcanic Complex is underlain by Late Paleozoic 
and Mesozoic sedimentary and volcanic rocks, including 
oceanic tholeiites and calc-alkaline arc assemblages , which 
were accreted to the continental margin during the Late 
Mesozoic. These older rocks are cut by numerous 
Mesozoic and Early Tertiary plutons which range in com
position from quartz monzonite to diorite and which were 
emplaced both before and after amalgamation of the ac
creted terranes . 

The youngest rocks exposed beneath the Mount Ed
ziza Volcanic Complex are calc-alkaline volcanics and 
related subvolcanic plutons of the Early Tertiary Sloko 
Group. These subaerial, intermontane rocks were tilted , 
cut by normal faults, and deeply eroded before the first 
flows of the Mount Edziza Volcanic Complex were erupted 
in the Late Miocene. The resulting mature, gently rolling 
Tertiary erosion surface forms the present unconformity 
at the base of the Mount Edziza pile. 
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SOMMAIRE 

Dans la presentation des resultats de la presente etude, on 
a tente de traiter la geologie du complexe volcanique de Mount 
Edziza d'un point de vue historique, afin de decrire non seule
men! les roches telles qu'on les voit aujourd'hui, mais aussi de 
recreer Ie cadre physique dans lequel elles ont fait eruption. 
On a aussi tente d'etablir une distinction nette entre les don
nees , basees sur des observations faites sur Ie terrain et en labo
ratoire, et les interpretations, basees sur des situations 
analogues de nature contemporaine. 

Les roches anterieures au complexe volcanique de Mount 
Edziza sont qualifiees collectivement de socle. Le complexe 
lui-meme est subdivise en 13 formations chacune etant Ie pro
duit d 'un etape distincte de I 'activite volcanique. Les surfaces 
superieures et inferieures de chaque formation ont ete delimi
tees de fac;on a produire une serie de cartes paleogeologiques 
decrivant les topographies changeantes qui ont resulte de la 
construction et de I'erosion de la myriade de vol cans dont les 
vestiges representent Ie complexe actuel. Le present sommaire 
constitue une interpretation de I 'histoire geologique et du cadre 
physique de la periode correspondant a la mise en place de cha
que formation. Le sommairc et les cartes paleogeologiques 
representent I 'essentiel de ce travail, et il se peut que Ie lecteur 
moyen s'en satisfasse. 

La stratigraphie, les relations structurales, la petrographie 
et la chimie de chaque formation sont approfondies dans Ie 
corps du texte . Les derniers chapitres (geochronologie, petro
chimie, petrogenese) traitent d ' aspects particuliers de I'etude 
dans Ie contexte plus general de l'ensemble du complexe volca
nique de Mount Edziza et de ses liens avec d 'autres volcans 
de la CordiHere. 

Cadre tectonique et geologique du socle. Le complexe vol
canique de Mount Edziza repose sur des roches sedimentaires 
et volcaniques du Paleozo'ique superieur et du MeSOZOique, y 
compris des tholeiites oceaniques et des ensembles d'arcs 
calco-alcalins, dont la mise en place s'est produite sur la marge 
continentale pendant Ie MeSOZOique superieur. Ces roches plus 
anciennes sont recoupees par de nombreux plutons du Meso
zoique et du Tertiaire inferieur dont la composition varie de 
monzonites quartziferes a des diorites; la mise en place de ces 
plutons a eu lieu avant et apres I'amalgamation des terranes 
formes par accretion. 

Les roches les plus recentes, exposees sous Ie complexe 
volcanique de Mount Edziza, sont des roches volcaniques 
calco-alcalines et des plutons subvolcaniques connexes du 
groupe de Sloko du Tertiaire inferieur. Ces roches intermonta
gnardes de nature subaerienne ont ete inclinees, recoupees par 
des failles normales et fortement erodees avant I' eruption des 
premieres coulees du complexe volcanique de Mount Edziza 
a la fin du Miocene. II en est resuite une surface d'erosion ter
tiaire evoluee et faiblement ondulee qui constitue la discor
dance actuelle presente a la base de I'amas de Mount Edziza. 



The Mount Edziza Volcanic Complex is part of the 
Stikine Volcanic Belt, a broad arcuate belt of Miocene 
and younger volcanoes which runs roughly parallel to the 
continental margin through northwestern British Colum
bia and southern Yukon. Vents within the belt are con
centrated in a series of north-trending en echelon segments 
which bear no obvious structural relationship to the base
ment geology. Eruptive centres of the Mount Edziza Vol
canic Complex define the southern segment of the Stikine 
Volcanic Belt which lies about 100 km inland from the 
present northwesterly trending transcurrent boundary 
between the North American and Pacific plates. This same 
tectonic regime is believed to have persisted during the 
entire history of the volcanic complex. A close associa
tion between the volcanoes and north-trending Cenozoic 
normal faults suggests an extensional tectonic environ
ment, possibly due to incipient rifting of the adjacent con
tinental margin in response to dextral movement on the 
northwesterly trending transcurrent boundary between 
Norlh America and the Pacific Plate . 

Raspberry Formation. Evolution of the Mount Edziza 
Volcanic Complex began about eleven miHion years ago 
with eruption of the Raspberry basalt. The first flows is
sued from an unidentified vent, or cluster of vents in the 
Central Highlands of the late Miocene landscape, near 
what is now Raspberry Pass. Showers of tephra, thrown 
out in the initial burst of activity blanketed the surround
ing surface and choked the rivers and streams with ash 
and cinders. Shortly thereafter streams of fluid basaltic 
lava coursed down vaHeys from the Central Highlands 
and spread out into thick, fan-shaped lobes on the adja
cent lowlands. As the lava advanced it buried gravel bars, 
soil and colluvium along with the charred remains of the 
Miocene forest. The duration of this first stage is not known 
but there is no evidence of any prolonged break in activ
ity during Raspberry time. Instead , successive flows ap
pear to have followed one another in rapid succession until 
more than 83 km3 of lava had spilled out onto the sur
face. Near their source the flows piled up to a deplh of 
more than 300 m whereas the distal, amoeba-like lobes 
that welled into depressions on the periphery of the pile 
were only a few metres thick. By the end of Raspberry 
time at least 775 km 2 of the late Miocene surface had 
been flooded by lava, transforming it from a mature up
land of rolling hills and broad, forested valleys to a sprawl
ing, treeless wasteland of black, drifting ash and clinkery 
lava fields . On the western edge of the Highlands the sym
metrical summit of Raspberry volcano rose to an eleva
tion of nearly 7000 ft (2 100 m) while clusters of lesser 
cones dotted the surface of broad lava domes to the north 
and south (Fig. 20). The original drainage was disrupted. 
Lakes, ponded behind lava dams, spilled out across the 
newly formed surface and rivers , displaced by lava, be
gan to etch out new valleys along the margins of the en
croaching pile of basalt. The fragile cinder cones and ash 

SUMMARY/SOMMAIRE 

Le complexe volcanique de Mount Edziza fait partie de la 
zone volcanique de Stikine , large zone arquee de volcans mio
cenes et plus recents qui traverse, plus ou moins parallelement 
a la marge continentale, Ie nord-ouest de la Colombie
Britannique et Ie sud du Yukon. Les cheminees volcaniques au 
sein de cette zone sont concentrees dans une serie de segments 
en echelon orientes vers Ie nord qui ne presentent aucune affi
nite structurale evidente avec la geologie du socle. Les centres 
eruptifs du complexe volcanique de Mount Edziza definissent 
Ie segment sud de la zone volcanique de Stikine qui se situe 
it environ 100 km a I' interieur des terres par rapport a la limite 
actuelle de decrochement de direction nord-ouest separant les 
plaques nord-americaine et pacifique. Ce meme regime tecto
nique aurait persiste pendant toute I'histoire du complexe vol
canique. Une association etroite entre les volcans et les failles 
normales de direction nord et d'age cenozo'ique semble indi
quer I 'existence d 'un milieu tectonique d 'extension, qui serait 
peut-etre dO a un debut d'effondrement de la marge continen
tale adjacente en reponse a un mouvement dextre survenu a la 
limite de decrochement de direction nord-ouest qui separe 
l' Amerique du nord de la plaque du Pacifique. 

Formation de Raspberry. L'evolution du complexe volcani
que de Mount Edziza a debute il y a environ onze millions 
d 'annees, avec I'eruption des laves basaltiques de Raspberry. 
Les premieres coulees provenaient d'un cratere ou d'un groupe 
de erateres non identifies dans les hautes-terres centrales pre
sentes a J'epoque du Miocene superieur, pres du col actuel de 
Raspberry. D'abondantes quantites de tephra, projetees durant 
la phase initiale d'aetivite, ont recouvert la surface environ
nante et engorge les fleuves et rivieres de cendres et de scories. 
Peu apres, des flots de lave basallique fluide ont suivi Ie cours 
des vallees des haules-terres centrales et se sont etales en for
mant d' epais lobes en forme d' eventail dans les basses-terres 
adjacentes. A mesure que progressaient les laves , elles onl 
enseveli les bancs de graviers, Ie sol et les colluvions en meme 
temps que les restes carbonises de la foret miocene. On ne con
nait pas la duree de cette premiere phase, mais il ne semble 
pas qu'il y ait eu d'interruption prolongee de I'activile volcani
que durant I' intervalle de temps correspondant a la formation 
de Raspberry. Au contraire, il semble qu' il y ait eu une succes
sion rapide de coulees, qui ont recouvert la surface de plus de 
83 km3 de laves. Pres de leur source , les coulees ont forme 
une accumulation de laves de plus de 300 m d'epaisseur tandis 
que les lobes distaux amibo"ides qui ont occupe les depressions 
a la peripherie de I 'accumulation volcanique, n 'avaient que 
quelques metres d'epaisseur. Vers la fin de I'intervalle de 
Raspberry, la surface existant au Miocene superieur avait ete 
submergee sur au moins 775 km2 par des laves; ces dernieres 
ont transforme ces hautes-terres matures composees de collines 
onduleuses et de grandes vallees boisees en un immense desert 
totalement depourvu d ' arbres, et couvert de cendres noires 
mouvantes et de champs de laves scoriacees. Sur Ie bord ouest 
des hautes-terres, s'elevait Ie sommet symetrique du volcan 
Raspberry jusqu'a presque 7000 pi (2100 m), tandis que des 
groupes de cones de moindre hauteur parsemaient la surface 
de vastes domes de lave au nord et au sud (fig. 20). Le reseau 
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MOUNT EDZIZA 

fields of the source area were rapidly eroded away and 
the main edifice of Raspberry volcano itself was deeply 
dissected before the next stage of volcanic activity began. 
But the thick piles of basalt flows that flooded the valleys 
and lowlands remained to become the foundation on which 
much of the present edifice of Mount Edziza and the Spec
trum Range were subsequently built. 

Little Iskut Formation. During the waning stages of 
Raspberry activity a large lake was ponded in upper Lit
tle Iskut Valley, behind a Java dam formed by flows from 
South craters (Fig. 30) . By the time the last Raspberry 
eruption had died, the lake had already reached its maxi
mum size and its level had begun to fall as the outlet stream 
deepened its channel around the eastern edge of the lava 
barrier. At about this time a new surge of volcanic activ
ity began and , by a strange coincidence, it began beneath 
the waters of Raspberry lake . Thus, as the rising column 
of magma forced its way toward the surface it opened frac
tures that were immediately flooded with water. At first 
this may have done no more than cause the formation of 
hot springs and fumeroles on the lake bottom, but as in
creasing volumes of water came into contact with hot or 
molten rock it ultimately flashed to steam and produced 
violent phreatic explosions. Water above the developing 
vent was churned into a seething mixture of suspended 
debris settling against a turbulent current of rising steam 
and gas bubbles . The larger explosions produced tower
ing black spires of water that rose high above the surface 
and fell back, carrying with them suspended ash and granu
lar particles torn from the quenched outer surface of the 
rising magma column. This suspended material gradual
ly settled over much of the lake floor, forming a layer 
of ash and fine breccia that forms the lowermost beds of 
the Little Iskut shield volcano. 

The Little Iskut lava is mainly trachybasalt which 
differs from the Raspberry alkali olivine basalt both chem
ically, having more silica and alkalis, and also in its phys
ical properties, due partly to its lower content of dissolved 
volatiles. Thus the first Little Iskut lava that issued onto 
the floor of Raspberry lake (Fig. 35) did not form the typi
cal assemblage of pillows, tuff-breccia and quenched lava 
toes that are characteristic of the Raspberry and other, 
more basic, subaqueous flows. Instead the lava was 
quenched and fractured without being torn apart by the 
expansion of dissolved gases. Once water was expelled 
from the conduit system, phreatic explosions became less 
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hydrographique originel a ete perturbe. Sur la surface nouvel 
lement formee, sont apparus des lacs retenus derriere des bar
rages naturels de lave, et les cours d'eau, detournes par les 
laves, ont commence a creuser de nouvelles vallees Ie long des 
marges de l'accumulation de basaltes . Les fragiles cones de 
scories et etendues de cendres de la region source ont ete rapi
dement erodes, et Ie volcan Raspberry a ete lui-meme profon
dement disseque, avant Ie commencement de la phase suivante 
d'activite volcanique. Mais les epaisses accumulations de cou
lees basaltiques qui ont recouvert les val lees et les basses-terres 
ont subsiste, et constituent Ie fondement de la structure actuelle 
du mont Edziza et du chainon Spectrum, qui se sont formes par 
la suite. 

Formation de little Iskut. Durant les dernieres phases d 'acti
vite du volcan Raspberry, un vaste lac s 'est forme dans la vallee 
superieure de la riviere Little Iskut , derriere un barrage naturel 
de lave forme par les coulees des crate res South (fig. 30). Au 
moment ou la derniere eruption du volcan Raspberry venait de 
se terminer, Ie lac avait deja atteint ses dimensions maximales, 
et son niveau avait commence a tomber, a mesure que Ie cours 
d 'eau lui servant de canal de dechar~e approfondissait son lit 
sur Ie bord est de la barriere de lave. A peu pres a cette epoque, 
a debute une nouvelle phase d'activite volcanique, qui par une 
co"incidence etrange, a commence a se manifester au-dessous 
des eaux du lac Raspberry . Ainsi, en me me temps que la 
colonne ascendante de magma se frayait un chemin vers la sur
face, elle ouvrait des fissures qui se remplissaient immediate
ment d'eau. Tout d 'abord, ce phenomene peut n'avoir eu 
comme effet que la formation de sources chaudes et de fume
rolles au fond du lac , mais les quantites de plus en plus grandes 
d'eau venant en contact avec la roche bnllante ou en fusion se 
sont transformees tout d'un coup en vapeur et ont fini par pro
duire de violentes explosions phreatiques. L'eau se trouvant 
au-dessus du cratere en formation a ete transformee par agita
tion en un melange bouillonnant de debris en suspension, que 
rencontrait un courant ascendant et turbulent de vapeurs et bul
les de gaz. Les plus fortes explosions ont produit d'immenses 
colonnes noires d'eau qui se sont elevees bien au-dessus de la 
surface et sont retombees en entrainant des cendres en suspen
sion et des particules granulaires arrachees a la surface exte
rieure, brusquement refroidie, de la colonne ascendante de 
magma . Ces produits en suspension se sont graduellement 
deposes sur une grande etendue du fond du lac, de fayon a for
mer une couche de cendres et de breches fines, qui constituent 
les couches de la base du volcan en boucher de Little Iskut. 

Les laves de Little Iskut se composent principalement de 
trachybasaltes qui different chimiquement des basaltes alcalins 
a olivine de Raspberry , puisqu 'ils contiennent plus de silice et 
de produits alcains , et aussi du point de vue de leurs proprietes 
physiques, en raison de leur plus faible teneur en composants 
volatiles dissous. Ainsi, les premieres laves de Little Iskut qui 
se sont repandues sur Ie fond du lac Raspberry (fig. 35) n'ont 
pas forme I'assemblage typique de laves en coussins , de bre
ches tufacees et de lobes de lave brusquement refroidies et fis
surees, sans etre fragmentees par I'expansion des gaz dissous . 
Une fois l'eau chassee du reseau de conduits volcaniques, les 
explosions phreatiques sont devenues moins frequentes, et Ie 



frequent and the growing lava dome on the lake bed ex
panded relatively quietly, insulated from the surrounding 
water by a porous mantle of breccia and escaping steam. 
Fractures, induced by thermal shock, fragmented the rock 
into a mass of small polygonal blocks. These were con
tinuously sloughed from the outer surface of the growing 
dome and accumulated as chaotic piles of marginal brec
cia. Within the cores of both domes and flows similar frac
turing occurred but there the blocks retained their original 
relative positions to form a "crackJe breccia" of closely 
fi tted pieces. 

The summit of Little Iskut volcano rapidly grew above 
the surface of Raspberry lake, appearing first as a small, 
steaming island and later growing into a broad conical 
mountain that overlapped the northern shoreline and dis
placed much of the original lake with breccia. Lava issu
ing from its summit crater spread down the gentle east 
and south slopes into the shrinking remnants of Raspber
ry lake (Fig. 30). As each successive flow entered the 
water it was quenched and fractured to form a subaque
ous "crackJe breccia" similar to that formed in the early 
stages of activity. On the west side of the shield highly 
mobile Little Iskut lava poured directly onto the old sur
face of Raspberry basalt to form a lobe of lava that ex
tended west almost to Mess Creek . In contrast to the rough , 
clinkery, surface of the Raspberry flows, the Little Iskut 
lava flows were covered with a mantle of smooth, fracture
bounded blocks. Nor was the eruption of Little Iskut lava 
accompanied by spectacular fire fountaining and ash falls. 
Instead each pulse of activity produced a large volume 
of highly mobile lava that welled rapidly from a central 
vent. As it spread and cooled, a solid crust repeatedly 
formed , fractured and reformed until the pasty , molten 
core was covered by a mantle of shifting blocks . When 
the last Little Iskut flow finall y ground to a halt its blocky 
surface merged imperceptibly with the sprawling fields 
of older blocks that covered the entire surface of the new
ly formed shield. 

Armadillo Formation Six million years ago, the harsh 
barren landscape formed by the eruption of Raspberry ba
salt had been greatly subdued by erosion. The layer of 
black ash that blanketed the Central Highlands had been 
eroded away, as had most of the cinder cones that dotted 
its surface three million years earlier. Flows of Raspber
ry basalt surrounding the Highlands still retained their larg
er features, the sinuous network of levies and overlapping 
lobes of lava with their concentric ridges still contrasted 
with the smooth rolling landscape of the Highlands, but 
the blocky lava surface was now mantled with a thin ve
neer of broken rock and sediment. Streams, seeking a route 
across its irregular surface had begun to etch out tiny box 
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dome de lave croissant sur Ie fond du lac s'est developpe de 
fa<;:on relativement tranquille , puisqu ' il etait isole de I'eau envi
ronnante par un manteau poreux de breches et par les vapeurs 
se degageant des fissures . Les fractures produites par Ie choc 
thermique ont fragmente la roche en une masse de petits blocs 
polygonaux . Ces derniers se sont continuellement detaches de 
la surface exterieure du dome durant la croissance de celui-ci 
et , en s'accumulant, ont forme des empilements chaotiques de 
breches marginales. Au coeur des domes et des coulees, sont 
apparues des fractures similaires, mais cette fois, les blocs ont 
conserve leur position relative les uns par rapport aux autres , 
et ont forme une « breche de dislocation » formee de morceaux 
etroitement ajustes les uns aux autres. 

Le sommet du volcan Little Iskut s'est rapidement eleve 
au -dessus de la surface du lac Raspberry, et a tout d' abord pris 
la forme d'un 1I0t fumant, et plus tard d'une large montagne 
conique qui a empiete sur Ie littoral nord, et a deplace une 
grande partie du lac originel en Ie comblant avec des breches. 
Les laves emises par son cratere sommital se sont etalees sur 
les pentes douces est et sud jusqu'aux vestiges de plus en plus 
reduits du lac Raspberry (fig. 30). A mesure que chaque coulee 
successive a penetre dans l'eau, elle a subi un refroidissement 
brusque, et la lave s'est fracturee pour donner une «breche de 
dislocation » subaquatique, semblable a celle formee au cours 
des premieres phases d'activite volcanique. Du cote ouest du 
bouclier, les laves tres flu ides de Little Iskut se sont directe
ment deversees sur I 'ancienne surface du basalte de Raspberry, 
en creant un lobe de lave qui se prolongeait a l'ouest presque 
jusqu'au ruisseau Mess. Contrairement a la surface rugueuse 
et scoriacee des coulees de Raspberry, la surface des coulees 
de Little Iskut a ete recouverte d'un manteau de blocs lisses 
limites par des fractures. Aucuns phenomenes spectaculaires, 
comme des fontaines de feu et des chutes de cendres n'ont 
accompagne I'eruption des laves du volcan Little Iskut. Au 
contraire, chaque episode d'activite a produit un vaste volume 
de laves tres fluides, qui ont rapidement surgi d'un event cen
tral. A mesure que les laves se sont etalees et refroidies, une 
croGte solide s'est a plusieurs reprises formee, fracturee et 
reformee jusqu'a ce que Ie noyau de lave pateuse en fusion ait 
ete recouvert d'un manteau de blocs mouvants. Lorsque la der
niere coulee de lave de Little Iskut a fini par s'immobiliser, sa 
surface blocailleuse s'etait imperceptiblement fondue avec les 
immenses champs d 'anciens blocs de lave qui recouvraient 
toute la surface du bouclier nouvellement forme . 

Formation d'Armadillo. II y a six millions d'annees, Ie rude 
paysage desert forme par l'eruption du basalte de Raspberry 
avait ete grandement adouci par l'erosion. La couche de cen
dres noires qui recouvrait les hautes-terres centrales avait ete 
enlevee par I' erosion, de me me que la plupart des cones de sco
ries qui parsemaient sa surface trois millions d 'annees aupara
vant. Les coulees du basalte de Raspberry environnant les 
hautes-terres conservaient encore leurs grands traits topogra
phiques, c'est-a-dire Ie reseau sinueux de levees naturelles et 
de lobes de lave cheauchants dont les cretes concentriques se 
detachaient encore nettement de la topographie doucement 
ondulee des hautes-terres, mais la surface de lave biocailleuse 
se trouvait recouverte d'un mince placage de fragments 

5 



MOUNT EDZIZA 

canyons along the old lava troughs and around the mar
gins of flow lobes. Where they entered depressions or 
spread out onto flat bench land their load of sediment was 
deposited as small alluvial fans and lacustrine deposits and 
there, pioneer vegetation, rooted in the sparse layer of 
new-formed soil began to spread from the swampy 
lowlands and stream banks to the lava itself. 

On the southern edge of the old Raspberry shield, 
a plume of vapour and small periodic bursts of ash and 
lava , still issued from the low black cone of Little Iskut 
volcano and the surrounding fields of lava still had a fresh 
blocky surface devoid of vegetation. 

As activity subsided on Little Iskut volcano, a new 
and different phenomenon began to appear farther north. 
Warm springs in the eastern Highlands, near what is now 
Armadillo Peak, began to increase rapidly in temperature 
and the region was soon dotted with great steaming scars 
where the bedrock shale was bleached white and altered 
to brightly coloured clay by hot acid water and vapours 
rising to the surface through fractures. Beneath the fields 
of boiling mud pots, geysers, and fumaroles , a large body 
of magma, forcing its way slowly upward , caused the over
lying rock to dome and fracture . Earthquakes occurred 
with increasing frequency and intensity and finally the first 
eruption of Armadillo trachyte burst from the surface. 

The Armadillo stage of activity (Fig . 40) began with 
the explosive discharge of gas and pumice from a vent 
near Canoona Ridge , on the northern edge of the rising 
basement dome, nearly 8 km north of the main body of 
intrusive magma . Light frothy pumice , along with parti
cles of shale, torn from the walls of the vent, were thrown 
hundreds of metres into the air, falling back to form a 
blanket of loose, white, air-fall pumice several hundred 
square kilometres in extent. Near its source, the pumice 
reached a thickness of more than 150 m, and 32 km west 
of its source the basal ash layer is still up to 15 m thick. 
No sooner had it fallen than wind and running water be
gan to redistribute it , washing it from the Highlands into 
the adjacent lowlands where it was deposited along with 
normal sediments. 

The column of gas and pumice that produced the air
fall deposits was accompanied by periodic outbursts of 
gas-charged magma that overflowed the crater rim and 
swept down the slopes as glowing avalanches. Welded 
ash flow deposits formed in this way are found as much 
as 10 km from their source. Although periodic discharges 
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rocheux et de sediments. Les cours d'eau, en se frayant un che
min a travers cette surface irreguliere, avaient commence it 
creuser de petits canyons rectangulaires Ie long des anciennes 
depressions de la lave, et it la lisiere des lobes des coulees. 
Lorsque ces cours d'eau penetraient dans des depressions ou 
s'etalaient sur des cuestas subhorizontales, ils deposaient leur 
charge de sediment sous forme de petits cones de dejection et 
de depots lacustres, et la, une vegetation pionniere, enracinee 
dans la tres mince couche de sol nouvellement formee, a com
mence a se propager des basses-terres marecageuses et des 
rives des cours d'eau jusqu'aux laves elles-memes. 

Sur Ie bord sud de I'ancien bouclier de Raspberry, 
s'echappait encore un panache de vapeur, tandis que Ie cone 
noir et peu eleve du volcan Little Iskut produisait encore de 
petites eruptions periodiques de cendres et de laves, et les 
champs de lave environnants presentaient encore une surface 
blocailleuse et frakhe, depourvue de vegetation. 

A mesure que diminuait l'activite du vo\can Little Jskut, 
un phenomene nouveau et different commenc;ait it se manifester 
plus au nord . La temperature des sources chaudes des hautes
terres de I'est, pres du pic Armadillo actuel, avait commence 
it s'elever rapidement, et la region etait bientot parsemee de 
grandes cicatrices fumantes it I' emplacement desquelles Ie 
schiste argileux du soubassement etait blanchi ou altere en 
argile vivement coloree par I 'eau chaude acide et la vapeur 
remontant jusqu 'a la surface par I 'entremise des fractures . Au
dessous des champs de sources vo\caniques boueuses, de gey
sers et fumerolles, l'important volume de magma, qui se frayait 
lentement un chemin vers Ie haut , provoquait Ie bombement et 
la fracturation des roches sus-jacentes. Des se ismes de fre
quence et d'intensite croissantes se sont manifestes, et la pre
miere eruption du trachyte d' Armadillo a finalement eu lieu. 

La phase d'activite d' Armadillo (fig . 40) a commence avec 
Ie degagement explosif de gaz et de pierre ponce a partir d'un 
event situe it proximite de la crete de Cartonna, sur Ie bord nord 
du dome forme par Ie soulevement de la roche de fond, it pres
que 8 km au nord de la masse principale de magma intrusif. 
De la pierre ponce legere et bulleuse, en meme temps que des 
particules de schiste argileux arrachees aux parois de l'event, 
ont ete projetees a des centaines de metres en altitude, et leur 
retombee a forme un manteau de pierre ponce dispersee, blan
che et tres legere, couvrant plusieurs centaines de kilometres 
carres. Pres de sa source, la pierre ponce a atteint une epaisseur 
de plus de 150 m; it 32 km it l'ouest de sa source, la couche 
basale de cendres atteint encore 15 m d'epaisseur. Immediate
ment apres avoir atteint Ie sol, les pierres ponces et cendres ont 
ete redistribuees par Ie vent et les eaux courantes, qui les ont 
entrainees des hautes-terres dans les basses-terres adjacentes, 
ou elles se sont accumulees en me me temps que les sediments 
habituels. 

Le jaillissement de la colonne de gaz et de pierre ponce 
responsable de cette dispersion des depots , a ete accompagne 
d'eruptions periodiques de magma charge de gaz qui a deborde 
du bord du cratere, et a devale les pentes sous forme de coulees 
de cendres incandescentes. On rencontre des depots d ' ignim
brites ainsi formes jusqu'a IO km de distance de leur source. 



of pumice continued throughout the Armadillo stage of 
activity, their volume was dwarfed by the immense up
welling of trachyte and rhyolite lava that followed the ini
tial explosive eruptions. The first viscous lava piled up 
into steep sided, overlapping domes above the vent area, 
but as the pile grew the gradient steepened and successive 
flows moved farther out from their source, eventually 
covering most of the southeastern Highlands in bulbous 
mounds of trachyte and rhyolite. Withdrawal of magma 
from the shallow reservoir beneath the Armadillo base
ment dome allowed the roof to collapse and an ell iptical 
cauldron about 3 km across formed on the crest of the 
dome. As its floor subsided, trachyte magma welled up 
along the fractures in the roof and formed a succession 
oflava lakes ponded within the depression. An even larg
er volume of lava overflowed the caldera rim and spread 
westward in great composite lobes of viscous trachyte and 
rhyolite flows nearly 13 km long and up LO 460 m thick. 

Armadillo caldera and Cartoona Ridge were not the 
only vents through which Armadillo trachyte and rhyo
lite were erupted. Tadeda, on the northwest side of the 
basement dome and IGC vent farther west both produced 
pumice and lava , and rhyolitic dykes, exposed at several 
places cutting basement rocks , suggest that magma may 
have welled out of other vents now hidden beneath the 
lavas or destroyed by later erosion. 

Nor were rhyolite and trachyte the only materials 
erupted during Armadillo time. Flows of highly fluid ba
salt issued from several vents around the periphery of the 
main Armadillo pile. The main centre lay northwest of 
the growing pile of rhyolite domes, near the northern edge 
of the older Raspberry shield. Most of the lava from this 
source flowed west into the Mess Creek lowlands. How
ever, along its southern edge thin black sheets of basalt 
periodically spread across the white, desert-like apron of 
pumice and fine rhyolitic sand that flanked the main cluster 
of Armadillo rhyolite domes. These and other smaller 
streams of basalt from isolated centres within the High
lands , were subsequently covered by showers of rhyolite 
pumice from vents farther south. Thus as the two adja
cent piles grew in a series of eruptive spasms, encroach
ing first one way and then the other across their shifting 
boundary, they produced a thick intervening zone in which 
thin wedges of basalt and rhyolite are interlayered. Little 
Iskut shield volcano, buried by the first showers of air
fall pumice and overridden by ash flows that swept down 
the southern slope of Armadillo caldera, also remained 
active during Early Armadillo time. Trachybasalt flows 
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Bien que des emissions pericxliques de pierre ponce aient eu 
lieu pendant toute la phase d'activite du volcan Armadillo, leur 
volume etait minimal par rapport aux immenses jaillissements 
de laves trachytiques et rhyolitiques qui ont suivi la serie ini
tiale d'eruptions explosives. Les premieres laves visqueuses se 
sont accumulees sur des domes chevauchants 11 parois raides 
et situes au-dessus de la region des bouches volcaniques, mais 
11 mesure qu'augmentait I'accumulation des laves, la pente 
s'accentuait egalement, et les coulees successives se sont 
repandues de plus en plus loin de leur source; elles ont finale
ment recouvert la majeure partie des hautes-terres du sud-est, 
en formant des monticules d'aspect mamelonne, composes de 
trachytes et de rhyolites. Le retrait du magma du reservoir peu 
profond qui se trouvait sous Ie dome basal du volcan Arma
dillo, a provoque l'effondrement du toit, phenomene qui a 
donne suite 11 I'apparition d ' une caldeira elliptique d'environ 
3 km de diametre sur la crete du dome . A mesure que s'affais
sait Ie planchcr, Ie magma trachytique est remonte Ie long des 
fractures du toit, et a forme une succession de lacs de lave rete
nus 11 I 'interieur de la depression. Un volume encore plus grand 
de lave a deborde de la caldeira et s'est repandu vers I'ouest 
en formant de grands lobes composites de trachyte visqueux 
et des coulees rhyolitiques atteignant presque 13 km de 
longueur et 460 m d'epaisseur. 

La caldeira d'Armadillo et la crete de Cartoona n'etaient 
pas les seuls events d'ou aient jailli les trachytes et rhyolites 
d' Armadillo. Le volcan Tadeda, du cote nord-ouest du dome 
basal et I'event IGC situe plus 11 I'ouest, ont tous deux emis 
de la pierre ponce et de la lave, et la presence de dykes rhyoliti
ques, exposes en plusieurs endroits ou ils recoupent les roches 
du soubassement, semble indiquer que Ie magma a pu s'echap
per d'autres events maintenant dissimules sous les laves ou 
detruits par l'erosion subsequente. 

Les eruptions survenues pendant l'intervalle d' Armadillo 
n'ont pas emis que des rhyolites et trachytes. Des coulees de 
basalte tres fluide ont ete emises par plusieurs events situes 11 
la peripherie de la structure principale d' Armadillo. La partie 
centrale se trouvait au nord-ouest de I 'empilement croissant de 
domes rhyolitiques, pres du rebord septentrional du bouclier 
plus ancien de Raspberry. La plupart des laves provenant de 
celte source se sont ecoulees vers I' ouest dans les basses-terres 
du ruisseau Mess . Toutefois, sur Ie bord sud du Bouclier, de 
minces nappes noires de basalte se sont periodiquement repan
dues sur I'epandage, blanc et d'aspect desertique, de pierre 
ponce et de sable rhyolitique fin jouxtant Ie principal groupe 
de domes rhyolitiques d' Armadillo. Ces nappes, et d'autres 
epanchements moins abondants de basalte provenant de crate
res isoles situes 11 I 'interieur des hautes-terres, ont ete ensuite 
recouverts par des pluies de pierre ponce rhyolitique emises par 
des events situes plus au sud. Ainsi, 11 mesure que les deux edi
fices adjacents augmentaient de taille durant une serie d'episo
des eruptifs, en empietant tantot dans un sens, tantot dans 
I'autre sur leur limite mouvante, ils ont cree une epaisse zone 
intermediaire caracterisee par des interstratifications de minces 
prismes de basalte et de rhyolite. Le volcan en bouclier Little 
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issuing from near its summit flowed northwesterly across 
the early formed fields of pumice until, like Little Iskut 
volcano itself, they were eventually buried beneath the 
expanding pile of Armadillo rhyolite. 

By the end of Armadillo time, some five million years 
ago, all traces of the old Raspberry and Little lskut shield 
volcanoes had vanished beneath an unbroken layer of grey 
and white trachyte and rhyolite. On Armadil.lo Mountain, 
Tadeda, and Cartoona Ridge, spires of steaming rock, al
tered red and yellow by fumarolic gases, rose above the 
rolling grey and white surface of flows and domes which 
now formed a cluster of low mountains and ridges in the 
eastern Highlands. Beyond these mountains stretched a 
vast, wind-sculptured desert of shifting pumice, crossed 
only by the dry beds of intermittent streams. During peri
ods of flood, pumice-laden water coursed through these 
channels to the edge of the pile and spread out across broad 
alluvial fans. There the apron of sediment encroached 
steadily on the edge of the living forest, burying it along 
with the charred skeletons of pre-Armadillo trees that still 
projected through the thin peripheral layer of ash . 

Nido Formation. The events that followed the first erup
tion ofNido basalt are shrouded in complexity. The activity 
was not confined to an isolated eruption or even a se ries 
of closely related eruptions, but rather a long episode en
sued during which a multitude of individual, widely sepa
rated centres flared into eruption and died, leaving piles 
of basalt and tephra that were subsequently buried beneath 
the products of yet another active centre. At least six ma
jor volcanoes were active during Nido time as well as un
counted smaller cones whose only remaining record is 
preserved as highly oxidized lenses of bombs and agglu
tinated tephra sandwiched between the lava flows . Al
though the precise sequence of events is not known , a 
generalized picture of Nido volcanism can be surmised 
from the juxtaposition of volcanic products and fluvial 
gravel that continued to pour out of the Armadillo High
lands and the surrounding basement terrane throughout 
Nido time . The highly mobile, fluid basaltic lava which 
was common to all the Nido centres flowed rapidly into 
the newly formed valleys, burying lag gravels and out
wash from the Highlands, disrupting the drainage, and 
ponding numerous lakes behind lava dams. Near the end 
of Nido time the picture was further complicated by the 
appearance of glacier ice. 
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lskut, enfoui sous les premieres pluies de pierre ponce et sub
merge par des coulees de cendres qui ont devale la pente sud 
de la caldeira d' Armadillo, est aussi reste actif durant Ie debut 
de I'intervalle d'Armadillo . Les coulees de trachybasalte emi
ses a proximite de son sommet se sont dirigees vers Ie nord
ouest, en traversant les champs deja existants de pierre ponce, 
jusqu ' a ce que, a I' instar du volcan Little Iskut, I' accumulation 
de plus en plus vaste de rhyolite d' Armadillo les ait finalement 
recouvertes . 

Vers la fin de l'intervalle d' Armadillo, il y a environ cinq 
millions d'annees, toute trace des anciens volcans en boudier, 
Ie volcan Raspberry et Ie volcan Little Iskut, avait disparu, 
enfouie sous une couche continue de trachyte et de rhyolite gris 
et blancs. Sur Ie pic Armadillo, sur Ie vol can Tadeda et sur la 
crete de Cartoona, sont apparues des aiguilles de roche 
fumante, que l'alteration due aux gaz fumerolliens a colore 
rouge et jaune, au-dessus Ie la surface onduleuse grise et blan
che des coulees et domes qui maintenant formaient un groupe 
de montagnes et cretes peu elevees dans les hautes-terres de 
l'est. Au-dela de ces montagnes s'etendait un vaste desert, 
sculpte par Ie vent, compose de dunes mouvantes de pierre 
ponce, et traverse seulement par les lits secs des oueds . Durant 
les periodes d ' inondation, les cours d'eau torrentiels charges 
de pierre ponce parcouraient ces chenaux jusqu 'au bord de 
I'amas volcanique, et se repandaient ensuite sur de vastes cones 
alluviaux plats. lil, la nappe alluviale a continuellement gagne 
du terrain sur la foret vivante, et I' a peu a peu ensevelie en 
meme temps que les squelettes carbonises des arbres qui pous
saient avant I'eruption d' Armadillo et emergeaient encore de 
la mince couche peripherique de cendres. 

Formation de Nido. Les evenements qui ont fait suite a la pre
miere eruption du basalte de Nido demeurent obscurs, en rai
son de leur complexite. L'activite ne s'est pas limitee a une 
eruption isolee, ou meme a une serie d'eruptions tres rappro
chees; il s 'est agi plutot d 'un long episode, durant lequel une 
multitude de centres volcaniques distincts, tres eloignes les uns 
des autres, sont entres en eruption, puis se sont eteints , en lais
sant des amas de basaltes et de projections volcaniques, que les 
produits d'un autre centre d'activite volcanique ont par la suite 
completement recouverts . Au moins six grands volcans ont ete 
actifs durant I'intervalle de Nido , ainsi que d'innombrables 
cones de petite taille , dont les seules traces actuelles sont la pre
sence de lentilles fortement oxydees, consituees de bombes 
volcaniques et de tephra agglutines, intercalees entre les cou
lees de lave. Bien que I'on ne connaisse pas avec precision la 
sequence des evenements, on peut se faire une idee generale 
du volcanisme de Nido, d'apres la juxtaposition des produits 
volcaniques et des graviers flutiatiles que les hautes-terres 
d' Armadillo et les terrains constituant Ie soubassement envi
ronnant n'ont pas cesse de fournir pendant tout I'intervalle de 
Nido . Les laves basaltiques tres mobiles et fluides qu'emet
taient tous les centres volcaniques de Nido, se sont rapidement 
ecoulees dans les val lees nouvellement formees, en recouvrant 
les pavages desertiques et les epandages fluvio-glaciaires en 
provenance des hautes-terres, perturbant ainsi Ie reseau hydro
graphique et creant de nombreux lacs derriere des barrages de 
lave. Un peu avant la fin de I'intervalle de Nido, I' apparition 
des glaces de glacier est venue compliquer celte situation . 



A chain of three composite volcanoes developed north 
of Armadillo Peak along the eastern edge of the Central 
Highlands (Fig. 65). The oldest of these, Alpha peak and 
its satellites, gradually diverted and eventually complete
ly blocked the streams fiowing north from the Highlands. 
The first fiows buried river gravels and ponded shallow 
lakes in which thin layers of fine silt and sand accumulat
ed along with thick deltaic wedges of gravel. These 
deposits were themselves buried beneath later fiows from 
the same volcano. Where flows entered bodies of water, 
plumes of steam rose from the lakes and drifted across 
the streams of lava. Beneath the surface, the molten lava 
was quenched and fractured, producing clusters of small 
lava toes, pillows, and irregular globules of lava surround
ed by chaotic piles of glassy fragments spalled from the 
quenched surface of the advancing flow. Pods of this suba
queous tuff-breccia, formed in small transient lakes, are 
found throughout the dissected edifice of Alpha peak but, 
on the south side of the mountain, a lake must have per
sisted from the inception of the volcano until its final stages 
of activity (Fig. 69). The level of the lake rose as the vol
cano itself grew higher, and as successive batches of lava 
entered the lake and accumulated as tuff-breccia, the water 
was displaced upward until finally a pile of tuff-breccia 
more than 335 m thick formed on the southern fiank of 
Alpha peak. 

During the late stages of Alpha activity, lava began 
to issue from a second centre 12 km farther south (Fig. 67). 
Pulses of lava rose through fractures to a summit crater 
where expanding gases, dissolved in the magma, produced 
an incandescent column of lava that sent up showers of 
frothy tephra which fell back as bombs and spatter to form 
a loosely welded pile of pyroclastic debris from which 
the cone is built. This fire fountaining, accompanied by 
periodic outpouring of lava built a composite cone, Beta 
peak, which rose at least 365 m above the surrounding 
surface. Lava fiows of fluid basalt coursed down the slopes 
of the growing cone and into the adjacent valleys, their 
distal ends extending at least 13 km north of the main cone, 
overlapping the southern edge of the Alpha pile and bury
ing gravel from the Armadillo Highlands as well as collu
vium and slide debris derived from the basaltic cones 
themselves. Still farther south, Gamma volcano fiared into 
eruption on the western flanks of Cartoona Ridge and 
spread thin flows of basalt across the gently sloping allu
vial fans that fianked Armadillo Highlands on the north 
and west. 

Long before Beta and Gamma peaks had grown to 
their final heights their black clinkery surfaces were dust
ed with more or less permanent snow. Alpine glaciers 
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Une chaine de trois stratovolcans s'est formee au nord du 
pic Armadillo, Ie long du bord est des hautes-terres centrales 
(fig. 65). Le plus ancien de ces volcans, Ie mont Alpha et ses 
satellites, a gradueHement detourne et finalement complete
ment bloque les rivieres qui s'ecoulaient vers Ie nord a partir 
des hautes-terres. Les premieres coulees de lave ont recouvert 
les graviers fiuviatiles et forme des barrages naturels, creant 
des lacs peu profonds dans lesquels de fines couches de limon 
et de sable fin se sont accumulees en me me temps que d'epais 
depots de gravier delta'iques en biseau. Ces depots ont eux
memes ete ensevelis sous des coulees ulterieurement emises 
par Ie meme volcano Lorsque les coulees ont penetre dans des 
plans d'eau, des panaches de vapeur se sont eleves des lacs et 
ont ete emportes par Ie vent au-dessus des coulees de lave. Au
dessous de la surface, les laves en fusion ont ete brusquement 
refroidies et se sont fracturees en produisant des groupes de 
petits lobes de lave, des coussins, et des globules irreguliers 
de lave entoures d'entassements chaotiques d'eclats vitreux qui 
se sont detaches de Ja surface brusquement refroidie de la cou
lee, durant I 'avancee de cette demiere. On rencontre des lentil
les allongees de cette breche tufacee de nature subaquatique, 
formee dans de petits lacs transitoires, dans tout I 'edifice disse
que du mont Alpha mais, du cote sud de la montagne, a dO exis
ter un lac de la naissance du volcan a ses derniers stades 
d'activite (fig. 69). Le niveau du lac a monte au fur et a mesure 
de la croissance du volcan; alors que des coulees successives 
de lave penetraient dans Ie lac et s'accumulaient sous forme de 
breches tufacees, les eaux ont ete deplacees vers Ie haut, 
jusqu'a ce que finalement un amas de breche tufacee dCpassant 
335 m d' epaisseur se soit forme sur Ie flanc sud du volcan 
Alpha. 

Durant les dernieres phases d'activite du volcan Alpha, a 
2 km plus au sud, un second centre eruptif a commence a emet
tre des laves (fig. 67). A travers des fractures, ont eu lieu plu
sieurs emissions de lave, jusqu 'a un cratere sommital ou les gaz 
en expansion dissous dans Ie magma ont donne naissance a une 
coJonne incandescente de lave; Ie tephra ecumeux ainsi projete 
en I'air est retombe sous forme de bombes et de debris volca
niques qui, en s'accumulant, ont forme la masse de debris 
pyroclastiques plus ou moins bien soudes entre eux dont Ie cone 
se compose. Ces fontaines incandescentes, accompagnees 
d'ecoulements periodiques de lave, ont edifie un stratovolcan, 
Ie pic Beta, qui domine d'au moins 365 m la surface environ
nante. Les coulees basaltiques fiuides ont devale les pentes du 
cone en formation, et penetre dans les vallees adjacentes; eUes 
se terminaient a au moins 13 km au nord du cone principal, 
et recouvraient en partie Ie bord septentrional de l'amas volca
nique Alpha, tout en ensevelissant les graviers des hautes
terres d' Armadillo, de meme que les colluvions et Ie materiel 
eboule provenant des cones basaltiques eux-memes. Encore 
plus au sud, Ie volcan Gamma est entre en eruption sur les 
fiancs ouest de la crete de Cartoona, et a deverse de minces 
coulees de basalte sur les cones alluviaux aux pentes faiblement 
inclinees qui bordaient les hautes-terres d' Armadillo au nord 
et a I' ouest. 

Bien avant que les pics Beta et Gamma aient atteint leur 
altitude finale, leur surface noire, d'aspect scoriace, etait cou
verte d'une couche de neige plus ou moins permanente. Les 
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forming on the higher surrounding peaks sent tongues of 
ice into adjacent valleys choking rivers and streams with 
glacial-fluvial sediment that accumulated in broad outwash 
plains . The waxing and waning of glacial ice over a peri
od of several thousand years was punctuated by further 
eruptions of Nido basalt. At times Beta peak was nearly 
enveloped by distributary glaciers flowing northward from 
an ice cap that mantled the Armadillo Highlands and ulti
mately covered the broad shield of Gamma peak (Fig. 67c). 

Basalt erupted during periods of glacial advance was 
quenched against the ice or accumulated as piles of pil
lows and tuff-breccia in meltwater ponds thawed along 
the contact between lava and ice. During periods of gla
cial recession, lava flows spread over the scoured sur
face, burying moraines and outwash left by the retreating 
glaciers . 

The last series of eruptions from Beta peak took place 
during such a recession. Retreating glaciers had left deep 
scars on the sides of the cone and deposited a thin veneer 
of outwash gravel and moraine on its lower slopes. The 
final surge of lava to issue from the battered cone of Beta 
peak flowed across the truncated remnants of earlier flows 
and spread out across the glacial deposits, filling outwash 
channels and piling up against abandoned morainal ridges . 
The lava, unlike the sparsely porphyritic basalt of earlier 
eruptions, was a partly crystalline mush containing up to 
60% large feldspar crystals. Fire fountaining of this 
material produced a frothy black scoria from the molten 
lava, whereas much of the enclosed feldspar was blown 
free to form a mixed tephra of cinders and clear, glassy 
crystals. The extinct but still fuming cone of Beta peak 
lay near the northern edge of the Armadillo ice cap, from 
which meltwater streams cut meandering courses across 
the blanket of newly deposited black ash. Locally, wind 
and running water winnowed away the light, porous scoria 
leaving behind pockets of clear feldspar crystals on the 
surface of small floodplains and river bars. 

Beneath the ice cap itself new life was beginning to 
stir in the frozen remains of Gamma volcano . A small 
steaming lake appeared on the sagging surface of Armadil
lo ice cap above the active fumeroles issuing from the dor
mant crater. A short time later lava began to pour from 
a vent in the bottom of the lake. Unlike the incandescent 
fire fountains that accompanied earlier eruptions of Gam
ma volcano , the vent was now completely shrouded in 
billowing clouds of white steam pierced by jagged columns 
of black, water-saturated ash that rose and fell with each 
successive explosion (Fig. 77). The lake was rapidly en
larged and before eventually draining from beneath the 
edge of the ice cap it extended for more than 5 km west 
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glaciers alpins qui se sont formes sur les pics environnants plus 
elevcs , ont emis des langues de glace dans les vallees adjacen
tes, et ont engorge les fleuves et rivieres de sediments fluvio
glaciaires qui se sont accumules dans de vastes plaines d'epan
dage fluvio-glaciaires. Les processus de croissance et de dispa
rition de la glace de glacier, pendant une periode de plusieurs 
milliers d'annees, ont ere marques par d'autres episodes 
d'eruption du basalte de Nido. Parfois, Ie pic Beta a ete presque 
totalement enveloppe par des glaciers tributaires avan<;ant vers 
Ie nord a partir d'une calotte glaciaire qui recouvrait entiere
ment les hautes-terres d' Armadillo, et qui a finalement occupe 
Ie vaste bouclier du pic Gamma (fig . 67c). 

Les basaltes produits par des eruptions durant des periodes 
d'avancee glaciaire ont ete brusquement refroidis par contact 
avec la glace, et se sont accumules sous forme de coussins et 
de breches tufacees dans les mares d'eau de fonte formees dans 
la region de contact entre la glace et la lave . Durant les periodes 
de recul glaciaire, les coulees de lave se sont epanchees sur la 
surface affouillee, en ensevelissant les moraines et les epanda
ges fluvio-glaciaires laisses par les glaciers en retraite . 

La derniere serie d'eruptions du pic Beta a eu lieu durant 
une periode de recul. Les glaciers, en se retirant, ont laisse de 
profondes cicatrices sur les versants du cone et ont depose un 
mince placage de graviers fluvio-glaciaires et de moraine au 
bas des pentes. La derniere emission de laves proven ant du 
cone ruini forme du pic Beta s' est repandue sur les restes tron
ques des anciennes coulees, et a recouvert les depots glaciaires, 
tout en comblant les chenaux fluvio-glaciaires et en s 'entassant 
contre des cretes morainiques abandonnees. Contrairement aux 
basaltes faiblement porphyriques des eruptions anterieures, les 
laves constituaient une masse spongieuse partiellement cristal
line, contenant jusqu'a 60 % de macrocristaux de feldspath. 
Les laves en fusion de ce type, projetees par les fontaines de 
feu, ont donne en se refroidissant des scories noires et ecumeu
ses, mais la plupart des feldspaths, projetes a I'ecart, ont forme 
des tephra composes d'un melange de cendres et de cristaux 
vitreux et clairs. Le cone eteint mais encore fumant du pic Beta 
se situait pres de la limite nord de la calotte glaciaire d'Arma
dillo , ou prenaient leur source les torrents d'eau de fonte qui 
creusaient des meandres dans la couverture de cendres noires 
nouvellement cteposees. Par endroits, Ie vent et les eaux cou
rantes ont entratne les scories legeres et poreuses, en laissant 
sur place des amas isoles de cristaux clairs de feldspath it la 
surface de petites plaines d'inondation et de bancs fluviatiles. 

Au-dessous de la calotte glaciaire elle-meme, la vie a 
recommence a s'installer dans les ruines glacees du volcan 
Gamma. Un petit lac fumant est apparu a la surface deprimee 
de la calotte glaciaire d' Armadillo, au-dessus des fumerolles 
actives emises par Ie cratere inactif. Un peu plus tard, un event 
situe au fond du lac a commence a emettre des laves. Alors 
qu'auparavant des fontaines de laves incandescentes accompa
gnaient les eruptions du volcan Gamma, Ie cratere se trouvait 
maintenant completement enveloppe par d'epaisses volutes de 
vapeur blanche, traversees par des colonnes dechiquetees de 
cendres noires saturees d 'eau, que chaque explosion successive 
(fig. 77) faisait monter et retomber. Le lac s'est rapidement 
agrandi jusqu'a s'etendre sur plus de 5 km a ['ouest de I 'event 



of the main vent. Each surge of lava produced large chunks 
of basalt that sank rapidly to the bottom of the lake, as 
wei I as smaller fragments that settled more slowly to form 
a series of bedded and crudely graded deposits of tuff
breccia. Primary ejecta and the quenched lobes of suba
queous flows were mixed with debris originally thrown 
onto the ice and later slumped into the lake as it continued 
to enlarge . 

Before the final surge of lava issued from Gamma 
volcano the meltwater lake had drained. The black ash
covered glacial ice had wasted away beyond the limits of 
the volcano and subsequent flows of subaerial basalt part
ly covered and lapped against the piles of older tuff-breccia 
and were thcmsclvcs covered by patches of glacial fluvial 
gravel spreading from the retreating ice. 

Activity continued with a massive effusion of olivine 
basalt from the summit crater of Gamma peak. Near its 
source the lava clung tenaciously to steep slopes of the 
older cone, covering the fragile pile of tuff-breccia with 
a resistant mantle of hard rock up to 90 m thick, while 
thin distal lobes spread westward for more than 6.5 km. 
Unlike the final, feldspar-rich lava that issued from Beta 
peak , the culminating flows from Gamma volcano car
ried large crystals of olivine, clusters of olivine, pyrox
ene and feldspar and lherzolite nodules torn from a source 
area within the Earth's mantle. 

Eruption ofNido basalt was not confined to the area 
north of Armadillo Highlands (Fig. 65). Magma, forcing 
its way upward through swarms of north-trending frac
tures, cut through the extinct cone of Little Iskut volcano 
and erupted to form Swarm peak. Lava poured down the 
western and southern flanks of the old shield and spread 
across alluvial fans and gravel bars flanking the southern 
edge of Armadillo Highlands . Still farther south, along 
this same zone of fractures, a major eruption flared in 
the high mountains at least 10 km beyond the outermost 
limits of the old Raspberry and Little Iskut flows. Fire 
fountains, playing above the vent, built a lopsided unsta
ble pyroclastic cone, Vanished peak, against the steeply 
sloping surface, but most of the lava flowed north and 
west, coursing rapidly down a narrow valley that led from 
the flanking mountains onto the rolling surface of Spec
trum Plateau. There the lava spread in thin sheets , coalesc
ing with flows streaming down the flanks of Little Iskut 
volcano and welling out across the boulder-strewn sur
face of the plateau. 

At least two additional centres, Exile hill and Lost 
peak, erupted on the plateau itself. Exile hill on the ex
treme western edge , was a small, subaerial pyroclastic 
cone that was almost completely inundated by younger 
flows from the south and east. Lost peak, on the southern 
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principal, avant de finalement se drainer en s'echappant sous 
Ie bord de la calotte glaciaire . Chaque eruption de lave a projete 
de gros morceaux de basalte qui ont rapidement coule au fond 
du lac, ainsi que des fragments plus petits qui se sont lentement 
deposes et ont forme une serie de depots lites et grossierement 
tries, composes de breches tufacees. Les projections primaires 
et les lobes rapidement refroidis des coulees subaquatiques, se 
sont melanges aux debris initialement projetes sur la glace, et 
ont ensuite glisse dans Ie lac a mesure que ce dernier continuait 
a croltre. 

Avant la derniere eruption des laves emises par Ie volcan 
Gamma , Ie lac forme par les eaux de fonte s'etait vide. La glace 
de glacier recouverte de cendres noires s'etait retiree au-dela 
des limites du volcan, et des coulees ulterieures de basalte 
subaerien avaient partiellement enseveli ou effleure les am as 
d'anciennes breches luracees, et avaient elles-memes ete recou
vertes d'etendues de graviers fluvio-glaciaires, provenant des 
glaciers en retraite. 

L'activite volcanique s'est poursuivie avec une effusion 
massive de basalte a olivine a partir du cratere sommital du pic 
Gamma. Pres de leur source, les laves sont restees solidement 
accrochees aux pentes raides du cone ancien, et ont recouvert 
l'amas fragile de breches tufacees d'un manteau resistant de 
roche dure atteignant parfois 90 m d' epaisseur, tandis que de 
minces lobes distaux se sont etales vers I'ouest sur plus de 
6 ,5 km. Contrairement aux dernieres laves riches en feldspath 
emises par Ie pic Beta, les coulees culminantes du volcan 
Gamma ont entralne de gros cristaux d'olivine, des groupes de 
cristaux d'olivine, de pyroxene et de feldspath, et des nodules 
de lherzolite arraches a une zone source du manteau terrestre. 

Les effets de l'eruption du basalte de Nido ne se sont pas 
fait sentir que dans la region situee au nord des hautes-terres 
d' Armadillo (fig. 65). Le magma, se frayant un passage a tra
vers des essaims de fractures d'orientation nord, a entaille Ie 
cone eteint du volcan Little Iskut, s 'est deverse Ie long des 
flancs ouest et sud de I'ancien bouclier, el s'est etale a travers 
des cones a.lluviaux plats et banes de gravier longeant Ie bord 
sud des hauies-terres d' Armadillo. Encore plus au sud, Ie long 
de celte meme zone de fractures, une importante eruption s'est 
produite dans les hautes montagnes a au moins 10 km au-dela 
des limites exterieures des anciennes coulees de Raspberry et 
de Little Iskut. Les fontaines incandescentes , jaillissant au
dessus de I'event, ont edifie un cone pyroclastique instable et 
asymetique, Ie pic Vanished, sur la surface en pente raide, rna is 
la majeure partie des laves se sont ecoulees vers Ie nord et 
I 'ouest, et ont rapidement descendu une etroite vallee allant des 
monts qui les bordaient, a la surface ondulee du plateau Spec
trum . A cet endroit, les laves se sont etalees en minces nappes, 
et ont fusionne avec des coulees qui descendaient des flancs du 
volcan Little Iskut, en s'epanchant sur la surface blocailleuse 
du plateau . 

Au moins deux crateres supplementaires, les crateres 
Sigma et Epsolon, ont produit des eruptions sur Ie plateau lui
meme. Des coulees plus recentes, provenant du sud et de I 'est, 
ont presque completement inonde Ie cone Sigma, petit cone 
pyroclastique subaerien, qui se dresse a !'extremite ouest du 
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edge of the plateau is a composite pyroclastic dome con
sisting of both subaerial and subaqueous ejecta. A pile 
of tuff-breccia and quenched flow tongues forms a com
plex waterlain pile more than 300 m thick on the western 
flanks of the dome, whereas the eastern flank consists of 
normal subaerial flows and scoria. The lake in which these 
deposits accumulated was probably ponded between the 
growing volcano and a lobe of glacier ice encroaching 
on the plateau from the high mountains farther south. Other 
glaciers had already advanced northward, overriding the 
breached cone of Vanished peak and grinding down the 
sinuous network of lava levees that led to Spectrum 
Plateau , and for a short time the fiery showers of tephra 
and streams of molten lava ceased. By the time the last 
eruption of Nido basalt had sputtered to an end new ice 
caps had begun to grow on the volcanoes themselves. The 
stark, black landscape that they had formed was soon lost 
beneath a silent mantle of ice and snow that gave no hint 
of the pent-up energy trapped in a new mass of magma 
forming beneath the Spectrum Plateau. 

Spectrum Formation. About two million years ago, the 
battered remains of basaltic cones formed during the long 
episode of Nido activity began to emerge from the reced
ing ice. As the glaciers withdrew still farther, the vast 
lava fields which spread from Vanished and Swarm peaks 
were again exposed, their mantle of black scoria now 
stripped off, leaving a scoured pavement of solid basalt 
strewn with erratic boulders and isolated morainal ridges 
left by the receding ice. Alluvial fans and lag gravels, car
ried in from the adjacent highlands, began to accumulate 
around the edges of the old lava fields. On the south, 
streams flowing out of the Hickman massif deposited grav
els composed of dioritic, andesitic and sedimentary clasts 
derived from the pre-Tertiary basement rocks. Farther 
south, streams from the Armadillo Highlands deposited 
an apron of rhyolitic gravel on the surrounding fields of 
Nido basalt. This fluvial cover had only begun to accumu
late when the first explosive discharge of Spectrum rhyo
lite burst through the surface and deposited a layer of 
pumice and ash across the entire southern half of the old 
pile of Nido basalt. 

The initial Spectrum vent was subsequently buried 
beneath thousands of metres of rhyolite and trachyte la
vas that still conceal its exact location and form (Fig . 87). 
However, there is considerable evidence that much of the 
Spectrum activity was centred near what is now Yeda Peak 
(Fig . 88). This towering spire of explosion breccia, near 
the centre of the Spectrum Range, is flanked by subvol
canic, intrusive dykes and alteration zones which extend 
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plateau. Le cone Epsolon , un dome pyroclastique composite, 
situe 11 I' extremite sud du plateau, comprend a la foi s des pro
jections volcaniques subaeriennes et subaquatiques. Un amas 
de breches tufacees et de langues de lave brusquement refroi
dies forme un edifice complexe mis en place dans I 'eau et attei
gnant plus de 300 m d'epaisseur sur les f1ancs ouest du dome, 
tandis que Ie f1anc est se compose de coulees et scories subae
riennes normales. Le lac dans lequel se sont accumules ces 
depots a probablement ete cree par un barrage naturel entre Ie 
volcan en developpement et un lobe de glace de glacier qui 
empietait sur Ie plateau a partir des hautes montagnes situecs 
plus au sud. D'autres glaciers avaient deja progresse vers Ie 
nord, chevauche Ie cone fracture du pic Vanished, et abattu Ie 
reseau sinueux de levees naturelles de lave aboutissant au pla
teau Spectrum ; pendant un court intervalle, les pluies incan
descentes de tephra et les ecoulements de lave fondue avaient 
cesse. Alors que venaient de prendre fin les dernieres phases 
de I'eruption du basalte de Nido, de nouvelles calottes glaciai
res avaient commence a se developper sur Ics volcans eux
memes . Le paysage noir et desole qui s'etait forme avait ete 
rapidement enseveli sous un epais manteau de glace et de 
neige; ce dernier dissimulait completement I 'energie latente, 
piegee dans une nouvelle masse de magma en formation sous 
Ie plateau Spectrum. 

Formation de Spectrum. II y a environ deux millions 
d'annees, Jes restes ruiniformes des cones basaltiques formes 
durant Ie long episode d'activite du volcan Nido avaient com
mence a emerger des gJaces en recul. A mesure que se reti
raient encore les glaciers, les vastes champs de lave qui 
s'etendaient a partir des pics Vanished et Swarm avaient de 
nouveau ete exposes, maintenant denudes de leur manteau de 
scories noires, et leur surface se presentait com me un dallagc 
affouill6, compose de basalte solide, et parseme de blocs errati
ques et cretes morainiques isolees, abandonnes par les gIaces 
en recul. Les cones alluviaux et pavages desertiques , formes 
de materiaux entralnes a partir des hautes-terres adjacentes, 
avaient commence a s'accumuler sur les bords des anciens 
champs de lave. Au sud , des cours d'eau s'ecoulant du massif 
Hickman avaient depose des graviers composes de fragments 
dioritiques, andesitiques et sedimentaires derives du soubasse
ment pretertiaire . Plus au sud, des cours d'eau provenant des 
hautes-terres d' Armadillo avaient forme une plaine d 'epandage 
couverte de graviers rhyolitiques, sur Ies champs environnants 
des laves basaltiques de Nido. Cette couverture de sediments 
fluviatiles avait seulement commence a s'accumuler, Iorsque 
la premiere eruption explosive des laves rhyolitiques de Spec
trum a surgi de la surface; cette eruption a depose une couche 
de pierre ponce et de cendres sur toute la moitie sud de I' ancien 
amas du basalte de Nido. 

L'event initial de Spectrum a par la suite ete enseveli sous 
des milliers de metres de laves rhyolitiques et trachytiques, qui 
dissimulent encore sa position et sa configuration exactes (fig. 
87) . Toutefois, d'apres les nombreux indices observes, il sem
ble bien qu'une grande partie de I'activite du volcan Spectrum 
se soit concentre pres du pic Yeda actuel (fig. 88). Cette 
impressionnante aiguille formee de breches d'explosion voIca
nique, proche du centre du chalnon Spectrum, est bordee de 



more than 300 m below the old surface of the Vanished 
Peak lava field on which the Spectrum Range lavas were 
deposited. Thus, the voluminous outpouring of rhyolite 
and trachyte must have been accompanied by collapse and 
foundering of part of the surface onto which it was poured 
(Fig. 89). 

The history of the Spectrum Range began long be
fore the first ash eruptions broke through the surface. The 
body of magma which fed the eruptions had begun to ac
cumulate in a deep chamber many hundreds of years earli
er , probably during the period of Nido volcanism . As the 
volume of magma increased , it began to migrate upward, 
enlarging its reservoir and fracturing and doming the roof 
rocks until, by the time N ido volcanism had ceased, a 
column of magma more than 9 km across and at least I 
km high lay beneath the extinct basaltic lava fields of Spec
trum plateau. With each upward surge, pressure within 
the chamber decreased and volatile constituents , dissolved 
in the magma , streamed into the upper part of the reser
voir. This process , prolonged over hundreds of years, 
produced a stratified column of magma with the lighter, 
more volatile constituents at the top and denser, less vola
tile magma in the lower part of the chamber. 

Hydrothermal activity, localized along fractures in 
the domed roof of the magma chamber, almost certainly 
preceded the first eruption. It may have been sufficiently 
intense to maintain an ice-free area of steaming ground 
during the period of pre-Spectrum glaciation. At first the 
boiling springs and geysers were fed by meteoric water 
that seeped into fractures around the periphery of the ther
mal zone and , after being heated by the hot rocks above 
the magma chamber, rose to the surface by convection 
or flashed to steam and discharged in fumaroles. Later 
the convecting meteoric water was joined by the direct 
di scharge of volatiles from the underlying body of mag
ma. This gradual degassing of the magma through frac
tures in the roof of the chamber must have continued for 
a very long period and, by the time the first magma reached 
the surface , most of its explosive, volatile pressure had 
been dissipated. 

The initial burst of Spectrum activity produced a rela
tively small volume of pumice and ash which settled onto 
the bare, glacially scoured surface of the Kounugu flows. 
This was followed almost immediately by the rapid up
welling of an enormous volume of rhyolitic magma from 
the upper part of the magma chamber. Individual flows 
up to 150 m thick and 13 km long were discharged in a 
single pulse of activity. Near its source the hot viscous 
lava was covered by a thin glassy rind that spalled off 
the steep front of the flow in showers of incandescent scales 
to form a thin, vitreous pavement on which the molten 
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dykes subvolcaniques et intrusifs, et de zones d'alteration qui 
s'etendent it plus de 300 m sous I'ancienne surface du champ 
de lave du pic Vanished, sur laquelle s'etaient deposees les 
laves du chainon Spectrum. Ainsi, les volumineux epanche
ments de rhyolite et de trachyte avaient sans doute ete accompa
gnes de I' effrondement et de I'affaissement d'une partie de la 
surface sur laquelJe s'etaient ecoulees les laves (fig. 89) . 

L ' histoire du chainon Spectrum a commence bien avant 
que les premieres eruptions de cendres n ' aient surgies de la sur
face. Le corps magmatique qui alimentait les eruptions avait 
commence it s'accumuler dans une chambre profonde de nom
breux siecies auparavant, probablement durant la periode du 
volcanisme de Nido. A mesure qu'augmentait Ie volume de 
magma, ce dernier avait commence it migrer vers Ie haut, it 
agrandir son reservoir, it fracturer et it soulever les roches du 
toit en les arquant, de sorte qll'au moment ou pris fin Ie volca
nisme de Nido, une colonne de magma de plus de 9 km de large 
et d'au moins I km de haut s'etait constituee au-dessous des 
champs eteints de laves basaltiques du plateau Spectrum. A 
chaque nouvelle eruption, la pression diminuait it I 'interieur de 
la chambre, et les composants volatils dissous dans Ie magma 
montaient dans la partie superieure du reservoir. Ce processus, 
qui a dure des centaines d'annees, a produit une colonne mag
matique stratifiee dans laquelle les composants les plus legers 
et volatils se trouvaient au sommet, et Ie magma plus dense et 
moins volatil se trouvait dans la partie inferieure de la chambre . 

L ' activite hydrothermale , localisee Ie long des fractures du 
toit arque de la chambre magmatique, avait presque certaine
ment precede la premiere eruption. II est possible qu'elle ait 
ete suffisamment intense pour maintenir une surface I ibre de 
glace , d'ou s'echappait de la vapeur durant la peri ode de glacia
tion anterieure it la formation du plateau Spectrum. Tout 
d 'abord, les sources bouillonnantes et les geysers avaient ete 
alimentes par les eaux meteoriques qui s'infiltraient dans les 
fractures, it la peripherie de la zone d'activite hydrothermale 
et qui, apres avoir ete rechauffees par les roches brGlantes au
dessus de la chambre magmatique, remontaient it la surface par 
convection, ou etaient transformees en vapeur et se degageaient 
sous forme de fumerolies . Plus tard, les eaux meteoriques cir
culant par convection avaient ete accompagnees de degage
ments directs de produits volatils issus du corps magmatique 
sous-jacent. Ce degazage graduel du magma par des fractures 
du toit de la chambre s'est sans doute poursuivi pendant un 
temps tres long, et it I'epoque ou Ie magma avait atteint la sur
face pour la premiere fois, la majeure partie de sa force explo
sive, creee par la pression des produits volatils , s ' etait dissipee. 

La premiere manifestation d'activite du volcan Spectrum 
avait produit un volume relativement faible de pierre ponce et 
de cendres, qui s'etaient deposees sur la surface nue, affouillee 
par les glaces, des coulees de Kounugu. La remontee rapide 
d ' un enorme volume de magma rhyolitique issu de la partie 
superieure de la chambre magmatique avait presque immedia
tement suivi cet episode. Des coulees individuelles pouvant 
atteindre 150 m d'epaisseur et 13 km de long avaient eu lieu 
durant une phase unique d'activite . Pres de sa source, la lave 
visqueuse et chaude etait recouverte d'une mince croGte 
vitreuse qui se detachait du front fortement incline de la coulee 
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lava advanced (Fig. 92). Farther from their source, where 
cooling and partial crystallization had increased the vis
cosity of the lava, sluggishly moving flows were covered 
by a thick mantle of solid blocks. These were carried for
ward, as though on a slowly moving conveyer belt, and 
dumped into the path of the slowly expanding distal lobes 
around the periphery of the pile. One flow followed an
other until a broad dome of lava, more than 20 km across 
and at least 750 m thick at its centre, covered almost the 
entire southern half of the old Nido basalt lava fields 
(Fig. 93). As predominantly rhyolitic magma was drawn 
from the upper part of the magma chamber, successively 
deeper parts of the reservoir were tapped and the lava 
changed from rhyolite to trachyte. Also, at some point 
during the withdrawal of magma , the roof of the chamber 
began to collapse, carrying with it the early formed flows 
at the base of the Spectrum pile. During collapse and foun
dering of the roof, some magma was injected into the lower 
part of the overlying edifice, where it cooled and crystal
lized in small, high-level chambers without reaching the 
surface. 

At least 90% of the Spectrum pile was emplaced as 
flows. However, its relatively quiet effusion was punctu
ated by episodic bursts of pumice. Some of this, thrown 
high into the atmosphere, fell back as solid particles to 
form loose beds of air-fall tephra. More often, the pumice, 
along with accidental fragments torn from the vent, swept 
down the flanks of the growing domes as clouds of gas
charged, incandescent particles . Most of these were direct
ed northward from a source that lay either on the north 
slope of the dome, or from an asymmetrical summit vent 
with a low northern rim over which the frothy magma 
repeatedly spilled. 

The explosive eruption of Veda Peak near the end 
of Spectrum activity produced a gaping central crater near 
the crest of the lava dome (Fig . 89). Angular and rounded 
blocks torn from the conduit walls were thrown out along 
with particles of incandescent pumice and fine ash. Part 
of this ejecta piled up in a low breccia cone around the 
vent, while more volatile, pumice-rich phases sped down 
the slopes as ash flows. The conduit itself was a column 
of loose debris about 500 m across that extended from 
the surface at least 1000 m down to the magma chamber. 
Blocks in this breccia pipe are up to 2 m across and in
clude chunks of pre-Tertiary basement rocks as well as 
clasts derived from the underlying Nido basalt and rhyo
lite from the lower parts of the Spectrum pile. Many of 
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en pluies d'ecailles incandescentes, et formait ainsi un mince 
dallage vitreux sur lequel avanc;ait la lave en fusion (fig. 87). 
Plus loin de leur source, OU Ie refroidissement et la cristallisa
tion partielle avaient accru la viscosite de la lave, les coulees 
plus lentes etaient recouvertes d 'un epais manteau de blocs soli
des. Ces derniers avaient ete entrai'nes comme sur un tapis rou
lant de faible vitesse, puis avaient abandonnes sur Ie trajet des 
lobes distaux qui s'elargissaient peu a peu a la peripherie de 
I'amas volcanique. Les coulees s'etaient succedees, jusqu'a ce 
qu'un vaste dome de lave, de plus de 20 km de large et d'au 
moins 750 m d'epaisseur en son centre, eut presque entiere
ment recouvert la moitie sud des anciens champs de laves basal
tiques de Nido (fig. 93) . A mesure que Ie magma de nature 
principalement rhyolitique s'echappait de la partie superieure 
de la chambre magmatique , les produits du reservoir , et la 
composition des laves etait passee de rhyolitique a trachytique. 
Aussi, a un moment donne, durant Ie retrait du magma, Ie toit 
de la chambre avait commence a s'effondrer, entrai'nant avec 
lui les coulees precedemment formees a la base de I 'amas vol
canique de Spectrum. Durant I'effondrement et I'affaissement 
du toit, une partie du magma avait ete injectee dans la partie 
inferieure de I 'edifice sus-jacent, ou il s'etait refroidi et avait 
cristallise dans de petites chambres plus proches de la surface, 
mais sans atteindre cette derniere . 

Au moins a 90%, la mise en place de I'amas volcanique 
de Spectrum avait eu lieu sous forme de coulees . Toutefois, 
I'effusion relativement calme des laves avait ete occasion nelle
ment marquee par des episodes de projections de pierre ponce . 
Une partie de cette pierre ponce, projetee a grande altitude , 
etait retombee sous forme de particules solides qui avaient cree 
des lits non consolides, composes de tephra. Plus souvent, la 
pierre ponce, en meme temps que quelques fragments arraches 
au cratere, etait retombee Ie long des flancs des domes en deve
loppement, sous forme de nuees de particules incandescentes 
a haute teneur en gaz. La plupart de ces nuages etaient diriges 
vers Ie nord, et issus d'une source qui se trouvait soit sur Ie 
versant nord du dome, soit sur un cratere sommital asymetri
que, dont la bordure nord plus basse avait laisse s'echapper a 
plusieurs reprises Ie magma ecumeux. 

L'eruption explosive du pic Veda , vers la fin de I'epoque 
d'activite du vol can Spectrum, avait cree un cratere central 
beant pres de la crete du dome de lave (fig. 89). Des blocs 
anguleux et arrondis arraches aux parois de la cheminee volca
nique avaient ete ejectes en meme temps que des particules de 
pierre ponce incandescente et de cendres fines. En partie, ces 
projections s'etaient accumulees en formant un cone brechique 
peu eleve autour du cratere, tandis que les phases plus volatiles, 
riches en pierre ponce, avaient devale les pentes sous forme 
de coulees de cendres incandescentes . La cheminee elle-meme 
etait une colonne composee de debris meubles, d'environ 
500 m de large, qui s'etendait de la surface jusqu'a au moins 
1000 m de profondeur dans la chambre magmatique. Les blocs 
que I' on trouve dans cette cheminee brechique atteignent 2 m 



the clasts were rounded by abrasion during violent gas 
explosions that churned, fractured and refractured the 
enormous mass of broken rock within the conduit. 

Eight kilometres west of the Yeda Peak vent, a simi
lar, but much smaller eruption built Exile Hill (Fig. 94), 
a satellitic cone near the edge of the main Spectrum lava 
dome. The first explosive discharge of gas formed a brec
cia pipe about 200 m across through which trachyte lava 
was later forced to the surface. At least three separate sur
ges of lava issued from the vent to produce a small, satel
litic dome about 100 m high. 

A plume of sulphurous steam continued to rise from 
the Spectrum dome long after the effusion of lava had 
stopped. Much of this issued from fumaroles in and around 
Yeda Peak crater where violent jets of steam discharged 
directly from the deep recesses of the old, collapsed mag
ma chamber. Thousands of smaller fumaroles, originat
ing from vapours within the cooling flows themselves , 
dotted the surface of the surrounding dome. Each cluster 
of steaming vents was surrounded by a patch of bright 
red and yellow stain, produced by the reaction of hot sul
phurous gases and acid waters on the rock. 

During the Spectrum stage of activity, more than 100 
km 3 of rhyolite and trachyte were erupted . Successive 
flows poured out in rapid succession, filling potential val
leys before an integrated drainage pattern could become 
incised . A few streams etched small transient valleys into 
the growing edifice, and spread thin fans of rhyolitic gravel 
onto the flanks of the dome. Near the end of Spectrum 
time basaltic lava began to erupt from several new sum
mit vents. During this brief interval of Kitsu activity thin 
streams of black basalt coursed down the white flanks of 
Spectrum dome, covering and preserving a few remnants 
of the original surface and its mantle of fluvial gravel. 

Pyramid Formation. For at least a million years follow
ing the final burst of ash from Spectrum dome the volca
noes of the Edziza complex lay dormant while streams 
and glacier ice cut deeply into their slopes. Spectrum dome 
itself was dissected by a system of radial drainage and 
the ever-widening valleys of trunk streams along the east
ern and western sides of the complex encroached steadily 
on the edges of the old basaltic shields. The uplands, 
formed by Raspberry, Little Iskut and Nido volcanoes were 
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de large , et comprennent des fragments de roches du soubasse
ment pretertiaire, ainsi que des fragments de roches derives du 
basalte sous-jacent de Nido et de la rhyolite des parties infe
rieures de I 'amas volcanique de Spectrum. Un grand nombre 
de ces fragments avaient ere arrondis par l'abrasion durant les 
violentes eruptions explosives qui avaient brasse, fracture et 
refracture I'enorme masse de roches broyees a I'interieur de 
la cheminee volcanique. 

A huit kilometres a l'ouest de I'event du pic Yeda , une 
eruption similaire, mais de bien plus faible envergure, avait 
edifie la colline Exile (fig. 94) ; il s'agit d'un cone satellite situe 
a proximite du bord du dome de lave principal de Spectrum. 
La premiere eruption explosive avait forme une diatreme 
d'environ 200 m de large, au moyen de laquelle des laves 
trachytiques s'etaient ensuite frayees un passage jusqu'a la 
surface. 1I a fallu au moins trois eruptions successives de laves 
emises par Ie cratere pour creer un petit dome satellite d'envi
ron 100 m de haut. 

Un panache de vapeurs sulfureuses avait continue a s'ele
ver du dome Spectrum bien apres la fin de l'epanchement des 
laves. Une grande partie de cette vapeur a ete emise par des 
fumerolles a I' interieur et autour du cratere du pic Yeda, 
duquel de violents jets de vapeur s'eraient directement echap
pes des recoins profonds de l'ancienne chambre magmatique 
effondree. Des milliers de fumerolles plus petites, qui avaient 
pour origine les vapeurs liberees par Ie refroidissement des 
coulees elles-memes, parsemaient la surface du dome environ
nan!. Chaque groupe d 'events produisant de la vapeur etait 
entoure d'une surface de couleur rouge vif et jaune, produite 
par la reaction des gaz sui fureux chauds et des eaux acides au 
contact de la roche. 

Durant la phase d'activite du vol can Spectrum, plus de 
100 km3 de rhyolite et de trachyte avaient ete liberes par des 
eruptions. Les coulees s'etaient deversees en succession 
rapide, et avaient comble I 'espace de val lees potentielles, avant 
meme qu'un reseau hydrographique integre n'ait pu se consti
tuer . Quelques cours d'eau avaient incise de petites vallees 
transitoires dans I 'edifice qui se formait, et etale de minces 
cones alluviaux de graviers rhyolitiques sur les flancs du dome. 
Vers la fin de I'intervalle de Spectrum, des laves basaltiques 
avaient commence a s'echapper de plusieurs nouveaux crateres 
sommitaux. Durant ce bref intervalle d 'activite volcani que du 
Kitsu, de minces coulees de basalte noir avaient devale les 
flancs decolores du dome Spectrum, puis recouvert et preserve 
quelques vestiges de la surface originale et de sa couverture de 
graviers fluviatiles. 

Formation de Pyramid. Pendant au moins un million 
d'annees apres la derniere eruption de cendres du dome Spec
trum, les volcans du complexe d'Edziza sont restes inactifs, 
tandis que les cours d'eau et les glaciers ont sans reliiche incise 
leurs versants. Le dome Spectrum lui-meme a ete profonde
ment disseque par un reseau radial de drainage, et les vaJlees 
de plus en plus larges des fleuves principaux, Ie long des ver
sants est et ouest du complexe, ont continuellement gagne du 
terrain sur les bords des anciens boucliers basaltiques . Les 
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soon bounded by low escarpments cut into their flanks 
and tributary streams began to erode small box canyons 
into the outer edge of the volcanic plateau. At higher ele
vations, where drainage was not yet incised, small glacier
fed streams meandered across the gently sloping plateau, 
depositing outwash fans of fluvial gravel, reworked cinders 
and ash. During this period of dormancy the waxing and 
waning of the central ice cap spread glacial-fluvial and 
morainal deposits over much of the upland surface. 

One mill ion years ago the long period of quiet ended 
with the explosive discharge of pumice, gas and rock frag
ments from a vent near the northeastern edge of the com
plex. This violent eruption, accompanied by pyroclastic 
surges (Fig. (01) and phreatic explosions, marked the be
ginning of Pyramid activity (Fig. 100). It was followed 
by the relatively quiet effusion of basalt (Fig. (02) which 
spread in thin flows across the surface of the surge deposits 
and entered the valley of a north-flowing glacial stream. 
Layers of lag gravel being carried north by this stream 
were buried by successive flows and a small lake was pond
ed on the southern edge of the growing basalt pile 
(Fig. III). 

The basaltic stage of volcanism was short-lived and 
the small lava field it produced was rapidly buried be
neath felsic flows and domes that issued during the main 
pulse of Pyramid activity that followed (Fig. III). This 
began with eruption of the Pyramid, probably from the 
same vent that discharged the precursor, pyroclastic sur
ge deposits. The magma that formed this first Pyramid 
dome was already partly crystalline before it reached the 
surface. With up to 40% of its volume consisting of solid 
feldspar crystals the lava was too viscous to form flows. 
Instead it welled out above the vent into a bulbous dome 
I km across and 400 m high. Scale and slabs spalled off 
the steaming surface of the growing dome and formed a 
peripheral apron of brown, oxidized debris. Part of this 
was buried beneath the expanding mass, but no true lava 
flows advanced beyond the edge of the dome. 

A period of quiescence intervened between the erup
tion of the Pyramid dome and the next major pulse of 
Pyramid activity. During this time, detritus eroded from 
the Pyramid was spread by local streams onto the surface 
of the surrounding plateau (Fig. (06) and, farther south 
a major ice field began to advance out of the Armadillo 
Highlands. By the time volcanic activity resumed with 
eruption of Sphinx dome the ice front had advanced al
most as far north as Pyramid dome and the first Sphinx 
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hautes-terres formees par les volcans Raspberry, Little Iskut 
et Nido ont rapidement ete limitees par des escarpements peu 
eleves, entailles dans leurs flancs; les cours d 'eau tributaires 
ont commence a eroder de petits canyons rectangulaires dans 
Ie rebord exterieur du plateau volcanique. A plus grande alti
tude, la ou Ie reseau hydrographique n'avait pas encore reussi 
a inciser Ie terrain, de petits cours d'eau alimentes par les gla
ciers ondulaient a travers Ie plateau en pente douce, en creant 
des plaines d'epandage fluvio-glaciaire couvertes de graviers 
fluviatiles, de cendres et de scories remaniees. Durant cette 
peri ode d' inactivite volcanique, la croissance et la disparition 
de la calotte glaciaire centrale ont contribue a deposer des sedi
ments fluvio-glaciaires et morainiques sur une grande partie de 
la surface des hautes-terres. 

II Y a un million d'annees, la longue periode de calme a 
ete interrompue par I 'emission explosive de pierre ponce, de 
gaz et de fragments rocheux a partir d'une bouche volcanique 
situe a proximite du bord nord-est du complexe. Cette violente 
eruption, accompagnee de montees de materiaux pyroclasti
ques (fig. 101) et d'explosions phreatiques, a marque Ie debut 
de I'activite du volcan Pyramid (fig. 100). Elle a ete suivie de 
I 'effusion, dans des conditions relativement calmes, de basaltes 
(fig. (02) qui se sont repandues en minces coulees sur la sur
face des depots pyroclastiques, et ont penetre dans la vallee 
d'un torrent glaciaire dont [,ecoulement se faisait en direction 
du nord. Les couches de pavage desertique, entrainees vers Ie 
nord par ce cours d'eau, ont ete enseveJies par des coulees suc
cessives, et un petit lac de barrage naturel s'est constitue sur 
Ie bord sud de [,edifice basaltique en formation (fig. Ill). 

La phase basaltique du volcanisme a dure peu de temps, 
et Ie petit champ de laves qu' elle a cree a ete rapidement ense
veli par des coulees et domes de couleur claire crees durant la 
periode suivante, soit la phase principale d'activite du volcan 
Pyramid (fig. III). Cette seconde phase a commence avec 
I 'eruption du volcan Pyramid, probablement a partir du me me 
cratere qui avait emis les depots pyroclastiques precurseurs. Le 
magma qui avait edifie ce premier dome du volcan Pyramid 
avait deja un caractere partiellement cristallin avant d'atteindre 
la surface. Etant donne qu'a presque 40 % de son volume, il 
etait compose de cristaux feldpathiques solides, les laves 
etaient trop visqueuses pour engendrer des coulees. Au lieu de 
se repandre, les laves ont dG sourdre de I'event pour former 
un dome de I km de large et de 400 m de haul. Des ecailles 
et plaques se sont detachees de la surface fumante du dome en 
formation, et ont cree une nappe alluviale peripherique compo
see de debris oxydes de couleur brune. Une partie de ces depots 
ont ete ensevelis sous la masse en expansion, mais aucune vraie 
coulee de lave n'a progresse au-dela des bords du dome. 

Une periode de tranquilite a marque la periode entre 
I'eruption du dome Pyramid et la principale phase suivante 
d'activite du volcan Pyramid. Durant cette epoque, des debris 
arraches par I' erosion au volcan Pyramid ont ete etales par des 
cours d'eau locaux a la surface du plateau environnant (fig. 
106) et plus au sud, un grand champ de glace a commence a 
progresser en dehors des hautes-terres d' Armadillo. Au 
moment ou I 'activite volcanique a repris, et ou s'est manifestee 
['eruption du dome Sphinx, Ie front glaciaire avait progresse 



magma may have erupted under ice . As the Sphinx dome 
was enlarged by successive effusions of viscous rhyolite, 
a body of water, Tut lake, was ponded between the grow
ing dome and the ice field along its southern margin 
(Fig. 109). Extrusion of lava was accompanied by minor 
bursts of pyroclastic activity during which pumice, incan
descent blocks, and lapilli were discharged . Part of this 
material fell into Tut lake and settled to form evenly bed
ded, and graded lacustrine deposits. Much of the pumice 
that fell onto surrounding areas of land and ice was also 
flushed by running water into the lake, where it accumu
lated in chaotic deposits, mixed with foreign blocks, peb
bles and boulders stripped from the old plateau surface. 
Molten globules of magma, thrown into the lake or onto 
adjacent ice, were quenched to a dense, uniform glass with 
closely spaced thermal shock fractures . Disintegration of 
these "crackled" vitreous globules released polygonal, 
fracture-bounded granules of obsidian 1-2 cm across. 
These accumulated in lenses and thin beds throughout the 
lacustrine deposits. 

By the time Sphinx activity ceased, the dome had 
grown to an elongated ridge of rhyolite over 5 km across 
and 800 m high. Its northeastern edge lapped against and 
partly covered the older dome of The Pyramid and a broad 
delta of pumice and alluvial deposits extended from the 
southern slope of the dome to the shores ofTut lake. South 
of the lake rhyolite magma began to issue from a new 
vent beneath the growing mantle of glacier ice. As this 
new pile expanded to form Pharaoh dome its outer edge 
was quenched in the moat of meltwater separating it from 
the surrounding ice and in the remnants ofTut lake pond
ed along its northern edge (Fig . III). Where the rhyolite 
lava entered water it fractured and spalled into glassy frag
ments and blocks to form a chaotic pile of tuff-breccia 
churned by violent boiling and phreatic steam explosions. 
Later flows spread out over the peripheral pile of tuff
breccia and ultimately built Pharaoh dome above the lev
el of the surrounding ice. 

For a short time after its final eruption Pharaoh dome 
stood as a steaming nunatak projecting above the surface 
of a vast ice field, but ultimately it too was buried by ice. 
As glaciers of the Central Highlands expanded and merged 
with lobes of ice flowing out of the Coast Mountains the 
region entered a major period of glaciation, a period dur
ing which the dormant volcanoes of the Mount Edziza Vol
canic Complex would yield to the eroding power of a 
regional ice sheet. 

SUMMARY/SOMMAIRE 

vers Ie nord, jusqu 'au dome du volcan Pyramid, et il se peut 
que I' emission de magma du volcan Sphinx se soit produite au
dessous de la glace. Alors que des effusions successives de 
rhyolite visqueuse agrandissaient Ie dome du volcan Sphinz, un 
plan d'eau, Ie lac Tut, a ete forme par Ie barrage naturel 
existant entre Ie dome qui se developpait, et Ie champ de glace 
bordant sa marge sud (fig. 109). L'extrusion des laves a ete 
accompagnee de manifestations peu importantes d'activite 
pyroclastique, durant lesquelles ont ete emis de la pierre ponce, 
des blocs incandescents et des lapilli. Ces materiaux sont 
retombes en partie dans Ie lac Tut, ou ils ont formes, en se 
deposant, des sediments lacustres uniformement lites et grano
classes. Une grande partie de la pierre ponce retombee dans 
la region environnante, soit au sol, soit sur la glace, a aussi 
ete entra'inee par les eaux courantes jusque dans Ie lac, ou elle 
s'est accumulee sous forme de depots chaotiques, meles a des 
blocs, galets et pierres de grande taille arrachees a la surface 
de l'ancien plateau. Des globules fondus de magma, projetes 
dans Ie lac ou sur la glace adjacente, ont ete brusquement 
refroidis, et ont donne un verre dense et uniforme caracterise 
par des fractures de choc thermique, tres rapprochees. La desa
gregation de ces globules vitreux «disloques» a libere des 
granules palagonitiques d'obsidienne , limites par des fractures, 
et dont la tail Ie atteignait de I a 2 cm. Ces granules se sont accu
mules en formant des lentilles et de minces couches dans 
l'ensemble des depots lacustres. 

A I' epoque ou I' activite du volcan Sphinx a pris fin, Ie 
dome avait grandi jusqu'a devenir une crete allongee de rhyo
lite de plus de 5 km de large et 800 m de haul. Son bord nord-est 
effleurait ou couvrait partiellement I 'ancien dome du volcan 
Pyramid , et un vaste delta de depots de pierre ponce et depots 
alluviaux s'etendait de la pente sud du dome jusqu'aux rives 
du lac Tut. Au sud du lac, un magma rhyolitique a commence 
as' echapper d' un nouvel event situe au-desssous du manteau 
de plus en plus epais de glace de glacier. A mesure que ce nou
vel amas s'elargissait pour donner Ie dome Pharaoh, son bord 
exterieur a ete brusquement refroidi dans Ie fosse rempli d'eau 
de fonte qui Ie separait de la glace environnante, et dans les 
vestiges du lac Tut, endigue Ie long de son bord septentrional 
(fig. III). La ou la lave rhyolitique avait penetre dans l'eau, 
elle s'etait fracturee et debitee en fragments vitreux et desagre
gee en blocs, formant ainsi un amas chaotique de breche tufa
cee , agite par des bouillonnements violents et par des 
explosions phreatiques. Plus tard, les coulees se sont repandues 
sur I 'amas peripherique de breche tufacee, et ont fini par edifier 
Ie dome Pharaoh au-dessus du niveau de la glace environnante. 

Pendant un certain temps apres son eruption finale, Ie 
dome Pharaoh accus(lit la forme d'un nunatak fumant qui emer
geait de la surface d'un vaste champ de glace, mais les glaces 
ont finalement reussi a lui aussi l'ensevelir. A mesure que les 
glaciers des hautes-terres centrales s'agrandissaient et fusion
naient avec des lobes de glace s'ecoulant des cha'inons cotiers, 
la region a commence a connaitre une grande periode de glacia
tion, durant laquelle les volcans inactifs du complexe volcani
que de Mount Edziza allaient etre soumis aux forces d'erosion 
exercees par un inlandsis regional. 
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Ice Peak Formation. The regional ice sheet which co
vered the volcanic complex in post-Pyramid time had start
ed to recede long before the onset of Ice Peak volcanism. 
Large areas of the old plateau were ice-free, covered by 
till, recessional moraine and glacial-fluvial gravel, deposit
ed behind the retreating ice. The first Ice Peak lava issued 
from a vent on the south flank of Sphinx dome, where 
residual ice still mantled the upper ridges and eastern 
slopes. During this early phase of activity glacial melt
water, mixed with newly erupted pyroclastic debris, gla
cial deposits and older colluvium, produced debris flows 
or lahars. These highly mobile slurries , carrying suspended 
blocks of solid rock, sped down radial valleys and deposit
ed chaotic debris flows on the eastern side of the complex. 

With each eruption the central edifice of Ice volcano 
was enlarged and successive flows spread farther and far
ther across the old glaciated surface (Fig. 118). Where 
glaciers were encountered, narrow meltwater lakes formed 
between the ice and the advancing lava front. Lava enter
ing these lakes was quenched to form pillow lava and tuff
breccia, displacing the meltwater pond and the ice front 
progressively farther down slope (Fig. 122). But most of 
the Ice Peak activity was subaerial and centred around 
a cluster of vents near the present summit of Ice Peak. 
During its long period of activity Ice volcano erupted a 
variety of lava types. Viscous lava of intermediate com
position piled up around the vent area in thick flows and 
domes which form the steep, upper part of the cone 
(Fig. 119). More fluid, basaltic lava streamed down the 
steeper slopes and spread in thin sheets across the gently 
sloping surface of the surrounding plateau. Periods of 
activity were separated by periods of dormancy during 
which glaciers formed on the upper slopes and meltwater 
streams spread alluvial fans of gravel and redeposited 
tephra onto the surrounding shield. At the zenith of its 
growth Ice volcano was a beautifully symmetrical com
posite cone that rose to a small summit crater over 8000 ft 
(2400 m) high. Three thick, steep-sided lobes of blocky 
trachytic lava extended from satellitic domes on its west
ern flank and beyond them sinuous flows of ropy basalt 
formed the barren surface of the surrounding shield . 

South of Ice volcano, in the deeply dissected terrain 
west of Armadillo Highlands, two much smaller volca
noes, Camp Hill and Cache Hill (Fig. 118), were formed 
during Ice Peak time. Camp Hill, like Ice volcano itself, 
first erupted when remnants of glacier ice still covered 
parts of the plateau (Fig. 132). A circular meltwater pond 
formed in the ice above the vent and lava entering it was 
quenched , fractured and churned by repeated phreatic ex
plosions . The resulting debris built a broad, circular tuff
cone which eventually grew above the level of the ponded 
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Formation d'lce Peak. L'inlandsis regional qui recouvrait Ie 
complexe volcanique apres l'intervalle de Pyramid avait com
mence a reculer bien avant Ie commencement du vo1canisme 
du pic Ice. De vastes zones de I'ancien plateau etaient libres 
de glaces et recouvertes de till, d'une moraine de retrait et de 
graviers fluvio-glaciaires, deposes au fur et a mesure que recu
lait la glace. Les premieres laves du pic Ice ont ete emises par 
un event volcanique situe sur Ie flanc sud du dome Sphinx, ou 
de la glace residuelle enveloppait encore les cretes les plus 
hautes et les versants orientes vers I' est. Durant cetle phase 
initiale d'activite, les eaux de fonte des glaciers, melees a des 
debris pyroclastiques nouvellement emis, a des depots glaciai
res et a des colluvions anciennes, ont produit des coulees de 
debris ou lahars. Ces boues tres mobiles, qui entra'inaient des 
blocs de roche solide, ont devale les pentes des val lees radiales 
et ont laisse des coulees de debris chaotiques sur Ie versant est 
du complexe. 

A chaque eruption, I'edifice central du volcan Ice s'est 
agrandi, et les coulees successives se sont repandues de plus 
en plus loin sur I'ancienne surface recouverte par les g\aces 
(fig. lIS). La ou ces coulees ont rencontre les glaciers, des lacs 
etroits d'eau de Fonte se sont constitues entre la glace et Ie front 
des laves en progression. Les laves penetrant dans ces lacs ont 
ete soudainement refroidies, et ont ainsi forme des laves en 
coussins et des breches tufacees, et deplace la mare d'eau de 
fonte et Ie front glaciaire progressivement plus en aval de la 
pente (fig. 122). Toutefois, la majeure partie de I'activite vol
canique dans la region du pic Ice etait de nature subaerienne, 
et centree sur un groupe de crateres proches du sommet actuel 
du pic Ice. Durant sa longue periode d'activite, Ie volcan Ice 
a emis divers types de laves. Des laves visqueuses de composi
tion intermediaire se sont accumulees autour du cratere en 
epaisses coulees et domes qui constituent la partie fortement 
inclinee et superieure du cone (fig. 119). Des laves basaltiques 
plus fluides, se sont ecoulees Ie long des pentes les plus raides, 
et se sont etalees en nappes sur la surface doucement inclinee 
du plateau environnant. Les periodes d'activite vo1canique ant 
ete interrompues par des periodes d'inactivite, durant lesquel
les les glaciers formes sur les pentes superieures et les torrents 
d'eau de fonte ont cree des cones alluviaux de graviers et rede
pose des tephra sur Ie bouclier environnant. Au zenith de sa 
croissance, Ie volcan Ice presentait un cone composite parfaite
ment symetrique, qui s'elevait jusqu'a un petit cratere sommi
tal depassant SOOO pi. (2 400 m) d'altitude. Trois lobes epais, 
a pentes raides et composes de laves trachytiques blocailleuses, 
partaient de domes satellites construits sur son flanc ouest et 
au-dela, des coulees sinueuses de basalte corde couvraient la 
surface desolee du bouctier environnant. 

Au sud du volcan Ice, dans Ie terrain fortement disseque 
situe it I 'ouest des hautes-terres d' Armadillo, deux vo1cans 
beaucoup plus petits, ceux de la colline Camp et de la colline 
Cache (fig. 118), ont pris naissance durant I'epoque d'activite 
volcani que du pic Ice . La colline Camp, com me Ie volcan Ice 
lui-meme, a fait eruption pour la premiere fois alors que la 
glace de glacier residuelle recouvrait encore des parties du pla
teau (fig. 132). Une mare circulaire d'eau de fonte s'est formee 
dans la glace au-dessus de I' event, et les laves penetrant dans 



water. Subsequent eruption of subaerial fire fountains built 
a relatively steep-sided pyroclastic cone on top of the tuff 
ring. Before Camp Hill activity ceased, the surrounding 
ice had receded and lava flows spread in thin sheets to 
build a small shield on top of the glacial deposits. 

By the time Camp Hill erupted, glacier ice had retreat
ed into the highlands, and gravel, carried by swift melt
water streams, was being deposited on thick alluvial fans 
and aggrading bars in the more gently sloping main val
leys. The first Cache Hill lava issued from a vent in the 
broad valley of a northwesterly flowing river on the west 
side of Armadillo Highlands. The flows spread across the 
valley, damming the river and ponding a small lake above 
the lava dam. Later, southeasterly directed flows entered 
the lake forming pillow lava and tuff-breccia, whereas 
northwesterly directed flows spread in thin sheets across 
dry gravel bars below the dam . Cache Hill activity con
tinued until a small, intermontane shield filled the old val
ley and forced the river into a new, more westerly, course. 

The long period of Ice Peak volcanism was accom
panied by the waxing and waning of alpine glaciers which 
cut deep cirques into the summit of Ice volcano even dur·· 
ing its active period. By the time Ice Peak activity ceased, 
between 0.5 and I million years ago, the advancing sum
mit glaciers of Ice volcano had merged with those of the 
Armadillo Highlands and spread out across the low shields 
of Cache Hill and Camp Hill . The culmination of this gla
cial advance was part of a regional Pleistocene ice sheet 
and, once again, the volcanoes of the Mount Edziza Vol
canic Complex were shrouded in a thick mantle of glacier 
ice. 

Pillow Ridge Formation. The symmetrical cone of Ice 
volcano was already sheathed in a mantic of glacier ice 
when the final surge of lava issued from satellitic vents 
on its western flank . The thick, ice-ponded flows of this 
climactic eruption momentarily held back the advancing 
glaciers and then, they too were enveloped by the rising 
tide of ice. At the climax of the ir advance, about a million 
years ago, the glaciers had merged into a vast, regional 
ice sheet. Only the highest peaks rose above its nearly 
flat surface which stood at an elevation of at least 7500 
ft (2285 m) 

SUMMARY/SOMMAIRE 

cette mare ont ete brusquement refroidies , fracturees et bras
sees par des explosions phreatiques repetees. Les debris resul
tants ont edifie un vaste cone circulaire compose de tufs, qui 
a fini par s'elever au-dessus du niveau des eaux endiguees . Les 
eruptions ulterieures de fontaines de laves incandescentes, au
dessous de la surface de reau, ont edifie un cone pyroclastique 
a versants relativement raides au sommet de I'anneau de tufs. 
Avant les dernieres phases d'activite de la colline Camp, les 
glaces environnantes avaient recule et 1es coulees de lave s'eta
laient en minces nappes, qui ont construit un bouctier de faible 
etendue au sommet des depots glaciaires. 

Au moment de I'eruption du vol can de la colline Camp, 
la glace de glacier s'etait retiree jusque dans les hautes-terres, 
et les graviers, entraines par les torrents d'eau de fonte , se sont 
deposes sur d'epais cones alluviaux et banes alluviaux, dans les 
val lees principales a pente plus douce. Les premieres laves du 
volcan de la colline Cache ont ete emises par un event situe 
dans la vaste vallee d' un cours d ' eau s' ecoulant vers Ie nord
ouest, du cote ouest des hautes-terres d' Armadillo. Les coulees 
se sont repandues dans la vallee, bloquant 1e cours d'eau et 
permettant la formation d 'un petit lac au-dessus d 'un barrage 
nature I de lave. Plus tard, des coulees de direction sud-est ont 
penetre dans Ie lac en formant des laves en coussins et breches 
tufacees, tandis que des coulees de direction nord-ouest se sont 
etalees en minces nappes sur des bancs de gravier secs, au
dessous du barrage nature!. L'activite du vol can de la colline 
Cache s'est poursuiviejusqu'a ce qu'un petit bouclier d'entre
mont ait comble I'ancienne vallee, et devie Ie cours d'eau dans 
une nouvelle direction, plus a I 'ouest. 

La longue periode d'activite volcanique du pic Ice a ete 
accompagnee de I' avancee et du recu I des glaciers alpins qui 
ont entaille de profonds cirques dans Ie sommet du volcan Ice, 
meme durant la periode d'activite de ce volcan. Au moment 
ou I'acitivite volcanique du pic Ice a pris fin, soit il y a entre 
0,5 et I million d'annees, les glaciers sommitaux en progres
sion du volcan Ice avaient fusionne avec ceux des hautes-terres 
d' Armadillo, et s'etalaient sur les boucliers peu eleves des col
lines Cache et Camp . Le point culminant de cette avancee gla
ciaire a correspondu a I 'apparition d'un inlandsis regional 
d'age pleistocene qui, une fois encore, a enseveli les volcans 
du complexe volcanique du mont Edziza sous un epais manteau 
de glace de glacier. 

Formation de Pillow Ridge. Le cone symetrique du volcan 
Ice etait deja enveloppe d 'un manteau de glace de glacier, 
lorsqu'a eu lieu la derniere emission de lave a partir d'events 
sate II ites situes sur Ie flanc ouest de ce volcan. Les coulees 
epaisses, obstruees par les glaces, de cette ultime eruption ont 
momentanement empeche la progression des glaciers, puis ont 
ete, elles aussi, submergees par la crue des glaciers . Au point 
culminant de leur avancee, il y a environ I million d'annees, 
les glaciers avaient fusionne en un vaste inlandsis regional. 
Seuls les pics les plus eleves se dressaient au-dessus de sa sur
face presque plane, qui atteignait une altitude d'au moins 
7500 pi (2285 m) . 
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The dormant summit of Ice volcano was, for a time, 
the only visible evidence of the volcanic complex that lay 
sealed beneath the ice sheet. But deep in the earth's crust, 
far below the ice-covered volcanoes, a column of basaltic 
magma was rising through fractures toward the surface. 
The ice sheet was still near its maximum thickness when 
the first of this magma issued from a vent on the north 
slope of Ice volcano. Molten basalt, at a temperature of 
over looooe was injected into the base of the ice sheet 
and the quenched lava was ripped apart by violent steam 
explosions. As the shattered debris accumulated around 
the vent to form a growing pile of tuff-breccia a melt
water cavity was thawed at the base of the ice (Fig. 138, 
144). At the surface the first eruption was heralded by 
a burst of steam from crevasses on the ice and later by 
surges of black, ash-laden water as meltwater was replaced 
and forced to the surface by basalt entering subglacial cavi
ties . As the tuff-breccia pile and enclosing meltwater cavity 
grew larger the ice above them sagged to form a water
filled depression at the surface. The resulting lake, filled 
with floating blocks of ice and churned by violent phreat
ic explosions must ultimately have grown to a length of 
over 4 km . Within it , the pile of tuff-breccia and pillow 
lava continued to enlarge with each successive eruption 
until its summit rose above the lake surface. And for a 
brief period, near the end of Pillow Ridge activity, this 
small island, in a lake surrounded by ice, was the site of 
incandescent fire fountains and lava flows. 

Not all of the magma in the deep conduit system was 
expelled during the initial series of eruptions that built 
Pillow Ridge. The remaining portion, modified by par
tial crystallization, was erupted later to form the small, 
nearby pile of Tsekone Ridge (Fig . 138, 139). The ice 
sheet still stood at least 215 m above the plateau when 
Tsekone Ridge erupted. There is no evidence that it ever 
grew above the ice surface but its history and eruptive 
environment were otherwise similar to Pillow Ridge. 

£dziza Formation. The ice sheet that covered the entire 
Stikine region during the Pillow Ridge and Tsekone erup
tions had receded, at least from the upper slopes and sur
rounding plateau of the volcanic complex, before the next 
major episode of volcanic activity. The glacially scoured 
slopes of Ice volcano lay bare beneath its craggy, crescent
shaped summit where a deep cirque opened into the east
ern side of the breached crater. On the north side of Ice 
volcano the narrow black crest of Pillow Ridge sloped 
down toward the plateau, almost to the base of the isolat
ed, 600 ft (180 m) high mound of Tsekone Ridge. High 
on the north slope of Ice volcano, near the southeastern 
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Le sommet inactif du volcan Ice a ete pendant un certain 
temps Ie seul indice visible de I 'existence du complexe volcani
que qui gisait enseveli sous I'inlandsis . Mais au sein de la 
croGte terrestre, bien au-dessous des volcans couverts par les 
glaces, une colonne de magma basaltique remontait Ie long des 
fractures jusqu'3 la surface. L' inlandsis atteignait encore pres
que son epaisseur maximale, lorsque la premiere emission de 
ce magma a eu lieu 3 partir d'un event situe sur Ie versant nord 
du volcan Ice. Du basalte en fusion dont la temperature de pas
sait 1000 °e s'est trouve injecte dans la base de I'inlandsis, et 
la lave ainsi brutalement refroidie a ete fragmentee par de 
violentes explosions phreatiques. A mesure que s'accumulaient 
les debris de I'explosion autour de I 'event, en formant un amas 
de plus en plus eleve de breches tufacees , une cavite remplie 
d ' cau de fonte s' est formee 3 la base de la glace (fig. 138, 144) . 
A la surface, la premiere explosion s'est manifestee par un jail
lissement de vapeur issu des crevasses traversant la glace , et 
plus tard par des torrents d 'eau noire chargee de cendres , 3 
mesure que I 'eau de fonte etait remplacee et repollssec en sur
face par Ie basalte penetrant dans des cavites sous-glaciaires. 
A mesure que croissaient I'edifice de breche tufacee et la cavite 
environnante occupee par les eaux de fonte, la glace sus-jacente 
s'affaissait de fac;on 3 former une depression superficielle rem
plie d 'eau . Le lac ainsi forme, plein de blocs de glace flottante 
et agite par de violentes explosions phreatiques, a sans doute 
fini par atteindre une longueur de plus de 4 km . A l'interieur 
de ce dernier, I 'amas de breches tufacees et de laves en coussins 
a continue 3 s'agrandir chaque fois que se produisait une erup
tion, jUSqu'3 ce que son sommet emerge de la surface du lac . 
Pendant un cours intervalle de temps, alors que l'activite du 
volcan de la crete Pillow tirait 3 sa fin, cet 1I0t, situe dans un 
lac entoure de glaces, a ete embrase par des jaillissements de 
produits incandescents et des coulees de lave. 

Une partie du magma se trouvant dans Ie profond reseau 
de conduits volcaniques n'a pas ete ejectee durant la serie ini
tiale d'eruptions qui ont edifie la crete Pillow. Le reste du 
magma, modifie par cristallisation fractionnee, a plus tard ete 
libere par une eruption qui a forme I'edifice proche et de petite 
taille de la crete Tsekone (fig. 138, 139) . L'inlandsis dominait 
encore d'au moins 215 m Ie plateau , lorsqu'a eu lieu I'eruption 
du volcan de la crete Tsekone. II ne semble pas que ce volcan 
ait jamais emerge de la surface des glaces, mais son evolution 
et Ie milieu dans lequel se sont deroulees ces eruptions etaient 
par ailleurs semblables 3 ceux caracterisant Ie volcan de la crete 
Pillow. 

Formation d'£dziza. L' inlandsis qui recouvrait toute la 
region de Stikine durant les eruptions des volcans des cretes 
Pillow et Tsekone avait recule, du mains des pentes superieures 
du complexe volcanique et du plateau environnant, avant 
I'importante manifestation ulterieure d'activite vo1canique. 
Les pentes du volcan Ice affouillees par les glaces , et d'aspect 
desole, etaient dominees par son sommet rocailleux , en forme 
de croissant, au niveau duquel un cirque profond s'ouvrait sur 
Ie versant est du cratere erode. Du cote nord du volcan Ice, 
l'etroite crete noire du volcan de la crete Pillow descendait en 
pente vers Ie plateau, presque juSqu'3 la base du monticule de 
600 pi (180 m) d'altitude que constituait la crete Tsekone; sur 



end of Pillow Ridge, a bulge of steaming rubble heralded 
the birth of a new volcano. Viscous trachyte magma, forc
ing its way into the base of the bulge, about 900,000 years 
ago, was the first of many surges of trachyte that ulti
mately built the present, symmetrical cone of Mount Ed
ziza (Fig. 150). During its long history of activity the 
effusion of trachyte flows and steep-sided domes was punc
tuated by vent-clearing explosions. Blocks torn from the 
conduit were thrown, along with tephra and bombs, onto 
the flanks of the growing cone and later buried by flows 
that welled over the crater rim. Most of this activity was 
concentrated in the summit area but at least two satellite 
vents erupted near the base. A small pyroclastic cone on 
the northwest flank was the source of a relatively fluid 
trachyte flow that spread onto the plateau, burying the 
lower slopes of Pillow Ridge and nearly surrounding 
Tsekone Ridge. Similar trachyte issued from a vent on 
the northeast flank and spread in thin flows m.:ross the gent
ly sloping plateau (Fig . 164). This vent was later occupied 
by a plug of viscous trachyte that welled out to form the 
steep-sided monolith of Glacier Dome (Fig. 163, 164). 

At the zenith of its growth Mount Edziza rose to a 
small crater at least 2000 ft. (610 m) higher than the pres
ent 3 km wide, basin-shaped summit. The original sum
mit was probably destroyed during a violent, climactic 
eruption-part of it was shattered and blown onto the flanks 
of the truncated cone and part of it foundered into the newly 
formed crater (Fig. 156). The summit collapse was 
followed by a prolonged period of hydrothermal activity . 
Steam, sulphurous gases and hot, acidic water streamed 
through the broken rocks of the central conduit, altering 
them to clay and other secondary minerals. The plume 
of vapour that rose from the summit was punctuated by 
minor phreatic explosions that fractured and refractured 
the rocks of the central conduit. 

During the waning stages of hydrothermal activity 
a final surge of lava issued from a vent on the southeast 
crater rim. Part of it spread onto the outer surface of the 
cone, building the circular mound of Nanook Dome 
(Fig. 158), and part of it flowed into the crater and was 
ponded in lava lakes that sealed the fuming vent (Fig. 155) . 
Soon after the summit lava had consolidated a small phreat
ic explosion blew away a portion of the eastern crater rim, 
providing a new vent for escaping gases, and opening the 
initial scar that erosion would gradually enlarge into the 
present immense amphitheatre of Tenchen cirque (Fig. 
152). 

SUMMARY/SOMMAIRE 

Ie haut du versant nord du volcan Ice, pres de l'extremite sud
est de la crete Pillow, un monticule de debris fumants annont;:ait 
la naissance d'un nouveau volcan. Un magma trachytique vis
queux, se frayant un chemin dans la base de ce monticule, il 
y a environ 900000 annees, a donne lieu a la premiere des 
nombreuses emissions de trachyte, qui ont fini par edifier Ie 
cone actuel et symetrique du mont Edziza (fig. 150) . Durant 
sa longue histoire d 'activite volcanique, I 'effusion de coulees 
trachytiques et la formation de domes a versants raides ont ete 
parfois marquees par des explosions qui ont degage les events . 
Les blocs arraches 11 la cheminee volcanique ont ete projetes, 
en meme temps que des tephra et bombes volcaniques, sur les 
flancs du cone en developpement, et plus tard ensevelis par des 
coulees qui ont deborde du cratere. La majeure partie de cette 
activite se concentrait dans la region sommitale, mais au moins 
deux events satellites ont fait eruption pres de la base. Un petit 
cone pyroclastique situe sur Ie flanc nord-ouest a ete la source 
d'une coulee trachytique relativement fluide qui s'est deversee 
sur Ie plateau , ensevelissant les pentes inferieures de la crete 
Pillow et entourant presque completement la crete Tsekone. Un 
event situe sur Ie flanc nord-est a em is un trachyte similaire, 
qui s'est repandu en minces coulees sur Ie plateau en pente 
douce (fig. 164). Cet event a plus tard ete comble par un bou
chon de trachyte visqueux, qui a forme, en s'epanchant, Ie 
monolithe 11 versants raides du dome Glacier (fig. 163, 164). 

Au zenith de sa croissance, Ie mont Edziza s'est agrandi 
jusqu'a former un petit cratere d'au moins 2000 pi (610 m) plus 
eleve que Ie sommet actuel en forme de bassin de 3 km de large. 
Le sommet original a probablement ete detruit durant une erup
tion climatique particulierement violente - une partie du som
met a ete detruite, la violence de I 'explosion projetant les 
fragments sur les flancs du cone tronque, tandis que Ie reste 
du sommet s'effondrait dans Ie cratere nouvellement forme 
(fig. 156). L'effondrement du sommet a ete suivi d'une periode 
prolongee d'activite hydrothermale. De la vapeur, des gaz sul
fureux et des eaux chaudes et acides circulaient 11 travers les 
roches fragmentees du conduit central, en les transformant en 
argile et en autres mineraux secondaires . Le panache de vapeur 
qui s'est eleve du sommet a ete parfois interrompu par des 
explosions phreatiques mineures qui ont fracture et refracture 
les roches du conduit volcanique central. 

Durant les dernieres phases d 'activite hydrothermale, a eu 
lieu une emission finale de lave 11 partir d 'un event situe sur 
Ie bord sud-est du cratere. Cette lave s ' est en partie etalee sur 
la surface exterieure du cone, en edifiant Ie monticule circu
laire du dome Nanook (fig. 158); elle s'est en partie ecoulee 
dans Ie cratere, OU elle a forme des lacs de lave qui ont obture 
I'event fumant (fig. 155). Peu apres la consolidation des laves 
du sommet , une petite explosion phreatique a detruit et projete 
une partie du bord est du cratere, creant ainsi un nouvel event 
par ou pouvaient s'echapper les gaz, et ouvrant la cicatrice in i
tiale qui, agrandie par I ' erosion, allait devenir I'immense 
amphitheatre que constitue maintenant Ie cirque Tenchen (fig. 
152). 
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Klastfine formation. The newly formed cone of Mount 
Edziza lay dormant beneath a mantle of alpine glaciers 
when basaltic lava of the Klastline Formation began to 
pour from vents along its northern flank . The present drain
age system had already been established and the massive 
effusion of lava was channelled into the valleys of Kakid
di Creek and Klastline River, and onto the hummocky bot
tomland around Buckley Lake (Fig. 172) . At least three, 
and possibly as many as six separate centres were active 
during Klastline time and each pulse of activity produced 
a surge of fluid magma which spread in thick flows up 
to 25 km long. The effusion of lava was accompanied by 
minor fire fountaining and construction of small pyroclastic 
cones around subaerial vents on the lower shield. But one 
vent, near an alpine glacier at the head of Pyramid Creek 
(Fig. 174), was repeatedly flooded by meltwater. The 
resulting stcam produced phreatic explosions that threw 
out towering columns of ash and small cinders. This 
material, saturated with water from the condensing steam, 
accumulated around the vent to form a broad, complexly 
bedded tuff cone. Lava from this same vent coursed down 
into Kakiddi Valley, damming the creek and flowing north 
across thc dry gravel bars to the confluence with Klast
line Valley . There a second lava dam temporarily blocked 
Klastline River and ponded a large, shallow lake in the 
upper part of the valley. But more lava continued to pour 
from the vent. Part of it spilled off the eastern edge of 
the lava dam and was quenched in the ponded water to 
form pillow structures and breccia . Most of it streamed 
west and advanced for at least another 19 km down the 
narrow valley of Klastline River. 

Arctic Lake Formation. At about the same time that lava 
began streaming into Klastline Valley from vents north 
of Mount Edziza two small volcanoes were born far to 
the south, on Arctic Plateau (Fig. 177). This nearly flat 
upland surface, perched between the deep canyon of Mess 
Creek on the west and the precipitous front of the Spec
trum Range on the east, had been dormant for almost two 
million years when lava began to issue from the new 
centres. At the extreme northern end of the plateau , basaltic 
lava poured from a fountaining vent near the western edge 
of the Spectrum Range (Fig. 177). Westerly flowing 
streams were blocked by the growing pile of lava and 
bombs, which ultimately rose more than 1000 ft (300 m) 
above the plateau surface to form the composite cone of 
Outcast Hill (Fig. 178). A temporary lake was ponded 
against its eastern side and lava entering this was quenched 
to form pillows and tuff-breccia. Most of the lava from 
Outcast Hill flowed west, across alluvial fans, toward Mess 
Creek Escarpment. 
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Formation de Klasline. Le cone nouvellement forme du 
mont Edziza ne donnait aucun signe d'activite sous Ie manteau 
de glaciers alpins qui Ie recouvrait, lorsque les laves basalti
ques de la formation de Klastine ont commence a s'echapper 
d 'events situes Ie long de son flanc nord . Le reseau hydrogra
phique actuel etait deja bien etabli, et les effusions massives 
de lave ont ete canal isees dans les vallees du ruisseau Kakiddi 
et de la riviere Klastine, et dans la plaine d'inondation d'aspect 
bossele qui environne Ie lac Buckley (fig. 172). Au moins trois 
et peut -etre me me six centres volcaniques distincts etaient 
actifs durant I'intervalle de Klastine, et chaque manifestation 
d'activite a produit un epanchement de magma fluide qui s'est 
etale en epaisses coulees pouvant atteindre 25 km de long . 
L'effusion de laves a ete accompagnee de petites fontaines de 
laves incandescentes , et de I'edification de petits cones pyro
clastiques autour des events subaeriens du boucl ier inferieur . 
Mais un event, proche d'un glacier alpin a la source du ruisseau 
Pyramid (fig. 174), a ete a plusieurs reprises inonde par des 
eaux de fonte. La vapeur ainsi produite a donne lieu a des 
explosions phreatiques qui ont projete des colonnes gigantes
ques de cendres et petites scories. Ces produits, satures d'eau 
par la condensation de la vapeur, se sont accumules autour de 
I 'event et ont forme un large cone de tufs a litage complexe. 
Les laves provenant du me me event se sont rapidement dever
sees dans la vallee du ruisseau Kakiddi, obstruant ce ruisseau 
et s'ecoulant vers Ie nord a travers les bancs de gravier secs, 
jusqu 'a la confluence du ruisseau Kakiddi et de la vallee de la 
riviere Klastinc. A cet endroit, un second barrage de lave a 
temporairement endigue la riviere Klastine, et cree un vaste lac 
peu profond dans la partie superieure de la vallee . Mais I'event 
a continue a deverser encore plus de lave. Une partie de cette 
lave a deborde a I 'est de l'endiguement et, brusquement refroi
die dans Ie lac de barrage naturel, a forme des structures en 
coussins et des breches. La majeure partie de la lave s'est diri
gee vers I 'ouest et a progresse sur au moins 19 km de plus, 
suivant Ie cours de I'etroite vallee de la riviere Klastine. 

Formation d'Arctic Lake. A peu pres a I'epoque ou les laves 
ont commence a s'ecouler dans Ja vallee de la riviere Klastine 
a partir d 'events situes au nord du mont Edziza, deux petits vol
cans sont apparus loin au sud, sur Ie plateau Arctique (fig. 
177). Celie surface elevee, presque plane, perchee entre Ie 
canyon profond du ruisseau Mess a I'ouest et Ie front abrupt 
du chal'non Spectrum a I 'est, etait demeuree inactive pendant 
presque deux millions d' annees, lorsque les laves ont com
mence a s'echapper des nouveaux centres d'eruptions. Tout a 
fait 11 I 'extremite nord du plateau, des laves basaltiques ont jaill i 
d'un event proche du bord ouest du chal'non Spectrum (fig. 
177). Des cours d' eau orientes vers I' ouest ont ete obstrues par 
I'amas grandissant de lave et de bombes volcaniques, qui fina
lement s'est dresse plus de 1000 pi (300 m) au-dessus de la sur
face du plateau, et a ainsi mene a la formation du cone 
composite de la colline Outcast (fig. 178). Un lac temporaire 
de barrage naturel a pris naissance contre son versant est, et 
les laves qui s 'y deversaient, brutalement refroidies, ont forme 
des coussins et des breches tufacees. La majeure partie des 
laves provenant de la colline Outcast se sont ecoulees vers 
I 'ouest, en traversant des cones de dejection, en direction de 
I'escarpement dominant Ie ruisseau Mess. 



Four kilometres south of Outcast Hill a second vent 
opened near the crest of a small hill on the plateau. The 
old hill, a 600 ft. (180 m) high erosional remnant of Spec
trum trachyte, was almost completely buried by the youn
ger composite cone of Tadekho Hill which was built over 
it. The Tadekho flows spread onto the plateau, forming 
a small shield that overlapped the distal flows from Out
cast Hill. 

The eruptions that built Outcast Hill and Tadekho Hill 
were the first in a long series of eruptions from many 
different centres on Arctic Plateau. When the activity be
gan the plateau was relatively ice-free, but shortly there
after the final advance of Pleistocene glaciation began. 
Glaciers, advancing out of the Spectrum Range, merged 
with ice from the Coast Mountains covering Arctic Plateau, 
along with Outcast and Tadekho hills, beneath at least 
300 m of ice. At the height of this glacial advance a small 
volume of basaltic magma issued from a vent near the 
centre of Arctic Plateau. It thawed a meltwater cavity at 
the base of the ice sheet where it accumulated to form 
Wetalth Ridge, a steep-sided pile of quenched pillow lava 
and tuff-breccia. For a short time a depression formed 
on the surface of the ice above the Wetalth vent and ash 
may have been thrown out by phreatic explosions. But 
the steady, northwesterly flow of ice soon carried away 
the surface scar and began to erode the hidden pile of 
Wetalth lava. 

Before the ice receded at least three more centres 
erupted on the Arctic Plateau (Fig . 177). Knob I and knob 
2 are small mounds of pillow lava which probably erupt
ed beneath the ice during the waning stages of glaciation. 
When only a thin lobe of ice remained in the central part 
of the plateau a massive effusion of lava issued from a 
vent at Source hill. The vent itself lay west of the ice mar
gin, but flows spreading east impinged on the ice and as 
the broad lobe of lava advanced the ice was melted back. 
The resulting torrent of meltwater was channelled south 
along the advancing lava front. Finally the lava itself con
verged into the narrow valley of More Creek, along which 
it advanced for another 4.5 km. 

Glacier ice melted by the Source hill lava was re
established on the flows after the cessation of volcanic 
activity. It advanced almost to the western edge of the 
plateau before stagnating and finally wasting away, leav
ing the scoured surface of the flows covered with moraine, 
drumlins and glacial-fluvial gravel. During this final period 
of ice stagnation a small eruption on the east side of the 
plateau built Thaw cone (Fig . 179). The eruption may have 
produced a flood of meltwater which escaped northwester
ly, across the rock-strewn surface of the stagnating ice. 

SUMMARY/SOMMAIRE 

A 4 km au sud de la colline Outcast, est apparu un second 
event pres de la crete d 'une petite colline qui emergeait du pla
teau. L'ancienne colline, inselberg de 600 pi (180 m) de haut 
compose de trachyte de Spectrum, a ete presque entierement 
ensevel ie par Ie cone composite plus recent de la colline 
Tadekho, qui s'est construit au-dessus d'elle. En se repandant 
sur Ie plateau, les coulees de Tadekho ont forme un bouclier 
de petite tail Ie qui a partiellement recouvert les coulees distales 
en provenance de la colline Outcast. 

Les eruptions qui ont edifie la colline Outcast et la colline 
Tadekho ont ete les premieres d'une longue serie provenant de 
divers centres eruptifs situes sur Ie plateau Arctique. Lorsque 
l'activite a commence a se manifester, Ie plateau etait relative
ment libre de glaces, mais peu apres, a debute I'avancee finale 
de la glaciation du Pleistocene. Les glaciers, qui progressaient 
a partir du chalnon Spectrum, ont fusionne avec les glaces pro
venant de la chaine Cotiere, et ont recouvert Ie plateau Arcti
que, en me me temps que les collines Outcast et Tadekho, d'une 
couche de glace d'au moins 300 m d'epaisseur. A I'apogee de 
cette avancee glaciaire, un petit volume de magma basaltique 
a ete emis par un event proche du centre du plateau Arctique. 
En faisant fondre la glace, ce magma basaltique a cree une 
cavite d'eau de fonte a la base de I' inlandsis et a forme, en s'y 
accumulant, la crete de Wetalth, edifice a versants raides, com
pose de breches tufacees et de laves en coussins formees par 
refroidissement brutal. Pendant un court intervalle de temps , 
est apparue une depression a la surface de la glace au-dessus 
de I 'event de Wetalth, et il est possible que des cendres aient 
ete ejectees par des explosions phreatiques. Mais I' ecoulement 
continu de glace en direction du nord-ouest a efface la cicatrice 
de surface, et commence a eroder I'amas dissimule des laves 
de Wetalth. 

Avant Ie recul des glaces, au moins trois centres eruptifs 
supplementaires se sont manifestes sur Ie plateau Arctique (fig . 
177). Le monticule I et Ie monticule 2, petites eminences de 
laves en coussins, ont probablement ete emises sous la glace 
durant les derniers stades de la glaciation. Alors qu'il ne restait 
qu'un mince lobe de glace dans la partie centrale du plateau, 
un event situe sur la colline Source a emis une quantite conside
rable de lave. L'event lui-meme se trouvait a I'ouest de la 
marge glaciaire, mais les coulees qui s'etalaient vers I'est ont 
empiete sur les glaces, et a mesure que progressait Ie vaste lobe 
de lave, la glace reculait en fondant. Le torrent d'eau de fonte 
ainsi produit s'est dirige vers Ie sud Ie long du front des laves 
en progression. Finalement , les laves elles-memes ont con
verge dans I' etroite vallee du ruisseau More, dans laquelle elles 
ont continue a avancer sur 4,5 km. 

Les glaces de glacier qU'avaient fait fondre les laves de la 
colline Source se sont reconstituees sur les coulees, lorsqu'a 
pris fin I 'activite volcanique. Les glaces ont progresse presque 
jusqu'au bord ouest du plateau, avant de devenir stationnaires 
et finalement de disparaitre, en abandonnant sur la surface des 
coulees qu'elles avaient affouillee, des moraines, drumlins et 
graviers fluvio-glaciaires. Durant cette periode finale de sta
gnation des glaces, a eu lieu une petite eruption sur Ie versant 
est du cone Thaw , edifie sur Ie plateau (fig. 179). 11 est possible 
que I'eruption ait produit une crue d 'eaux de fonte, qui se sont 
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Narrow, deeply incised channelways, cut into the ice by 
the initial surge of meltwater from Thaw cone, continued 
to serve as the main corridors of meltwater discharge dur
ing the final period of glacial wasting . 

By the time the last ice had melted from Arctic Plateau , 
Thaw cone itself had been slightly modified by glacial 
scouring (Fig. 180). A network of converging eskers ex
tended from the quenched base of the cone northwesterly 
across the plateau . Formed of sand and gravel that had 
accumulated within the old meltwater channels, these sinu
ous ridges were deposited on the plateau when the enclos
ing ice melted . Their northwesterly course has been 
abandoned by the present southerly-flowing streams. But 
the eskers, lava flows and eroded cinder cones remain, 
the relics of a dynamic, rapidly changing landscape . 

Kakiddi Formation. About half a million years ago an 
immense, rubble-covered lava flow , almost I km wide 
and 60-90 m thick, advanced slowly down the ancestral 
valley of Sorcery Creek and entered the hummocky 
lowlands of Kakiddi Valley (Fig. 181) . There its expand
ing terminal lobe, fed by a continuing supply of lava, 
welled out onto the flat valley bottom until it covered an 
area of more than 20 km2. If an observer could have fol
lowed the lava stream west toward its source, he would 
have come to several junctions where the stream of lava 
divided into tributary streams, each flowing from some
where still higher on the mist-shrouded slopes of Ice Peak. 
Unable to see farther our imaginary observer could re
port only that several enormous streams of lava were cours
ing down valleys on the east side of Ice Peak. Their source 
remains a mystery. The fragile tephra cones that may have 
formed around the vents were rapidly eroded from the 
steep terrane on which they formed. Except for a few scat
tered remnants, even the upper parts of the lava flows are 
gone. They were probably deposited on unconsolidated 
tephra , talus and debris fans that filled the upper part of 
the valleys. As this foundation of loose material was un
dercut by torrential streams the lava itself collapsed and 
was gradually eroded away. 

We can only speculate on the source of the Kakiddi 
lava flows . Those in the south forks of Tennaya Creek 
probably issued from vents in or near the valleys contain
ing them . The main flow that descended Tennaya Creek 
must have issued from a vent, now covered by glaciers, 
near the summit of Ice Peak (Fig. 182). Some of it may 
have issued from Nanook Dome on the southeast rim of 
Mount Edziza and a relatively small lobe spread onto the 
plateau from a vent at Punch cone (Fig. 187) on the west 
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dirigees vers Ie nord-ouest , en traversant la surface rocailleuse 
de la glace stagnante . Des chenaux etroits et profondement 
enca isses , cntailles dans la glace par la crue initiale des eaux 
de fonte en provenance du cone Thaw, ont continue a canal iser 
la majeure partie des eaux de fonte durant la periode finale de 
disparition des glaces. 

Alors que les dernieres glaces du plateau Arctique finis
sa ient de fondre, Ie cone Thaw lui-meme avait deja ete legere
ment modifie par I 'affouillement glaciaire (fig. 180) . Un reseau 
d'eskers convergents s'etendait de la base du cone couverte de 
laves brusquement refroidies par I 'eau, vers Ie nord-ouest , en 
travers du plateau. Constituees de sables et de graviers qui 
s'etaient accumules a l'inte rieur des anciens chenaux d'eau de 
fonte, ces cretes sinueuses se sont deposees sur Ie plateau, lors
que la glace qui les recouvrait a fondu. Le cours nord-ouest 
des eaux de fonte a ete abandonne par les cours d'eau actuels, 
qui se dirigent vers Je sud . Mais les eskers, les coulees de lave 
et Jes cones de scories erodes subsistent, vestiges d'un paysage 
dynamique, en evolution rapide. 

Formation de Kakiddi. II y a environ un demi-million 
d'annees, une immense coulee de lave couverte de debris, 
d'environ I km de large et de 60 a 90 m d'epaisseur, a lente
ment descendu la vallee ancestrale du ruisseau Sorcery et a 
penetre dans les basses-terres bosselees de la vallee de la riviere 
Kakiddi (fig. 181). La, son lobe frontal en expansion, alimente 
par un apport continu de lave, s'est repandu sur Ie fond plat 
de la vallee, jusqu'a couvri r une superficie de plus de 20 km2 . 

Si un observateur avait pu suivre I 'ecoulement de lave a 
I'ouest, en remontantjusqu'a sa source, il aurait rencontre plu
sieurs points de confluence, ou cet ecoulement de lave se subdi
visait en tributaires, J'origine de chaque coulee se situ ant 
encore un peu plus haut sur les versants enveloppes de brume 
du pic Ice. Au-dela, la visibilite etant nulle, I'observateur ima
ginaire aurait seulement pu indiquer que plusieurs fl ots de lave 
tres volumineux descendaient les val lees du cote est du pic Ice. 
La source de ces ecoulements de lave demeure un myste re. Les 
fragiles cones de tufs qui ont pu se former autour des events 
ont ete rapidement erodes sur les versants raides ou ils etaient 
apparus. Sauf quelques vestiges epars, meme les parties supe
rieures des coulees de lave ont disparu. Les laves s'etaient pro
bablement deposees sur des tephra non consolides, des talus 
d'eboulis, et des cones de dejection qui comblaient la partie 
amont des vallees. A mesure que ce substrat de materiaux meu
bles a ete sape par les torre nts , la lave elle-meme s'est effon
dree et a ete graduellement en levee par I'erosion. 

On ne peut que speculer a propos de la source des coulees 
de lave de Kakiddi. Les laves presentes dans les bras sud du 
ruisseau Tennaya ont probablement ete emises par des events 
situes a J'interieur ou a proximite des vallees qui les ont canali
sees. La principale coulee qui a suivi Ie cours de la vallee du 
ruisseau Tennaya, provenant probablement d'un event mainte
nant couvert par les glaciers et proche du sommet du pic Ice 
(fig. 182). Une partie de celie coulee provenait peut-etre du 
dome Nanook, situe sur Ie bord sud-est du mont Edziza , et un 



side of Ice Peak. Whatever its source, the massive effu
sion of Kakiddi lava was a landmark in the history of the 
Mount Edziza Volcanic Complex-the last major erup
tion of intermediate (trachyte) lava from a central vent. 

Big Raven Formation. During the final waning of 
Pleistocene glaciation the volcanoes of the Mount Edziza 
Volcanic Complex began to assume their present form. 
At first the plateau, grooved, striated and strewn with gla
cial debris, began to emerge from beneath the ice. As the 
central ice cap retreated into the highlands turbulent melt
water streams spread their load of silt and gravel on thick 
alluvial fans along the upper edge of the plateau. For a 
time after the plateau was ice-free the stagnant remnants 
of valley glaciers lingered in Mess Creek and Kakiddi val
leys, but these too wasted rapidly away in the steadily 
warming climate. As the supporting ice receded from val
ley walls the oversteepened slopes, burdened with unsta
ble deposits of marginal moraine, collapsed in a series 
of great landslides that swept down the newly exposed 
escarpments into the major valleys. There the ancestral 
shrubs and trees of the present forest took root and spread 
to form a protective mat of roots and soil over the barren 
landscape that emerged from under the ice. Alpine wil
low and cariboo moss thrived on a mature tundra that ex
tended across the plateau almost to the edge of the 
retreating central ice cap. Then, about 2600 years ago, 
the warming trend ceased and the shrunken glaciers again 
began to advance during Neoglaciation (Porter and Den
ton, 1967). From the summit areas of Mount Edziza, Ice 
Peak and the highlands of Armadillo and the Spectrum 
Range, the growing alpine glaciers expanded to new po
sitions along the upper edge of the plateau. There they 
fluctuated between minor episodes of retreat and advance 
during the remainder of Neoglacial time, building fur
rowed terminal moraines which stand up to 18 m above 
the plateau and form the trimlines of the present alpine 
glaciers. The end of Neoglaciation in the early 20th cen
tury heralded the present trend toward more moderate cli
mate and the rapid recession of alpine glaciers. Terminal 
moraines formed during Neoglacial advances now lie up 
to 2 km beyond the glaciers that formed them. So rapidly 
has the ice receded that no vegetation has yet been estab
lished on the barren, rocky ground between the trimline 
and the ice. 

The waxing and waning of post-Pleistocene alpine 
glaciers was punctuated by the sporadic eruption of basalt 
from numerous satellitic cones throughout the Mount Ed
ziza Volcanic Complex, and by a single climactic erup
tion of pumice from the south slope ofIce Peak. Together, 

SUMMARY/SOMMAIRE 

lobe relativement peu etendu s'est etale sur Ie plateau a partir 
d'un event situe sur Ie cone Punch (fig. 187) du cote ouest du 
pic Ice. Peu importe sa source, I'epanchement volumineux des 
laves de Kakiddi a ete un evenement marquant dans I'evolution 
du complexe volcanique de Mount Edziza, soit la derniere 
eruption importante de laves intermediaires (trachytes) emises 
par un event central. 

Formation de Big Raven. Au cours de I' etape finale de dispa
rition des glaciers du Pleistod:ne, les volcans du complexe vol
canique de Mount Edziza ont commence a prendre leur forme 
actuelle. Tout d'abord Ie plateau, sillone de cannelures, de 
stries et de debris glaciaires, a commence a emerger d'au
dessous de la glace. A mesure que la calotte glaciaire centrale 
se retirait dans les hautes-terres, les torrents d'eau de fonte ont 
depose leur charge de Iimons et graviers sur d'epais cones de 
dejection Ie long du bard superieur du plateau. Pendant un cer
tain temps apres la disparition des glaces du plateau, les vesti
ges stagnants de glaciers de vallee ont subsiste un certain temps 
dans les vallecs du ruisseau Mess et de la riviere Kakiddi, mais 
ceux-ci ant aussi rapidement fondu, etant donne les conditions 
de rechauffement continuo Au fur et a mesure que les glaces 
qui les soutenaient s'eloignaient des parois des vallees, les 
pentes tres fortement inclinees, chargees des depots instables 
de moraines marginales, se sont ecroulees en une succession 
de grands glissements de terrain qui ont deferle Ie long des 
escarpements nouvellement exposes jusqu' au coeur des vallees 
principales. La, les buissons et arbres vetustes de la foret 
actuelle se sont installes et propages en formant un tapis protec
teur de racines et de sol sur Ie paysage desole qui emergeait 
des glaces. Le saule alpin et la cladonie des rennes ont prospere 
sur une toundra mature qui s'etendait sur tout Ie plateau, pres
que jusqu'au bord de la calotte glaciaire centrale en retraite. 
Ensuite, il y a environ 1400 annees, a pris fin la tendance au 
rechauffement, et les glaciers amenuises ont recommence a 
progresser durant Ie Petit age glaciaire. A partir des regions 
du sommet du mont Edziza, du pic Ice et des hautes-terres 
d'Armadillo et du chainon Spectrum, les glaciers alpins en 
developpement ont gagne de nouvelles positions Ie long du 
bard superieur du plateau. La, ils sont restes plus ou mains sta
bles pendant Ie reste du Petit age glaciaire, et ont edifie des 
moraines frontales parcourues de sillons, qui atteignaient 18 m 
au-dessus du plateau et constituent les zones de transition fores
tiere determinees par les glaciers alpins actuels. La fin du Petit 
age glaciaire a annonce la tendance actuelle vers un climat plus 
madere, ainsi que Ie rapide recul des glaciers alpins. Les 
moraines frontales formees durant Ie Petit age glaciaire se 
situent maintenant jusqu'a 2 km au-dela des glaciers qui leur 
ant donne naissance. La glace a si rapidement recule, 
qu'aucune vegetation n'a encore eu Ie temps de s'etablir sur 
Ie terrain desole et rocailleux situe entre la zone de transition 
forestiere et la glace. 

La croissance et la disparition de glaciers alpins ulterieurs 
au Pleistocene ant ete marques par des eruption sporadiques 
de basaltes produites par de nombreux cones satellites, dans 
I' ensemble du complexe volcanique du mont Edziza, et par une 
unique eruption climacique de pierre ponce issue du versant 
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the products of this activity comprise the Big Raven For
mation which includes the only volcanic landforms in the 
complex that have escaped glacial erosion (Fig . 189). The 
pristine cinder cones, wind-sculptured ash fields and 
blocky lava flows of the Big Raven Formation have re
mained almost unchanged since they were formed . 

Tennena Cone, high on the west side of Ice Peak, 
was among the first Big Raven centres to erupt. Basaltic 
magma began to issue from its vent beneath the central 
ice cap during the height of the Neoglacial advance, and 
its steep-sided , pyramid-shaped edifice was built entirely 
of quenched pillow lava and pahoehoe toes that accumu
lated within a depression melted in the ice . A thin lava 
flow coursed down a meltwater channel thawed from the 
base of the cone to the western edge of the ice. There 
the violently steaming mixture of water and lava spilled 
over the terminal moraine and spread onto the tundra
covered plateau beyond the ice. 

At least thirty basaltic centres flared into eruption and 
died during Big Raven time, and each event reacted in 
its own unique way with the surface environment. On the 
deeply dissected eastern side of Mount Edziza, basaltic 
magma forced its way to the surface through a thick pile 
of talus and glacial moraine, engulfing loose debris with
in the molten rock. The mixture of lava and scavanged 
fragments was ponded against stagnant ice to form the 
Cinder Cliff in the north fork of Tenchen Valley. Farther 
south, a small cinder cone was built on an active landslide 
moving slowly off the escarpment into Raspberry Pass. 
Other isolated vents erupted at various places throughout 
the complex : at the Ash Pit a towering fire fountain burst 
from the steep cliffs of Mess Creek Escarpment and 
deposited a plume of fine black ash across the adjacent 
plateau, and on Arctic Plateau tiny Nahta Cone erupted 
from the top of a glacially-scoured limestone hill and sent 
a narrow stream of lava into Nahta Creek. But most of 
the Big Raven activity was concentrated in two areas: one 
on the north flank of Mount Edziza and one on the west 
flank of Ice Peak where the lava from multiple centres 
coalesced into composite lava fields. 

The Desolation Lava Field, on the north slope of 
Mount Edziza, issued from at least ten separate vents, most 
of which are clustered close to the northern trimline of 
the central ice cap. Some of the eruptions encroached on 
the edge of the ice and initially formed low tuff-rings of 
quenched breccia, but as these eruptions progressed the 
ice and meltwater were displaced and the fountaining vents 
produced normal subaerial cinder cones and lava flows. 
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sud du pic Ice. Consideres tous ensemble, les produits de cette 
activite constituent la formation de Big Raven qui inclut les seu
les formes de topographie volcanique du complexe qui aient 
echappe aux ravages de I'erosion glaciaire (fig. 189). Les 
cones de scories intacts, les champs de cendres sculptes par Ie 
vent et les coulees de laves blocailleuses de la formation de Big 
Raven sont restes presque inchanges depuis leur formation. 

Le cone Tennena, perche haut sur Ie versant ouest du pic 
Ice, a ete I 'un des premiers centre eruptifs de Big Raven a se 
manifester. Un magma basaltique a commence a s'echapper de 
son event, au-dessous de la calotte glaciaire centrale , durant 
I 'apogee du Petit age glaciaire , et sa structure pyramidale, a 
parois raides, a ete entierement construite par des laves en 
coussins brusquement refroidies par J'eau, et par des lobes de 
pahoehoe qui se sont accumules dans une depression creee par 
la fonte des glaces. Une mince coulee de lave s'est deversee 
dans un chenal d'eau de fonte glaciaire, s'etendant de la base 
du conejusqu'au bord ouest du glacier. La, un melange bouil
lonnant et fumant d'eau et de lave s'est deverse sur la moraine 
frontale, et s'est etendu sur Ie plateau couvert par la toundra, 
au-dela des glaces. 

Au moins 30 centres d'eruptions basaltiques se sont eveil
les et eteints durant l'intervalle de Big Raven, et chaque erup
tion a eu un effet particuiier sur les terrains de surface. Sur Ie 
versant est profondement disseque du mont Edziza, Ie magma 
basaltique s'est fraye un cheminjusqu'a la surface a travers un 
epais amas compose de talus d'eboulis et de moraines glaciai
res, en engloutissant sur son passage les debris meubles. Le 
melange de laves et de fragments absorbes s'est immobilise 
contre la glace stagnante , formant ainsi les falaises de cendres 
(Cinder Cliffs) dans Ie bras nord de la vallee Tenchen. Plus au 
sud, un petit cone de scories a pris forme sur un terrain anime 
d'un glissement lent qui se depla~ait progressivement de 
I' escarpement au col de Rapsberry. D' autres events isoles sont 
entres en eruption en divers endroits dans tout Ie complexe: 
a I 'endroit appele «puits de cendres» (Ash Pit), une immense 
fontaine de produits incandescents a jailli des falaises abruptes 
de I 'escarpement qui dominait Ie ruisseau Mess, et a depose 
sur Ie plateau adjacent un panache de cendres noires et fines; 
sur Ie plateau Arctique, Ie minuscule cone Nahta est entre en 
eruption au sommet d 'une coHine calcaire affouillee par les gla
ces, et a emis un etroit flot de lave qui s'est ecoule dans Ie ruis
seau Nahta. Toutefois, la majeure partie de I'activite du volcan 
Big Raven s 'est concentree dans deux regions: I'une sur Ie 
flanc nord du mont Edziza, I' autre sur Ie flanc ouest du pic Ice, 
ou les laves provenant de centres multiples ont fusionne et con
situe des champs de laves composites. 

Le champ de laves Desolation, sur Ie versant nord du mont 
Edziza, provient d'au moins dix events separes, dont la plupart 
sont concentres a proximite de la zone nord de transition fores
tiere determinee par la calotte glaciaire centrale. Quelques
unes des eruptions ont empiete sur Ie bord des glaces, et ont 
initialement forme des anneaux tufaces de breches brusque
ment refroidies par I'eau, mais a mesure que progressaient ces 
eruptions, les glaces et les eaux de fonte ont ete detournees, 



The beautifully symmetrical cone and summit crater of 
Eve Cone (Fig. 201), near the centre of the Desolation 
Lava Field, must have been formed by a towering, verti
cal fire fountain, whereas Sidas Cone, on the northern 
edge of the field, is the product of two simultaneous fire 
fountains issuing in different directions from adjacent 
vents. Williams Cone (Fig. 203), the youngest centre in 
the Desolation Field, is still partly covered with fine black 
cinders and ash that blanket its eastern flank and extend 
in an elongated lobe across the plateau east to Kakiddi 
Valley. The column of ash from which this material fell 
must have been driven by a strong westerly wind through
out the eruption. Near the end of its activity the western 
rim of Williams Cone collapsed and was swept away by 
a massive stream of lava that welled out of its central crater. 
This flow, one of the largest in the Desolation Lava Field, 
moved steadily north for over 12 km into Klastline Valley 
where its distal lobe formed a temporary dam across Klast
line River. The surface of the Desolation Lava Field is 
a jumble of loose, jagged slabs (Fig . 200) ; the broken 
crust from scores of lava flows , piled in chaotic windrows 
along the sinuous, branching levees that once bounded 
molten streams of lava. 

The Snowshoe Lava Field issued from at least twelve 
separate vents on the west flank of lee Peak. Like the Deso
lation vents they are clustered near the trimline of the cen
tral ice cap and the first material to erupt was quenched 
by ice and meltwater. The subsequent construction of 
Coffee and Cocoa craters and the other subaerial cinder 
cones was accompanied by a massive effusion of basaltic 
lava that flooded the plateau surface and sent tongues of 
lava into Taweh and SeziJl valleys. Not all of the erup
tions were accompanied by fire fountaining and the con
struction of cinder cones. One of the youngest flows in 
the Snowshoe Field issued quietly from a fissure on the 
divide south of Tencho Glacier. Tongues of lava flowed 
east into Shaman Creek and west into Taweh Creek but 
the only evidence of its source is a low , circular mound 
of lava, "The Saucer", bounded by concentric ridges of 
broken slabs. The surface features of the Snowshoe and 
Desolation lava fields are similar and their activity almost 
certainly overlapped in time. 

Near the end of Big Raven time, probably before the 
eruption of The Saucer, a small but violent eruption of 
trachyte pumice burst from the southwestern flank of Ice 
Peak. Frothy, granular chunks the size of snowballs fell 
over an area of several square kilometres around the vent 
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et les events d' ou jaillissaient des fontaines de produits incan
descents ont cree des cones de scories et coulees de lave nor
maux de nature subaerienne. Le cone parfaitement symetrique 
et Ie cratere sommital du cone Eve (fig. 20 I); pres du centre 
du champ de laves Desolation, ont sans doute ete edifies par 
une impressionnante fontaine verticale de produits incandes
cents, tandis que Ie cone Split, du cote nord du champ de laves, 
resuite de I'action simuItanee de deux fontaines de produits 
incandescents qui jaillissaient dans des directions differentes a 
partir d'events adjacents. Le cone Williams (fig. 203), Ie plus 
recent centre eruptif du champ de Desolation, est encore par
tiellement couvert de scories et de cendres fines et noires qui 
recouvrent son flanc est, et se prolongent a travers Ie plateau 
sans forme de lobe allonge, de l'est jusqu'a la vallee de la 
riviere Kakiddi. La colonne de cendres dont provient ce mate
riau a sans doute, pendant toute la duree de I 'eruption, ete pous
see par un fort vent d'ouest. Vers la fin de son activite, Ie bord 
ouest du cone Williams s 'est effondre, et a ete balaye par un 
flot volumineux de laves qui ont jailli de son cratere central. 
Cette coulee, I'une des plus vastes du champ de Desolation, 
s'est uniformement deplacee vers Ie nord sur plus de 12 km 
jusque dans la vallee de la riviere Klastline, ou son lobe distal 
a forme un barrage temporaire obstruant la riviere Klastline. 
La surface du champ de laves de Desolation est un chaos de 
dalles disjointes, aux bords dechiquetes (fig. 200); la croGte 
brisee par des dizaines de coulees de lave, est empilee en amas 
chaotiques grossierement tries Ie long des levees sinueuses et 
ramifiees qui autrefois limitaient les ecoulements de laves. 

Les laves du champ de laves de Snowshoe ont ete emises 
par au moins douze events separes, situes sur Ie flanc ouest du 
pic Ice . Comme les events du champ de Desolation, ils se 
concentrent pres de la zone de transition forestiere determinee 
par la calotte glaciaire centrale , et les premiers produits em is 
par I'eruption ont ete brusquement refroidis par la glace et les 
eaux de fonte. L'edification uiterieure des crateres Coffee et 
Cocoa, et d'autres cones subaeriens de scories, a ete accom
pagnee d'une effusion volumineuse de laves basaltiques qui ont 
submerge la surface du plateau et emis des langues de lave dans 
les val1ees des cours d'eau Taweh et Sezill. Lejaillissement de 
fontaines de produits incandescents et I 'edification de cones de 
scories n'ont pas accompagne quelques-unes des eruptions . 
L'une des coulees les plus recentes du champ de laves de 
Snowshoe s'est tranquillement echappee d'une fissure situee 
sur la ligne de partage, au sud du glacier Tencho. Des langues 
de lave se sont ecoulees a l'est dans Ie ruisseau Shaman et a 
I 'ouest dans Ie ruisseau Taweh , mais Ie seul indice de leur 
source demeure un monticule bas et circulaire de lave, appele 
«The Saucer» (la soucoupe), et limite par des cretes concen
triques formees de dalles brisees . Les details topographiques 
des champs de laves de Snowshoe et de Desolation se ressem
blent, et I 'activite volcanique de ces deux regions fait presque 
certainement preuve de contemporaneite. 

Vers la fin de I'intervalle de Big Raven, probablement 
avant I 'eruption du monticule appele «The Saucer ", une erup
tion de pierre ponce trachytique de faible etendue mais vio
lente, a eu lieu sur Ie flanc sud-ouest du pic Ice. Les fragments 
rocheux granulaires, vesiculeux et de la dimension de boules 
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and pea-sized tephra blanketed a circular area at least iO 
km in diameter. This loose , air-fall tephra comprises the 
Sheep Track Member of the Big Raven Formation (Fig. 
220). Originally it covered all but the youngest flows and 
cones ofthe Snowshoe Lava Field but rain and wind have 
since removed it from the steeper slopes. Along the west
ern edge of Tencho Glacier beds of coarse, Sheep Track 
pumice are up to 2 m thick but their source is hidden some
where beneath the ice. 

Geochronology, petrochemistry, and petrogenesis. 
Four independent dating methods: potassium-argon, 
fission-track, radiocarbon, and paleomagnetism; were em
ployed to establish the absolute age of rocks within the 
Mount Edziza Volcanic Complex. The K-Ar dates , which 
range from 11.4 to 0.28 Ma, are mostly consistent with 
the observed stratigraphic succession (Table 26). A few 
anomalously old K-Ar ages appear to be the result of con
tamination of lava with crustal rocks. In two such cases 
fission-track dates , on apatite from partly fused granitic 
inclusions in contaminated basalt, are in good agreement 
with the stratigraphy. The fission-track method was also 
used to date obsidians at the base of thick comendite and 
trachyte flows (Table 27) . Although several of these dates 
are in good agreement with K-Ar dates, it is clear that 
their precision is greatly influenced by the uranium con
tent and the post-depositional history of individual sam
ples. Annealing at relatively low temperature and loss of 
uranium by diffusion from the noncrystalline glasses limit 
the reliability of the method. Charred willow twigs from 
under basaltic tephra associated with flows too young to 
date by the K-Ar method have yielded a 14C date of 1340 
B P. Paleomagnetic polarity profiles on thick stratigraph
ic sections record a maximum of six reversals, far fewer 
than the number known to have occurred during the his
tory of the Complex (Fig . 232). Thus no unique correla
tion with the standard magnetozones is possible . 

The petrography and chemistry of rocks from the 
Mount Edziza Volcanic Complex are typical of bimodal, 
alkaline suits associated with continental rifting. Sequences 
of basic flows, mainly alkali olivine basalt and lesser 
hawaiite , alternate with complex piles of felsic rocks, many 
of which are peralkaline (Fig . 240 to 242). Most of the 
basic rocks are porphyritic, containing varying propor
tions of phenocrystic plagioclase, olivine and cl inopyrox
ene in a groundmass of the same minerals plus 
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de neige, sont retombes sur une superficie de plusieurs kilome
tres carres autour de I'event, et des tephra de la taiIIe d'un pois 
ont recouvert une region circulaire d'au moins 10 km de dia
metre . Ces tephra meubles comprennent Ie membre de Sheep 
Track, qui appartient a la formation de Big Raven (fig. 220). 
A I'origine , ils couvraient toutes les coulees et tous les cones, 
sauf les plus recents, du champ de laves de Snowshoe, mais 
depuis, les pluies et Ie vent les ont entralnes des pentes les plus 
raides. Le long du rebord ouest du glacier Tencho, des couches 
de pierre ponce grossiere du membre de Sheep Track atteignent 
jusqu'a 2 m d'epaisseur, mais leur source est dissimulee quel
que part sous la glace . 

Geochronologie, petrochimie et pitrogenese. Quatre 
methodes independantes de datation, soit la radiochronologie 
basee sur Ie couple potassium et argon, la methode des traces 
de fission, la datation au carbone radioactif et Ie paleomagne
tisme, ont ete utilisees dans Ie but d'etablir I'age absolu de 
roches faisant partie du complexe volcanique du mont Edziza. 
La datation par la methode au K-Ar a fourni des ages entre 11,4 
et 0,28 Ma. qui sont generalement compatibles avec la 
sequence stratigraphique observee (tableau 26). Une contami
nation de la lave par la roche encaissante semble etre a I' origine 
de quelques ages anormalement eleves qui ont ere obtenus par 
la methode de datation au K-Ar ; dans deux de ces cas, on a 
eu recours a la methode des traces de fission pour dater I 'apatite 
tiree d'inclusions granitiques partiellement fusionnees que con
tenait du basalte contamine. Les dates ainsi obtenues sont en 
accord avec la stratigraphie. Cette derniere methode a aussi 
servi a determiner l'age d'obsidiennes trouvees a la base 
d'epaisses coulees de comendite et de trachyte (tableau 27). 
Plusieurs de ces dates sont com parables a celles obtenues par 
la methode de datation au K-Ar; cependant, il est evident que 
la teneur en uranium des echantillons et que I 'histoire de la 
roche suivant sa mise en place ont beaucoup d'effet sur la preci
sion des resultats obtenus par la methode des traces de fission. 
La recuisson a des temperatures relativement basses et la perte 
par diffusion de I 'uranium contenu dans les roches vitreuses 
non cristaIIines limitent la fiabilite de cette methode. Des brin
dilles carbonisees de saule ont ete prelevees sous du tephra 
basaltique associe a des coulees trop recentes pour etre soumi
ses a la methode au K-Ar; par datation au 14C, on a etabli que 
I'age de ces brindilles se situait a 1340 B.P. Des profils paleo
magnetiques de la polarite ont ere effectues dans des coupes 
structurales profondes et on y a releve six inversions magneti
ques au plus, soit un nombre bien inferieur au nombre d'inver
sions deja connues dans I 'histoire du complexe (fig. 232). Par 
consequent, iJ n'existe pas de correlation unique entre ces pro
fils et les periodes paleomagnetiques (<< magnetozones »). 

La petrographie et la chimie des roches du complexe vol
canique du mont Edziza representent de fac,;on typique les cor
teges alcalins bimodaux associes au « rifting » (creation de 
fosse) continental. On retrouve en alternance des sequences de 
coulees basiques, formees surtout de basalte acalin a olivine et 
d'une petite quantite d'hawa'ite, et des amas complexes de 
roches siliceuses dont plusieurs sont hyperalcalines (fig. 240 
a 242). La plupart des roches basiques sont porphyriques : eJles 
renferment une proportion variable de plagioclase, d'olivine et 



disseminated opaque oxides and devitrified glass. The fel
sic rocks range in composition from trachyte to comen
dite. The trachyte is a nearly pure alkali feldspar rock 
containing only trace amounts of sodic pyroxene or am
phibole. With the appearance of interstitial quartz the 
trachyte grades into sodic rhyolite and the shift to per
alkaline compositions is manifest in the appearance of 
sodium-rich mafic minerals , aenigmatite, arfvedsonite and 
aegirine. Rocks intermediate in composition between ba
salt and trachyte (trachybasalt, tristanite) are present lo
cally in very small volumes but there is a distinct 
compositional gap between 52 and 62 % silica. Chemical 
variation in major element abundances between the two 
end members is uniform and characterized by moderate 
iron-enrichment followed by extreme alkali-enrichment 
up to a maximum in rocks with about 66% silica. Minor 
element abundances, including the rare earths, reflect the 
major-element variation and appear to be controlled by 
crystal/liquid partition coefficients (Fig. 243,244). Rb
Sr isotopes suggest a complex origin involving both con
tamination of mantle-derived mafic magma and prolonged 
fractionation in crustal reservoirs. 

Petrogenesis of the Mount Edziza volcanic suite is 
consistent with a crystal fractionation process (Fig. 249). 
Using a multi-stage model in which the cumulate assem
blage changes as fractionation progresses, it is possible 
to derive significant volumes of the more evolved rocks 
from a parent alkali olivine basalt magma. Initial fractio
nation of olivine, titanaugite, magnetite and plagioclase 
in the proportions observed in cumulate inclusions 
produces a residual trachyte liquid. Subsequent removal 
of relative!y large amounts of alkali-feldspar drives the 
residual liquid toward a peralkaline composition. Addi
tional enrichment in alkalis and silica may have resulted 
from volatile transfer . The scarcity of intermediate rocks 
is probably a function of eruption dynamics which favour 
the initial rise of fluid basalt and of the very low density 
siliceous residual liquids. 

The volume of lava erupted within the Mount Edziza 
Volcanic Complex has decreased with each successive epi
sode of magmatic activity (Table 29) but there is no com
pelling evidence that the cycle of eruptions has come to 
an end. 
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de clinopyroxene a phenocristaux logee dans une matrice de 
ces memes mineraux auxquels s'ajoutent c;a et la des oxydes 
opaques et du verre devitrifie. La composition des roches sili
ceuses va du trachyte a la comendite. Le trachyte est 
presqu'entierement forme de feldspath alcalin et ne contient 
qu'une quantite negligeable de pyroxene ou d 'amphibole sodi
ques. Avec l'apparition de quartz interstitiel, Ie trachyte se 
transforme en rhyolite sodique et ce passage a une composition 
hyperalcaline se manifeste par la formation de mineraux mafi
ques riches en sodium, soit I'aenigmatite, I'arfvedsonite et 
I'aegyrine. Des roches dont la composition se situe entre celie 
du basalte et celie du trachyte, soit Ie trachybasalte et la tristi
nite, sont presentes a certains endroits, en tres petite quantite; 
cependant, il est evident qu' il n 'existe pas de roches renfermant 
entre 52 % et 62 % de silice. La proportion des principaux ele
ments varie uniformement entre les deux teflnes finaux et cette 
variation est caracterisee par un enrichissement modere en fer, 
suivi d'un enrichissement extreme en metaux alcalins qui 
atteint son maximum lorsque les roches renferment environ 
66 % de silice. La proportion d 'elements accessoires, y com
pris les terres rares, est parallele a celie des principaux ele
ments et semble etre controlee par les coefficients de partage 
entre les cristaux et les liquides (fig. 243 et 244). Les isotopes 
du couple Rb-Sr attestent de l'evolution complexe des roches 
qui aurait ete marquee par la contamination du magma mafique 
derive du manteau et par une longue differenciation au sein de 
chambres situees dans la croute. 

La petrogenese de l'ensemble volcanique du mont Edziza 
correspond a celle due au processus de la cristall isation frac
tionnee (fig. 249) . A l'aide d ' un modele a etapes multiples dans 
lequel Ie cumulat se trans forme a mesure que la cristallisation 
se deroule, on peut obtenir des volumes considerables de 
roches plus evoluees a partir d'un magma parent forme de 
basalte alcalin a olivine. Au depart, la cristallisation fraction
nee de I 'olivine, de la titano-augite, de la magnetite et du pla
gioclase dans des rapports observes dans les cumulats produit 
un magma residue! de composition trachytique. Le retrait , par 
la suite , de quantites relativement grandes de feldspath alcalin 
pousse la composition du magma residue! vers un etat d 'hyper
alcalinite. Le degagement de composants volatiles du magma 
peut avoir entraine un enrichissement supplementaire en mine
raux alcalins et en silice. La rarete des roches intermediaires 
s'explique probablement du fait que I'eruption a favorise la 
montee initiale de basalte fluide et de magma residuel silicieux 
a tres faible densite. 

Le volume de lave emis par Ie complexe volcanique du 
mont Edziza a diminue avec chaque nouvelle periode de mag
matisme (tableau 29) mais rien ne prouve avec certitude que 
Ie cycle d'eruptions soit termine. 
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INTRODUCTION 

LOCATION AND ACCESS 

T he Mount Edziza Volcanic Complex occupies 
about 1000 lcm2 of upland plateau between the 

Stikine and Iskut River valleys in north-central British 
Columbia . It is visible from the road leading south from 
Dease Lake along Stikine Valley to TeJegraph Creek, and 
from the Cassiar-Stewart Highway, in Iskut Valley, south 
of Dease Lake (Fig. 1,2) . There are no roads into the area, 
but horse trails, maintained by local outfitters , provide 
access from Kinaskan Lake to the Raspberry Pass area, and 
from the village of Iskut, west along Klastline Valley. The 
old "Telegraph Trail", built in the early 1900s to service 
the Northwest Telegraph Line, swings west from Iskut 
River vaHey across the centre of the volcanic complex at 
Raspberry Pass and hence along Mess Creek valley to Tele
graph Creek. Although the telegraph line and trail were used 
and maintained until 1936 they are now largely overgrown 
and only short segments of the trail are still passable. 

Dease
Lake 

Figure 1. Index map, showing access routes and settle
ments in the vicinity of the Mount Edziza Volcanic Complex, 
which is shaded. 

INTRODUCTION 

Figure 2. The north slope of Mount Edziza from the Cassiar
Stewart Highway, south of Stikine crossing. GSC 202468-A. 

Several lakes (Buckley, Nuttlude, Kakiddi, Mowdade, 
Kounugu, 180, Arctic, and Mess) on and adjacent to the 
complex, are large enough to be used by float-equipped air
craft . In 1974 an access road was built from a landing site 
on Nuttlude Lake to a mineral exploration camp at an eleva
tion of 5000 ft. (1525 m) on the east side of Mount Edziza. 
Both float planes and helicopters are available for charter 
at Dease Lake and Iskut. 

Travel on foot is relatively easy in the western part of 
the area, where the rolling upland surface is mainly above 
timberline . The bounding escarpments and steep-sided box 
canyons which cut the plateau impose local barriers , but 
they can easily be avoided by alternate routes. In contrast 
the eastern side of the complex is bounded by precipitous 
unstable cliffs, nearly vertical cirques, and deeply crevassed 
icefalls . Those travelling in this part of the area should have 
mountaineering experience and come equipped for 
challenging climbing. 

PHYSIOGRAPHY 
The Mount Edziza Volcanic Complex forms a rolling 

upland plateau, flanked on the west by rugged granitic peaks 
of the Coast Mountains (Fig. 3), and on the east by the more 
subdued Skeena Mountains and Klastline Plateau. A diver
sity of physical features within the Mount Edziza Volcanic 
Complex reflect its prolonged and varied volcanic history. 
The older elements of the complex have been deeply dis
sected and, in places, all but a few remnants of once large 
volcanoes have been eroded away during the millions of 
years since they were formed. Successively younger volca
noes have suffered less erosion, and although deeply dis
sected , those formed during the last 3 to 4 million years still 
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Figure 3. View looking west from the volcanic plateau, 
across Mess Creek valley, to granitic peaks of the Coast 
Mountains. GSC 202468-8. 

retain the gross features of their original form. At the youn
gest end of the scale are pristine-looking cinder cones and 
lava fields where erosion of even surficial ash is only now 
beginning. In addition to differences in age the physical fea
tures vary according to the type of material erupted and the 
surface on which it was deposited . Because of its low vis
cosity basaltic lava spread in thin flows to build broad 
shields with gently sloping upper surfaces. More viscous , 
felsic lava built steep-sided domes, composite cones, and 
thick, stubby flows. 

The history of the Mount Edziza Volcanic Complex 
spans several periods of glacial advance and retreat. Lava 
erupted during periods of ice cover accumulated in melt
water ponds, giving rise of very different landforms than 
those formed under subaerial conditions. 

The north-south axis of the volcanic complex is defined 
by four, composite, central volcanoes in various stages of 
dissection (Fig. 4) . The Spectrum Range (Fig . 5), at the 
southern end , is a composite rhyolite dome of which only 
a few small remnants of the original surface are preserved 
on the summits of the higher peaks. A crudely radial drain
age pattern extends outward from the central part of the 
range. The deeply incised valleys are flanked by largely 
felsenmeer- and talus-covered slopes which rise at the angle 
of repose to broad, rounded crests of the interfluvial ridges . 

North of the Spectrum Range, is Armadillo Peak whose 
precipitous slopes rise to a broad, rounded summit at 
7218 ft. (2200 m) elevation. Originally a caldera sur
rounded by satellitic domes, the present topography of 
Armadillo is due entirely to deep dissection that totally 
altered its original, circular form. 

North of Cartoona Ridge, one of the satellitic centres 
of Armadillo Caldera, the topography rises gradually to the 
8200 ft. (2500 m) summit of Ice Peak (Fig. 6) , a pyramid
shaped horn , bounded on all sides by steep-walled active cir
ques. Ice Peak is a glacially modified composite volcano 
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Figure 4. Principal physiographic elements of the Mount 
Edziza Volcanic Complex. 



Figure 5. Fe/senmeer-covered ridges of the central Spec
trum Range, brightly-coloured erosional remnants of a rhyo
lite dome complex. GSC 202468-C 

Figure 6. The south slope of Ice Peak and nunataks on the 
south rim of the summit crater of Mount Edziza. GSC 
202468-0. 

whose original profile is approximately preserved on its 
glacier-covered south and west flanks. Its eastern flank has 
been largely destroyed by head ward erosion of glacial val
leys, and its northern slope is buried beneath the younger 
edifice of Mount Edziza . 

Mount Edziza (Fig. 7), the youngest and most northerly 
of the four central composite volcanoes, rises to a circular 
ice-filled crater about 2 km in diameter, at an elevation 
higher than 8500 ft. (2590 m). A narrow cirque, eroded into 
the east side of the volcano, is bounded by near-vertical 
headwalls which breach the eastern rim of the summit crater 
(Fig. 8). Elsewhere the crater rim and the flanking upper 
slopes of the composite cone are only moderately dissected 
by a system of radial meltwater channels . 

The four central volcanoes that lie along the axis of the 
complex are flanked on the west by a broad, gently west
sloping lava plateau at an elevation of 5000 to 6000 ft . 
(1500-1800 m). It is bounded on the west by a steep escarp
ment which exposes, in step-like terraces, the myriad thin 
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flows of basalt and distal ash flows from which it is built 
(Fig. 9). From the edge of the escarpment a few youthful, 
fast-flowing streams have cut V -shaped canyons eastward, 
almost to the lower slopes of the central volcanoes. Most 
of the plateau surface is a mature alpine tundra, covered by 
tufts of grass, alpine willow and cariboo moss. Locally ice 
polygons and other patterned ground indicate the presence 
of permafrost on the upper part of the plateau. 

East of the central volcanoes, only a few remnants of 
the original flanking shield are preserved on interfluves 
between the deeply incised, east-flowing glacial streams. 
The upper parts of most of the valleys are occupied by active 
cirques and the intervening, sharp-crested spurs and ridges 
are all that remain of the once extensive eastern part of the 
complex (Fig. 10). 

Most of the north slope of the volcanic complex, and 
large parts of the western plateau, are covered by postglacial 
cinder cones, fields of blocky lava, and unconsolidated beds 
of basaltic tephra and rhyolitic pumice (Fig. 11). Within 
those areas of very young lava, stream drainage is mainly 
through subsurface channels. As a result, the original lava 
surfaces show little evidence of erosion or sediment cover. 

DRAINAGE AND GLACIATION 
The Mount Edziza Volcanic Complex is drained 

entirely by tributaries of Stikine River. Mess Creek, a 
north-flowing, locally aggrading stream, occupies a broad 
valley parallel to the bounding escarpment on the west side 
of the volcanic complex (Fig. 3). Its west-flowing tributar
ies, short high-gradient streams which occupy steep-sided 
canyons cut into the volcanic plateau, provide the principal 
drainage for the western half of the complex. The precipi
tous eastern side of the volcanic complex faces a broad hum
mocky lowland on a drainage divide between Kakiddi 
Creek, flowing north into the Klastline drainage and streams 
flowing south, via Little Iskut River into Iskut River proper. 
East-flowing tributaries of Kakiddi Creek are choked with 
glacial and landslide debris from the rapidly eroding head
walls and steep spurs on the east side of the volcanic com
plex . Where these streams enter Kakiddi Valley, large 
alluvial fans have been built, behind which several lakes 
(Nuttlude, Kakiddi, Mowdade, Mowchilla) have been 
ponded (Fig. 12). The youthful north slope of Mount Edziza 
is drained by small, shallowly incised streams which flow 
north into Klastline River. 

With the exception of the youngest cinder cones and 
associated lava flows all the elements of the Mount Edziza 
Volcanic Complex have been modified by local and regional 
glaciation . Evidence of regional glaciation is well preserved 
on the western plateau where drumlinoid ground, grooving, 
and striations indicate north-northwest ice movement (Fig. 
13). At lower elevations, particularly on the slope south of 
BuckJey Lake, evidence of ice stagnation is seen in morainal 
ridges , kame and kettle topography, eskers and outflow 
channels. 
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Figure 7. Summit crater of Mount Edziza, a circular, ice-filled depression 2 km across. Stereoscopic pair. 
Province of British Columbia photos BC 5607-143, 144. 



Figure 8. Precipitous headwall of an active cirque that 
breaches the east side of the summit crater and central con
duit system of Mount Edziza. GSC 202468-E 

Figure 9. Volcanic plateau and escarpment on the west 
side of the Mount Edziza Volcanic Complex. Flat-lying flows 
which underlie the plateau are mainly basalt, whereas rhyo
lite and trachyte form the relatively steep slopes of Ice Peak 
and Mount Edziza central volcanoes in the background. 
GSC 202468-F. 

Figure 10. Steep interfluvial ridges and deeply incised val
leys on the east side of the Mount Edziza Volcanic Complex. 
GSC 202468-G. 
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Figure 11. Young pyroclastic cones and blocky lava flows 
on the north slope of Mount Edziza. GSC 125601 . 

Figure 12. Kakiddi and Nuttlude lakes, two of several lakes 
ponded behind rapidly aggrading alluvial fans being 
deposited by debris-choked streams draining the precipitous, 
east slope of the Mount Edziza Volcanic Complex. GSC 
202468-H. 

During the final stages of deglaciation, as the support
ing ice receded from unstable, oversteepened valley walls 
the debris-covered cliffs collapsed in a series of landslides. 
The low-yield strength of the highly fractured, poorly con
solidated rocks of the volcanic complex resulted in numer
ous such landslides, particularly along the Mess Creek 
Escarpment. 

At high elevations evidence of regional glaciation has 
been obliterated by younger alpine glaciers. Active glaciers 
occupy cirques on most peaks over 7000 ft (2130 m) . In the 
Spectrum Range, Armadillo and adjacent peaks, the ice is 
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Figure 13. Fluted, drumlinoid ground, showing the north
northwesterly direction of ice movement across the western 
volcanic plateau, north of Raspberry Pass. Province of British 
Columbia photo BC 1374-6. 

restricted to relatively small separate glaciers but Ice Peak 
and Mount Edziza are covered by a small ice cap (Fig. 6) 
with an area of approximately 70 km2 . Distributary 
glaciers from the ice cap extend down the steep east side of 
the complex and are characteristically broken by ice falls 
(Fig . 14), whereas west-flowing glaciers have spread in 
broad lobes onto the upper part of the plateau (Fig. 15) . All 
glaciers in the area have receded from prominent , 
unvegetated trimlines which are commonly from I to 2 km 
beyond the present ice front. 

PREVIOUS INVESTIGATIONS 
AND PRESENT STUDY 

Remnants of basalt flows , resting on river gravels in 
Stikine Valley near Telegraph Creek , were described by 
Kerr (1948) , who speculated correctly that the flows had 
entered Stikine Valley from the Klastline drainage . 
Although he did not trace them back to their origin he cited 
local reports of a vast area of lavas up Klastline River to 
the southeast, where undestroyed, well-formed craters, hot 
springs, and other evidence of recent volcanism suggested 
to him that the Stikine Valley lava flows had originated there 
and flowed some 83 km to their present location. 

No further work was done on the Mount Edziza Vol
canic Complex until 1956, when the boundaries of the vol
canic pile were mapped in conjunction with regional 
reconnaissance by the Geological Survey of Canada (1957) 
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Figure 14. Icefalls and deeply cravassed ice, typical of 
glaCiers on the east side of the Mount Edziza Volcanic Com
plex. GSC 202468-1. 

Figure 15. Broad, unfractured distributary lobes of ice 
spreading from the central icefield onto the western plateau 
surface. GSC 202468-J. 

during Operation Stikine. J . G . Souther carried out addi
tional work on the volcanic complex in the course of prepar
ing a I :250 000 geological map of the Telegraph Creek area 
(Souther, 1972a). 

The present study was begun in 1965 and continued 
through the summers of 1966 and 1967. The author revisited 
the area briefly during the summers of 1968, 1969, 1972, 
1973 and 1976. Results of this work have been published 
in several general summary papers (Souther, 1967, 1968, 
1969, 1972a,b) and in topical papers dealing with specific 
aspects of the study. The latter include: fission-track dating 
of volcanic glass (Aumento and Souther , 1973) , stratigra
phy and paleomagnetism (Souther and Symons, 1974), 
mineralogy (Yagi and Souther, 1974), volcanic hazards 
(Souther, 1981a,b), geochronology (Souther et aI, ]984), 
and chemistry and petrogenesis (Souther and Hickson, 
1984). 



FIELD AND LABORATORY 
METHODS 

The complex was mapped at a scale of 1 :25 000. 
Because the pile is essentially flat-lying, emphasis was 
placed on obtaining detailed stratigraphic sections with pre
cision. Elevations were measured with a surveying 
altimeter, and corrected for diurnal variation by closing 
traverses on bench marks of known elevation. In key sec
tions each of the flow-units was sampled. Locations were 
plolted on air photographs and transferred optically to the 
map. 

Petrographic work included the examination of over 
800 thin sections which provided the basis for selecting 
representative samples for whole-rock and microprobe 
analysis . 

Whole-rock chemical analyses were made by the Geo
logical Survey of Canada, under the direction of S. Abbey 
and J .A. Maxwell. X-ray fluorescence (XRF) was used for 
Si02, A120 3, total Fe as Fe203, CaO, MgO, K20, Ti02, 
MnO, NiO and Cr203 ' Total H20, CO2, P20 S, Na20 , and 
FeO were measured by rapid chemical means. Sulphur was 
determined by conventional chemical methods and Fe203 
by difference. Three groups of minor element analyses were 
run on the same powders prepared for the major element 
analyses . The first group of 96 samples was analysed by 
Acme Analytical Laboratories of Vancouver for 26 ele
ments, using an inductively coupled argon plasma (ICP) 
method . A second group of 19 samples was analyzed by C . 
Hickson , University of British Columbia, for Ba, Rb , Y, 
Ni , Zr, and Sr using XRF spectrometry. Ten samples were 
analyzed by neutron activation for the rare-earth elements 
La, Ce, Nd, Sm, Eu , Tb, Vb, and Lu by Nova Track 
Analysts of Vancouver. 

Microprobe analyses were performed by L.c. Pigage 
on the University of British Columbia ARL SEMQ 
microprobe, using 10 2-s counting periods for each element. 
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K-Ar dates were determined by R.K . Wanless at the 
Geological Survey of Canada in Ottawa, and by R. L. Arm
strong at the University of British Columbia . K was deter
mined in duplicate by atomic absorption using a Techtron 
AA4 spectrophotometer, and Ar by isotope dilution using 
an AEI MS-IO mass spectrometer and high purity 38Ar 
spike. 
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TECTONIC SETTING 

MAJOR TlECTONIC lELEMENTS 

T he Mount Edziza Volcanic Complex lies within 
Stikinia, the largest segment of the Insular Super

terrane, a composite terrane thought to have been accreted 
to the continental margin in the Jurassic (Monger, 1984). 
West of Stikinia the Coast Plutonic Complex, a linear belt 
of intense deformation, metamorphism and granitic intru
sion, separates Stikinia from the Intermontane Superter
rane, which was accreted probably during the Cretaceous 
and forms the present continental margin (Fig. 16). 

Post-accretion deformation of the Stikine Terrane was 
dominated, during Late Cretaceous-Early Tertiary time, by 
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transpression that probably reflected oblique convergence 
between oceanic crust and the accreted continental margin. 
Calc-alkaline magmatism was accompanied by dextral 
movement on major northwesterly trending faults, and by 
development of horst and graben structures bounded by syn
volcanic north-trending normal faults. 

By Late Miocene, when the oldest units of the Mount 
Edziza Volcanic Complex were erupted, the tectonic regime 
was similar to that of the present. Convergence and accom
panying calc-alkaline volcanism had ceased and the conti
nent was bounded by a right-lateral, transform margin. 

STIKINE VOLCANIC BlEL T 
Stikine Volcanic Belt is defined by a north

northwesterly trending group of late Cenozoic volcanoes 
that extends through the northern Coast Mountains into the 
Intermontane Belt of northern British Columbia and south
ern Yukon. It is superimposed on the pre-existing collage 
of terranes, crossing from the Coast Plutonic Complex onto 
Stikinia, across the Atlin Terrane, and into the Omineca 
Crystalline Belt without any apparent regard for old suture 
zones (Fig. 17). The belt itself appears to comprise a series 
of short, north-trending, en echelon segments. The most 
southerly of these includes the Mount Edziza Volcanic 
Complex, Hoodoo Mountain and scores of smaller compos
ite and monogenetic cones. It is fairly linear and extends 
from the Aiyansh centre, in the central Coast Mountains 
(Sutherland Brown, 1969), north to Dease Lake in the Inter
montane Belt. 

The north trend within the more northerly segments of 
Stikine Volcanic Belt is less clearly defined. Level Moun
tain (Hamilton, 1981), the largest and oldest centre in the 
belt, is bounded on the south by a cluster of monogenetic 
cones, and on the north by a group of cones and erosional 
remnants of Cenozoic basalt flows which occupy a broad 
zone extending north across the Atlin Terrane into the 
Omineca Crystalline Belt in southern Yukon. A crude north
south orientation is also seen in other clusters of eruptive 
centres such as those near Atlin, Miles Canyon and related 
basalts of Whitehorse area, and Recent cones near Fort 
Selkirk. 

North-trending normal faults appear to be the dominant 
late Cenozoic structure within the Stikine Volcanic Belt. 
Some of these faults cut flat-lying lavas of the Mount Edziza 
Volcanic Complex and are clearly synvolcanic. Many of 
them, however, undoubtedly were formed during the 
earlier, Cretaceous and Early Tertiary, episode of trans
pression and later reactivated. Northerly trending faults and 
dyke swarms of Early Tertiary age (Eocene) are associated 
with volcanics of the Sloko Group in Telegraph Creek map 

39 



MOUNT EDZIZA 

area (Souther, 1 972a) , and in Tulsequah map area (Souther, 
1971) . Also , extensive, north-trending swarms of Early 
Tertiary feldspar porphyry dykes are exposed north of Klu
ane Lake at the extreme northwestern end of the Stikine Vol
canic Belt. 

It seems probable that all of these northerly trending, 
Early Tertiary structures originated where northwesterly 
directed transcurrent motion along major faults resulted in 
a couple with an east-west component of extension. During 

13.0 0 
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the Early Tertiary episode of oblique subduction these 
extensional zones in the upper plate became the loci of calc
alkaline volcanism that produced the Sloko and related rocks 
(Fig. 18). Subsequently , when subduction and associated 
calc-alkaline volcanism ceased in the mid-Tertiary, the 
extensional zones, driven by continued transcurrent motion 
at the continental margin, were propagated into the lower 
crust becoming the conduits for the rise of more primitive, 
mantle-derived alkaline magmas, which are characteristic 
of the Upper Tertiary Stikine Volcanic Belt. 

STIKINE VOLCANIC BELT 

• Neogene volcanic rocks 

CACHE CREEK TERRANE 

D ATLIN SUB TERRANE: Mississippian to 
Upper Triassic oceanic volcanic and 
sedimentary assemblage 

STIKINE TERRANE 

D BOWSER SUCCESSOR BASIN: Upper 
Jurassic, marine and brackish water clastic 
sediments 

D WHITEHORSE TROUGH AND STiKINE ARCH: 
Upper Paleozoic and Lower Mesozoic, arc 
volcanic and volcaniclastic rocks, turbidite 
successions and carbonate rocks 

PLUTONIC AND METAMORPHIC ROCKS 

D COAST PLUTONIC COMPLEX AND 
PLUTONS OF THE OMINECA AND 
INTERMONTANE BEL TS: mainly Mesozoic 
and Lower Tertiary granodiorite, quartz 
diorite, quartz monzonite; lesser diorite, 
gabbro, syenite, granitic gneiss and schist 

Geological boundary (defined, approximate) . . . ~ ./ 

Fault (arrows indicate relative movement) .. __ _ 

Thrust fault (teeth indicate upthrust side) ... . . , ....L_..A.... 

Figure 17. Distribution of late Miocene and younger eruptive centres within the Stikine Volcanic Belt, 
showing the structural setting of the Mount Edziza Volcanic Complex. North-south, en echelon segments 
of the belt are parallel to early Tertiary dyke swarms and faults. 
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STRUCTURAL SETTING 

T he Mount Edziza Volcanic Complex lies on the 
Stikine Arch near its eastern contact with Bowser 

Basin (Souther, 1972a,b). Stikine Arch (Fig. 17) is a north
easterly trending lobe on the east side of the Coast Plutonic 
Complex that has remained relatively positive throughout 
much of Mesozoic time. It is underlain by a metamorphic 
core zone which is locally exposed beneath a thick succes
sion of late Paleozoic and Mesozoic volcanic and sedimen
tary rocks. All rocks within the Arch are cut by Mesozoic 
and Early Tertiary plutons and batholiths. 

On the east, Stikine Arch is bounded by the Upper 
Jurassic to Lower Cretaceous , Bowser, successor basin, and 
on the north by an extension of the Whitehorse Trough 
(Wheeler, 1961; Souther 1971) in which volcanic and clas
tic sedimentary rocks were deposited during Late Triassic 
and Early Jurassic time. 

Limestone and thin-bedded clastic sediments of the 
Paleozoic succession are locally intensely folded, but fault
ing is the predominant structural style within the massive 
Mesozoic units which underlie most of the Stikine Arch. 
The north-south valleys of Iskut River and Mess Creek, 
which flank the Mount Edziza Volcanic Complex on the east 
and west, are controlled by major fault zones which have 
undergone repeated movement (Fig. 18) . Between these two 
major zones of dislocation the basement rocks that extend 
under the volcanic complex are cut by numerous additional 
north-south faults and by a conjugate set of northwest- and 
northeast-trending faults. Some of the latter are clearly cut 
by a younger north-south set whereas others change direc
tion and merge with the north-south fault zones. Most of the 
faults are near vertical and exhibit normal displacement, but 
an anomalous east-trending, steeply south-dipping reverse 
fault crosses Klastline Plateau and extends under the north
ern part of the volcanic complex . Cinder cones on Klastline 
Plateau lie along the trace of this fault and young cinder 
cones on the north flank of Mount Edziza lie above its 
projected western extension beneath the volcanic pile. 

The present distribution of faults probably developed 
during the Early Tertiary when numerous normal faults 
accompanied east-west extension, intrusion of plutons, and 
eruption of Sloko volcanics and deposition of associated 
intermontane sediments. Remnants of Lower Tertiary 
strata, preserved at different elevations on different fault 
slices, indicate that profound vertical displacements con
tinued after their deposition in the Eocene. Some of the 
bounding faults remained active through Late Tertiary time 
and may have exerted some control on the distribution of 
Neogene eruptive centres. 

BASEMENT GEOLOGY 

PALEOZOIC ROCKS 
Paleozoic rocks (Fig. 18) underlie the southern and 

western part ofthe Mount Edziza Volcanic Complex and are 
particularly well exposed on and adjacent to Arctic Plateau , 
west of the Spectrum Range. Fossiliferous Mississippian 
and Permian strata include massive limestone units 
interbedded with fine clastic sediments, bedded tuff, and 
intermediate volcanic rocks. Devonian conodonts have been 
recovered from pre-Mississippian strata at a single locality 
south of the Spectrum Range (P. Read, pers. comm., 1987). 
Elsewhere the pre-Carboniferous rocks of Stikine Arch 
have yielded no fossils, and the predominantly fine grained 
clastic sediments and volcanics are commonly metamor
phosed to schist and gneiss. 

MESOZOIC ROCKS 
Mesozoic volcanic and sedimentary rocks, cut locally 

by granitic plutons, underlie most of the Mount Edziza Vol
canic Complex. They are unmetamorphosed, and range 
from Upper Triassic to Cretaceous . 

The Upper Triassic succession (Fig. 18) is at least 2440 
m thick and comprises about equal proportions of augite 
andesite , derived volcaniclastic rocks , and clastic sedi
ments. The volcanic rocks are mostly massive breccias but 
the succession includes lavas, locally pillowed, bedded tuff, 
and a profusion of dykes and subvolcanic intrusions . Upper 
Triassic sedimentary rocks, exposed on the south and east 
sides of the Mount Edziza Volcanic Complex, constitute an 
interbedded succession of volcanic sandstone, greywacke, 
graded siltstone, chert, carbonaceous shale, and discontinu
ous lenses of limestone. 

The Upper Triassic rocks east of Mess Creek are over
lain unconformably by Lower to Middle Jurassic clastic 
sediments (Fig. 18). A basal conglomerate contains vol
canic clasts from the underlying Upper Triassic strata and 
sparse granitic clasts derived from unroofing of the Upper 
Triassic Hickman Batholith farther west. South of the Spec
trum Range on Ball Creek the basal conglomerate is overlain 
by at least 1200 m of Lower Jurassic, tuffaceous siltstone, 
sandstone and grit interbedded with fragmental volcanic 
rocks including thick sections of calcareous, basaltic ande
site breccia (peperite). The Lower Jurassic succession is 
overlain conformably by about 1050 m of friable black shale 
(Fig. 18) which contains fossils oflate Early and early Mid
dle Jurassic age. South of Little Iskut River the shale is over
lain conformably by a massive pile of basaltic andesite 
pillow lava, minor flows and associated dykes and sills (Fig . 
18) . This volcanic pile appears to thin northward and, on 
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Figure 18. Geological map showing the distribution of basement rocks and structures surrounding the 
Mount Edziza Volcanic Complex. 



Klastline Plateau, the same stratigraphic interval is occupied 
by 100 m of basaltic andesite, volcaniclastic conglomerates 
and pillow breccias . 

Upper Jurassic clastic sediments of the Bowser Group 
(Fig. 18) underlie a vast area within the Hazelton Moun
tains, east of Iskut River, and a small apophysis of similar 
rocks extends west, across southern Klastline Plateau 
beneath the eastern edge of the Mount Edziza Volcanic 
Complex. The succession east of Iskut River includes at 
least 1500 m of interbedded greywacke, grit, siltstone, shale 
and chert-pebble conglomerate. The proportion of con
glomerate and the average clast size increase westward, sug
gesting that the western apophysis is a fluvial , deltaic facies 
near the northwestern margin of the basin. 

Crctaceous sediments of the Sustut Group (Fig. 18) are 
preserved on the mountains west of Mess Creek and in 
downfaulted blocks along Mess Creek Valley. West of Mess 
Lake, and in the canyons of Sezill and Kadeya creeks, as 
much as 300 m of gently tilted strata are preserved beneath 
the basal lavas of the Mount Edziza Volcanic Complex. The 
Sustut rocks are moderately to poorly indurated, interbed
ded sandstone, carbonaceous siltstone, polymict con
glomerate, and friable carbonaceous shale, locally with thin 
seams of coal, carbonized stems, and plant debris. 

Intrusive rocks of Triassic and younger age (Fig . 18) 
are widely exposed in the Coast Mountains west of Mess 
Creek and smaller, probably coeval bodies, are exposed far
ther east, around the periphery of the Mount Edziza Vol
canic Complex . 

The Late Triassic Hickman Batholith underlies an area 
of about 260 km2 west of Mess Creek. It is a crudely zoned 
body which ranges from pyroxene diorite in the interior to 
biotite granodiorite in the exterior. 

The Jurassic-Cretaceous intrusions range in composi
tion from diorite, which is confined to relatively small bod
ies, to larger bodies of hornblende-biotite granodiorite, and 
hornblende-quartz diorite . The younger, Cretaceous to Ter
tiary, intrusions are mostly coarse grained biotite
hornblende quartz monzonite. 

TERTIARY ROCKS 
A complex of Early Tertiary intrusive (Fig. 18), extru

sive and clastic sedimentary rocks is exposed in the rolling 
terrain south of Buckley Lake and in the nearby canyons of 
Elwyn and Kadeya creeks. The principal intrusive body is 
Elwyn Creek Pluton, which is at least 5 km across and con
sists of uniformly fine grained, slightly porphyritic leu
cogranite with phenocrysts of sodic plagioclase and small 
euhedra of hornblende and biotite. The rock has a uniform, 
closely spaced rectangular joint system which, near contacts, 

BASEMENT GEOLOGY 

resembles columnar jointing at right angles to the 
cooling surface. Also, most contacts have fine grained sel
vages, suggesting that the body was intruded and quenched 
at a shallow depth. It exhibits both intrusive and fault con
tacts with Cretaceous, Sustut, conglomerate and sandstone 
(Fig. 18). 

Peripheral to Elwyn Creek Pluton the gently tilted Sus
tut strata are invaded by a network of dykes, sills and apo
physes with well developed rectangular jointing at right 
angles to their contacts. These are slightly finer grained, but 
otherwise similar to rocks of the parent body and are 
believed to be part of a distributary system to overlying vol
canic rocks. 

Genetically related andesitic , dacitic and rhyolitic 
extrusive rocks (Fig. 18) include remnants of domes, thick 
lava flows and pyroclastic breccia deposits. The flows and 
domes vary in texture from aphanitic to porphyritic and, like 
their intrusive equivalents, are characterized by small horn
blende and biotite euhedra. Contorted flow layering is a 
common feature of the flows and domes. The associated 
pyroclastic breccia, unlike that in the overlying Mount 
Edziza Volcanic Complex , has been zeolitized and chlori
tized. The matrix is commonly pale to bright green 
(celadonite), and vesicles are completely filled with silica, 
zeolites, and carbonate. 

The extrusive rocks are associated with thick deposits 
of epiclastic breccia (Fig. 18) comprising a chaotic mixture 
of volcanic and basement clasts in a poorly indurated earthy 
matrix. The breccia is clast-supported and exhibits no sort
ing or stratification. Most clasts are volcanic, derived from 
the associated extrusive units, but they are intimately mixed 
with well rounded cobbles and boulders incorporated from 
the underlying Sustut conglomerate, and with angular 
blocks of older basement rock, including biotite leu
cogranite from the Elwyn Creek Pluton. Clast size ranges 
from small pebbles to blocks 2-3 m across. Like the 
associated extrusive rocks, the epiclastic breccia is cut by 
a profusion of biotite-bearing andesite and dacite dykes and 
is thus clearly synvolcanic. Its large volume and wide extent 
suggest that Early Tertiary volcanism here, as in many other 
parts of the western Cordillera, was accompanied by large 
scale vertical movement which generated repeated lands
lides and debris flows. 

Potassium-argon dating of biotite from the Elwyn 
Creek Pluton and from a nearby extrusive dome gave dates 
of 53.1 ± 2.4 Ma and 49.8 ± 2.4 Ma respectively. This 
Eocene age records the youngest documented igneous event 
prior to eruption of the first Edziza lavas in the Late Mio
cene. Between these two events the Elwyn Creek Pluton was 
bevelled by a gently west-sloping erosion surface that 
appears to be truncated abruptly, west of Mess Creek Val
ley , by the precipitous eastern ranges of the Coast 
Mountains. 
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PRE-EDZIZA TERTIARY 
EROSION SURFACE 

The surface onto which the first flows of the Mount 
Edziza Volcanic Complex issued almost ten million years 
ago bore little resemblance to the present rugged topogra
phy. Where the old surface is preserved beneath the vol
canic complex its trace is defined by the basal flows, and 
these are commonly exposed on steep cliffs at elevations of 
4000 to 5000 ft. (1200 to 1500 m), and from 1500 to 2000 
ft. (450 to 600 m) above the adjacent valley floors . Only a 
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few small remnants of the old erosion surface are preserved 
beyond the limits of the volcanic complex. East of Kinaskan 
Lake, flat-lying basalt flows cap broad, 6000 ft. (1800 m), 
concordant summits in the western Skeena Mountains and 
similar basalt remnants are preserved at an elevation of 5000 
ft. (1500 m) on the southern Klastline Plateau (Fig. 18) . 
Together these remnants define a mature, gently rolling 
upland of moderate relief that extended as far west as Mess 
Creek. Farther west no obvious remnants of the pre-Edziza 
surface are preserved on the sharp-crested summits of the 
Coast Mountains where the present rugged topography is 
due largely to post-Early Miocene uplift. and erosion. 
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Figu"e 19. P.aleogeographic map of the region underlain by the Mount 
Edzlza Volcanic Complex, showing relief and inferred drainage of the pre
Late Miocene erosion surface. 
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The type of material preserved beneath the basal lavas 
varies from place to place. Locally, as in the Armadillo 
Highlands (Fig . 19), the lava rests directly on bedrock 
which is only slightly discoloured by preburial weathering. 
Elsewhere, paleosols, developed on fossil colluvium several 
metres thick, lie between the basal flows and weathered bed
rock. Fluvial gravel underlies most of the distal remnants 
in Skeena Mountains, and is also present at several places 
under basal lavas of the Mount Edziza Volcanic Complex. 
Carbonized wood, found at several localities beneath the 
basal flows of Mess Creek Escarpment, suggests that the 
prevolcanic surface was at least partly covered by mature 
forest. 

A paleogeographic map (Fig. 19), reconstructed by 
contouring the base of the volcanic pile , suggests that the 
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area now underlain by the Mount Edziza Volcanic Complex 
was a topographically high region, even before the volcanic 
edifice was built. The Armadillo Highlands and several 
lesser hills rose up to 1000 ft. (300 m) above a broad, north
erly trending upland plateau, bounded on the east and west 
by the ancestral valleys of Mess Creek and the Little Iskut
Kakiddi Creek drainage. When the first lavas were erupted 
onto this intermontane plateau in latest Miocene time, the 
fault-controlled valley of ancestral Mess Creek was proba
bly already flanked on the west by scarps bounding the 
actively rising and rapidly eroding terrain of the present 
Coast Mountains . Thus, while part of the old erosion sur
face was being preserved beneath the growing volcanic 
edifice, the adjacent parts were being destroyed by erosion. 
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RASPBERRY FORMATION 

GENERAL GEOLOGY 

F lat-lying, rusty , brown weathering flows of Rasp
berry basalt and interlayered reddish-brown to 

yellow or orange scoria are exposed at the base of prominent 
escarpments on the east and west sides of both Mount Edziza 
and Spectrum Range (Fig. 21 , Map 1623A, in pocket) . 
They rest directly on pre-Edziza basement rocks and their 
distribution reflects the topography of the late Miocene, pre
volcanic surface (Fig. 20). The elevation of the base of the 
pile varies from 5700 ft. (1740 m) above sea level on the 
east, near Armadillo Peak, to less than 4300 ft. (1310 m) 
above sea level along Mess Creek Escarpment. Thicknesses 
vary from more than 300 m in the southeastern part of the 
pile to only a few metres along its northern and eastern mar
gins where narrow, valley-filling flows are exposed in 
cross-section . South of Bourgeaux Creek, basalt of the 
Raspberry Formation is overlain by trachybasalt of the Lit
tle Iskut Formation, deposited as a small shield that origi
naJly covered only the extreme southeastern corner of the 
Raspberry pile. Elsewhere, the Raspberry Formation is 
separated from overlying Armadillo and younger members 
by an erosion surface . 

Regardless of their source or stratigraphic position the 
Raspberry flows are monotonously uniform . Throughout 
most of the pile the rock is a fine- to medium-grained 
brownish to greenish-grey basalt , either aphyric or with 
sparse phenocrysts of clear, glassy feldspar and less com
monly, of black, lustrous pyroxene . Olivine is rarely visible 
without the aid of a lens. The only significant variation in 
lithology is in phenocryst content. A few flows contain up 
to 5 % pyroxene phenocrysts and there is an abrupt increase 
in the size and number of plagioclase phenocrysts in some 
of the uppermost flows . This is particularly marked along 
the western side of the pile where the upper one or two flows 
contain 50 % or more large glassy , yellow-weathering feld
spar phenocrysts. Individual cooling units, both highly por
phyritic as well as aphyric flows, can be traced for 
kilometres without any appreciable change in thickness, 
indicating a high degree of mobility despite initial dips com
monly of only 1-2 0. 

Profound erosion has removed much of the outer por
tion of the Raspberry pile , and the central part has been 
largely covered by younger Formations . However , from the 
thickness, morphology, and elevation of exposed flow 
sequences it is clear that the Raspberry Formation origi
nated as a composite shield, comprising overlapping lobes 
of lava from at least three source areas in the Central High
lands (Fig . 20). Most of the thick flows exposed along Mess 
Creek Escarpment originated from Raspberry volcano 
itself, whereas the small , valley-filling flows exposed on 
and around Cartoona Ridge must have issued from a centre 
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(North craters) farther to the northeast, on or east of the 
height of land. The extensive flows exposed in upper Little 
Iskut Valley must have originated from a centre (South 
craters) on the southeastern side of the Central Highlands. 
In reality, each of the three centres shown on the paleogeo
logical map (Fig. 20) was probably itself a composite of 
many separate vents . Throughout Raspberry time the sites 
of activity undoubtedly migrated from place to place within 
the Highlands. 

Flow morphology and depositional 
environment 

Most of the Raspberry flows have three parts, a central 
core of dense columnar or crudely columnar basalt, an 
upper skin of clinkery blocks, rafted bombs and tephra, and 
a basal part of loosely agglutinated scoria. The structure and 
relative thickness of these three parts varies with the dis
tance of the flow from its source and the rate and type of 
flow motion (Fig . 22). Rapidly flowing, distributary 
streams of fluid lava , confined by old valleys or by natural 
levees, rest directly on the underlying surface or have a rela
tively thin mat of basal scoria. In many cases the fluid basalt 
was quenched against the old surface and now displays a 
thin , fine grained to glassy selvage . Boulders or tree stumps 
on the old surface may be encased directly in the solid 
basalt. Similarly , the upper layer of such flows is relatively 
thin and may consist only of a shiny black, ropy surface or 
thin vesicular crust. 

In accumulation areas, where the lava welled out in 
thick, expanding lobes on flat or gently sloping surfaces the 
lava front advanced more slowly and built up to a greater 
height depending on the viscosity of the lava . There, a thick 
crust formed, fractured and reformed on the slowly moving 
surface to produce a jumbled mass of broken slabs, clinker, 
and granular debris on top of the molten core. This superin
cumbent load was continually being sloughed off along with 
semi molten lava from the oversteepened lava front and 
buried by the advancing flow. In addition to debris derived 
from the surface of the flow itself the basal scoria layer may 
include airborne tephra, bombs and spatter deposited ahead 
of, and overridden by the flow, or deposited on the flow 
itself, and ultimately carried forward to the flow front and 
sloughed off into the path of the advancing lava. 

Regional variations in flow morphology 

On the northeast slope of the Highlands, near North 
craters, individual flow units are from 3-9 m thick. Each 
unit is mainly dense, crudely columnar basalt with only a 
thin upper rind of vesicular, clinkery slabs and a relatively 
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Figure 20. Paleogeological map and schematic cross-section showing the inferred maximum extent of 
Raspberry basalt at the end of Raspberry time. Stratigraphic sections are shown in Figure 24. 

thin, uniform mat of underlying scoria. The scoria is com
monly bright red, orange or yellow and comprises broken 
rubble spalled from the flow front as well as a high propor
tion of bombs , spatter and spindle-shaped lapilli obviously 
deposited directly from a fountaining vent. Similar flows of 
columnar basalt in the vicinity of South craters are inter
layered with beds of loose black, evenly sized lapilli and 
ash. In both places the base of the pile is more than 5000 
ft. (1525 m) above sea level and rests on the surface of the 
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late Miocene, Central Highlands . These exposures are 
believed to be the only erosional remnants of the proximal 
facies of the Raspberry Formation. The exposures north of 
the Highlands were close enough to one of the vents to 
include oxidized bombs and spatter thrown out of the fire 
fountain, whereas those on the south side lay on the flanks 
of the volcano where fields of fine airborne tephra accumu
lated downwind from the vent area . 
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Figure 21. Mess Creek Escarpment showing typical section of thick, distal flows of Raspberry basalt over
lain by Armadillo ash and fluvial deposits (white, recessive unit). Thin flows of intra- Armadillo basalt form 
discontinuous lenses within the fluvial unit. GSC 125 602 

Cross-sections of distributary flows are well exposed 
north and east of North craters where basalt with radiating 
clusters of columns is quenched to a thin glassy rind directly 
against the base and sides of steep-walled bedrock canyons 
cut into Jurassic shale. The dark grey shale is bleached to 
a rusty white adjacent to the flow . A much larger distribu
tary flow exposed in upper Walkout Creek rests directly on 
old gravel deposits. The basalt is molded around individual 
boulders, some of which have cracked from the heat. 

In the more distal parts of the shield, particularly in sec
tions along Mess Creek Escarpment, individual flow units 
are over 30 m thick and contain 30 to 50% basal scoria and 
blocky flow-top breccia. The cores of crudely columnar 
basalt pinch and swell between irregular lobes of scoria and 
breccia. In some places piles of debris, spaUed off the flow 
front, were too large to be overridden and the lava has either 
divided and streamed around the obstruction or, more com
monly, enveloped it and carried it along as a pocket within 
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VARIATIONS IN FLOW MORPHOLOGY 
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uncompacted clinkery blocks 

Commonly underlain by 
pockets of fine, wind or 
waterlain tephra 

Figure 22. Relationship between depositional environment and morphology of Raspberry flows. 

the flow. The scoria in this part of the pile consists almost 
entirely of reddish or yellowish-brown and grey broken 
debris derived from the flows themselves. Thin pockets of 
black ash and cinders were noted in a few places but no red, 
oxidized bombs or spatter were found. The enormous thick
ness of these flow units , their high proportion of flowtop 
breccia and absence of primary pyroclastic debris suggest 
that they accumulated at a considerable distance from their 
source. The base of the pile along Mess Creek Escarpment 
is less than 4500 ft . (1370 m) above sea level and cor
responds to the western lowlands of the late Miocene sur
face. It was there that the distributary streams of lava from 
the Central Highlands welled out into thick lobes that 
advanced slowly across the nearly flat surface. 
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Along the outer margins of the pile small tongues of 
lava protruded into depressions on the old surface. Cross
sections of such flows are exposed in Kedeya and Shaman 
creeks. They are characterized by a thick irregular mat of 
scoria and locally by pockets of talus and slide debris from 
the old valley wall. An open lava tube on Kedeya Creek 
formed when fracturing at the toe of the flow allowed the 
last vestige of molten lava to drain out of the core. Unlike 
the fast-moving distributary flows of the Highlands, these 
distal tongues and lobes moved sluggishly into depressions 
around the accumulating pile, cooling and fracturing until , 
by the time all motion has ceased , the flow was reduced 
largely to rubble. 



Only near their source in the Central Highlands and in 
distributary channels where molten lava came in direct con
tact with the old surface is there evidence of appreciable 
thermal alteration. The bleached bedrock and thermally 
fractured boulders noted in distributary channels are not 
found beneath flows more distant from their source. The 
base of the pile is well exposed at several places along Mess 
Creek Escarpment and in the escarpment facing Little Iskut 
River. There the old bedrock surface is commonly overlain 
by a regolith of fractured and weathered blocks and a thin 
layer of soil, in some places with rooted tree stumps. 
Locally the soil is overlain by bedded, fluvial sand com
posed mostly of basaltic ash, broken crystals of feldspar and 
less commonly pyroxene and olivine. This material , derived 
from the initial falls of tephra was carried from its source 
in the Central Highlands by ash-choked streams and 
deposited in the lowlands ahead of the first flows . Locally 
the old regolith has a few centimetres of reddish discoloura
tion, but in most exposures the only visible change is due 
to groundwater leaching rather than thermal alteration, 
probably because the thick blanket of porous, basal breccia 
effectively insulated the underlying surface. 

Contacts between successive flows of Raspberry basalt 
are remarkably sharp . In a few places pockets of windblown 
ash or waterlain basaltic sand have sifted in amongst the 
jumbled blocks of flow surfaces . A thin layer of granitic 
pebbles is present between some of the flows exposed in 
Mess Creek Escarpment but the vast majority of contacts 
show no erosion or intraflow sedimentation . The basal 
scoria of one flow rests directly on the clinkery surface of 
the flow beneath, suggesting that the Raspberry episode of 
activity was a rapid, nearly continuous event that ended as 
suddenly as it began. 

Subaqueous facies 

It is reasonable to assume that the local drainage was 
thoroughly disrupted by the rapid effusion of Raspberry 
basalt but direct evidence is surprisingly rare. The damming 
of Mess Creek on the west must have ponded a long shallow 
lake in the upper part of the valley although no trace of 
lacustrine deposits has survived later erosion . If lava entered 
the lake to form aquagene deposits they too have been 
removed by erosion. More direct evidence of damming is 
found on the east side of the pile where Little Iskut Valley 
was dammed by a thick sequence of flows that entered it 
from a tributary valley on the west (Fig . 23). The southern 
edge of the tributary valley is well exposed on the south end 
of Artifact Ridge where the lower flows lap against the 
steeply rising basement surface . About 0 .8 km farther 
north, near what was the confluence of the western tributary 
and Little Iskut Valley, the three lower subaerial flows are 
overlain by a 90 m thick section with obvious water contact 
features. It is a massive, cliff-forming unit of complexly 
jointed flows and irregular pockets of tuff-breccia. Here and 
there the breccia has weathered out leaving shallow caves, 
spires and ribs of columnar basalt and overhanging cliffs of 
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yellowish-brown sideromelane breccia. Discontinuous flow 
masses coalesce into single thick cooling units with slender, 
curving columns more than 30 m long. Quenched lava ton
gues, with pillow-shaped cross-sections 1.5-15 m across, 
exhibit radial jointing and huge masses of complexly jointed 
basalt, detached from their parent flow, are completely sur
rounded by piles of tuff-breccia. The tuff-breccia is inti
mately mixed with the flows throughout the unit. It consists 
of a lustrous brown matrix of palagonatized sideromelane 
granules surrounding irregular masses and polygonal or 
wedge-shaped blocks from broken pillows or quenched lava 
toes. The irregular masses commonly have an altered glassy 
selvage of yellowish-brown sideromelane 1-2 cm thick. 

The relationship of this aquagene deposit to the old, 
pre-volcanic surface suggests that Little Iskut Valley was 
initially dammed by a series of subaerial flows that entered 
it from the west (Fig . 23). Raspberry lake, ponded behind 
the dam , was entered by later flows which formed the 
deposit of tuff-breccia and quenched lava tongues. Water, 
discharged from the lake, followed a new course along the 
eastern edge of the encroaching pile of lava where the flows 
sloped down against the opposite valley wall. There the dis
placed river etched out a new valley whose easterly 
deflected course is preserved in the present easterly bend of 
Little Iskut River. 

STRATIGRAPHY 
The basal flow in most Raspberry sections displays well 

developed columnar jointing as do the narrow flows in dis
tributary valleys and in tongues and lobes around the perim
eter of the pile. The columns are commonly long and 
curved, or form radiating, sheaf-like clusters and rosettes 
that reflect the uneven cooling surface onto which the lava 
flowed. Cross-sections of small, valley-filling flows 
exposed in Kedeya Creek and on Cartoona Ridge, west of 
Kakiddi Lake, display perfect sets of radial columns normal 
to the valley cross-sections. At Kedeya Creek the central 
part of the flow is a small open lava tube around which the 
radial columns form a complete circular rosette about 12 m 
in diameter. 

Flows higher in the section commonly have crude 
columnar or random subverticaljoints. Individual flow units 
range in thickness from a few metres to more than 30 m. 
Most of them have a basal mat of loosely agglutinated , 
porous scoria, a central core of dense , columnar basalt, and 
an upper rind of flowtop breccia. Together the basal scoria 
and flowtop breccia form recessive benches which alternate 
with near-vertical cliffs formed by the columnar flow-cores 
to give the sections a prominent terraced aspect (Fig. 21). 

Outcrops of Raspberry basalt are universally weathered 
to a deep reddish-brown rind from less than 1 mm thick on 
steep, newly exposed cliff surfaces to more than 5 cm thick 
on spheroidally weathered joint surfaces of stable slopes. 
Beneath this surface the rock is medium grey to greenish or 
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Figure 23. Schematic block diagram showing two stages in the damming of Little Iskut River by lava 
flows descending a tributary valley from the west. 

brownish black. In most stratigraphic sections the megas
copic texture and mineralogy of successive flows are 
monotonously uniform, but locally variations in the 
phenocryst content provide a basis for subdivision (Fig. 24). 
Four fairly distinctive types are recognized : 

I. Aphyric basalt 
2. Slightly feldsparphyric (1 to 10 % plagioclase 

phenocrysts) 
3. Highly feldsparphyric (> 30 % plagioclase 

phenocrysts) 
4. Pyroxene-phyric (1-5% pyroxene phenocrysts) . 

The first two types comprise by far the greater volume. 
Flows in the lower half of the pile are mostly aphyric , 
whereas those higher in the section commonly contain 
1-10 % phenocrysts of clear, glassy or amber feldspar. The 
aphyric basalt varies from a greyish-black subvitreous rock 
to dark grey medium grained basalt in which ground mass 
feldspars and pyroxene, but rarely olivine, are visible with
out the aid of a lens. Feldspar phenocrysts in the slightly 
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porphyritic flows (type 2) are flat, tabular and usually ran
domly oriented. They commonly range in size from 1-10 
mm across, though sparse, isolated crystals up to 4 cm are 
widely distributed. In most stratigraphic sections the per
centage of phenocrysts increases systematically from older 
to younger flows. 

The highly feldsparphyric flows (type 3) are confined 
to one or two cooling units in the upper part of the pile. In 
most places they form the uppermost unit, however , they 
are locally overlain by one or two aphyric flows . Most of 
them contain 30-60% clear glassy or amber, randomly 
oriented, tabular phenocrysts of plagioclase from 1-5 cm 
long and \-10 mm thick . Locally phenocrysts make up to 
80 % of the rock and the associated scoria consists mostly 
of broken feldspar crystals. The change from aphyric or 
slightly porphyritic flows to the highly porphyritic type is 
usually abrupt and only rarely do flows of intermediate 
phenocryst content intervene. 
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Basalt with pyroxene as well as feldpar phenocrysts 
(type 4) forms a distinct, relatively young facies, that is 
confined to the central and eastern part of the Raspberry 
pile. The rock is commonly brownish grey and contains 
1-5 % phenocrysts of black pyroxene up to 5 mm across. 
Associated feldspar phenocrysts are similar to those in the 
feldsparphyric types and may be either more or less abun
dant than the pyroxene. 

to variations in the relative amounts of these three minerals 
in the ground mass and phenocrystic phases. The opaque 
oxides, magnetite , ilmenite and hematite, are ubiquitous but 
vary widely in amount and mode of occurrence. Twenty-one 
microprobe analyses of the principal minerals are plotted on 
Figure 25 and five representative analyses are listed in Table 
1. Minor minerals include apatite and alkali feldspar, which 
are widely and fairly uniformly distributed, rare biotite, 
analcite and fluorite. With the exception of water-quenched 
flows, the Raspberry basalts are essentially holocrystalline 
and, what little glass was present has been altered to green 
or brown chlorophaeite. In addition many thin sections 
reveal a pervasive alteration of the matrix to carbonate, 
chlorite, and zeolites. 

PETROGRAPHY 
Thin sections of Raspberry basalt exhibit the simple 

mineralogy typical of alkali olivine basalts. The major sili
cate minerals are plagioclase, titaniferous augite, and oli
vine, and megascopic variations in the basalt are due solely 
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Figure 25. End-member plots showing compositions of 
feldspar, pyroxene and olivine in Raspberry basalt, based on 
21 microprobe analyses. Five representative analyses, identi
fied by numbers (R01, RF2 etc.) are listed in Table 1. 

Aphyric and slightly feldsparphyric basalt 
(types 1 and 2) 

The texture and composition of the aphyric flows (type 
1; Fig. 26a) is similar to the ground mass of the slightly feld
sparphyric flows (type 2; Fig. 26c). Euhedral to subhedral 
laths of zoned plagioclase form 50 to 70% of the rock. The 
feldspars may be either randomly, or strongly oriented to 
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give the rock a trachytic fabric. Flat stage optical determina
tions indicate a range of compositions from An43.70' In any 
given section there is a rough correlation between core com
position and grain size, the larger laths being slightly more 
calcic (Fig. 27). Six microprobe analyses of the groundmass 
feldspar give a range of core compositions from AnS6.67' 

Plagioclase phenocrysts, where present, are either 
euhedral or slightly corroded and embayed by the ground
mass. Most of them have complex twinning, usually albite 
combined with carlsbad and less commonly with pericline. 
The cores of most phenocrysts are slightly more calcic than 
the groundmass feldspar. Some of the large phenocrysts 
exhibit oscillatory or reverse zoning. However, zoning is 
commonly confined to a narrow outer rim, across which the 
composition changes rapidly from that of the core to that of 
the ground mass feldspar. Whereas the inner core of most 
phenocrysts is relatively free of inclusions, the outer 
strongly zoned rim commonly includes tiny circular or ellip
tical blebs of glass, fluid inclusions, and microlites of 
pyroxene. 

Strongly pigmented, purplish-brown titanaugite is 
confined, in most Raspberry basalts, to interstitial spaces 
between the plagioclase laths. In rapidly cooled flows, such 
as the basal flow along Mess Creek Escarpment and the 
water-quenched flows of Little Iskut Escarpment, the 
titanaugite occurs as skeletal, bladed or dendritic crystals in 
an interstitial mesostasis of iron-rich glass. Elsewhere it 
commonly forms ophitic or subophitic plates that enclose or 
are interstitial to the groundmass plagioclase. Rarely it 
occurs as granular, subhedral interstitial crystals, particu
larly in those rocks with a well developed trachytic texture. 

Titanaugite in the Raspberry basalt has a relatively nar
row range of composition near the salite-augite boundary 
(Fig. 25). 

Olivine (Fa22.24) forms from less than 1 to about 3 % of 
most Raspberry basalt. In the aphyric and slightly por
phyritic rocks it occurs as sparse, prismatic micro
phenocrysts and subhedral granules (Fig. 26b). The amount 
and size of olivine phenocrysts increases in the slightly feld
sparphyric rocks. Rarely it occurs in glomeroporphyritic 
clusters with magnetite and, where a trachytic texture 
developed, the flow layers wrap around both olivine and 
early formed magnetite. No reaction is evident between 
olivine phenocrysts and matrix. 

Titanomagnetite occurs as euhedral microphenocrysts; 
as tiny evenly dispersed granules; and as irregular space fill
ings between the ground mass feldspars. The micro
phenocrysts are commonly associated with olivine and are 
most abundant in aphyric basalt having a pronounced 
trachytic texture. Deflection of the flow layering around 
both olivine and titanomagnetite indicates that they were the 
first minerals to crystallize. A second generation of 
titanomagnetite crystallized after the ground mass feldspar. 
It occurs as tiny granules dispersed throughout the ophitic 
plates of titanaugite. Most of the granules appear to have 
crystallized before the augite and are enclosed by it. In some 
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Table 1. Selected microprobe analyses and structural data for feldspar, 
pyroxene and olivine from the Raspberry basalt. 

Feldspar 

Ground-
Phenocrysts mass 

AFI AF2 AF3 

Si02 50.79 52.43 52.89 
AI60 3 31.09 29.56 28.95 
Ti 2 0.0 0.0 0.0 

Cr203 0.0 0.0 0.0 
Fe203 0.53 0.63 0.71 
FeO 0.0 0.0 0.0 

MnO 0.0 0.0 0.0 
MgO 0.0 0.0 0.0 
NiO 0.0 0.0 0.0 

CaO 14.12 12.27 11.96 

Nat,o 3.56 4.36 4.85 
K2 0.13 0.24 0.30 

H2O 0.0 0.0 0.0 
F 0.0 0.0 0.0 

Total 100.22 99.49 99.66 

No. of ions on basis 
of 8 (0) 

Si 2.3112 2.3919 2.4113 Si 
AI 1.6673 1.5893 1.5555 AI 
Cr 0.0 0.0 0.0 Ti 
Fe+ 3 0.0181 0.0216 0.0244 Fe 

Cr 

AI 0.0 0.0 0.0 AI 
Cr 0.0 0.0 0.0 Ti 
Ti 0.0 0.0 0.0 Fe+ 3 
Fe+ 3 0.0 0.0 0.0 Cr 
Ni 0.0 0.0 0.0 Ni 
Fe+ 2 0.0 0.0 0.0 Fe+ 2 
Mn 0.0 0.0 0.0 Mn 
Mg 0.0 0.0 0.0 Mg 

Ca 
Na 
K 

Ca 0.6884 0.5998 0.5842 
Na 0.3141 0.3857 0.4287 
K 0.0075 0.0140 0.0174 

rocks, however, both minerals form large irregular, ophitic 
or subophitic plates that enclose the ground mass feldspar 
and have sharp common boundaries. Thus crystallization of 
titanomagnetite appears to have continued during crystalli
zation of the interstitial titanaugite. 

Accessory minerals include apatite, which is uniformly 
distributed as tiny acicular crystals, minor potassium feld
spar and rare biotite as small intergranular crystals. Analcite 
is found as primary, euhedral crystals and as a void-filling 
with calcite in a few sections. 

Pyroxene Olivine 

Groundmass 
Ground- Pheno-

mass cryst 

API AP2 AOI A02 

48.45 49.30 38.19 38.46 
3.93 2.96 0.31 0.0 
2.60 2.00 0.03 0.01 

0.03 0.0 0.0 0.0 
1.98 2.06 0.0 0.0 
8.28 10.83 20.66 22.20 

0.20 0.24 0.25 0.25 
12.91 12.57 40.37 39.44 
0.0 0.0 0.13 0.13 

20.83 19.69 0.31 0.29 
0.45 0.44 0.0 0.0 
0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

99.66 100.09 100.25 100.78 

No. of ions on basis No. of ions on basis 
of 6 (0) of 4 (0) 

1.8270 1.8641 Si 0.9851 0.9931 
0.1730 0.1319 AI 0.0 0.0 
0.0 0.0040 Cr 0.0 0.0 
0.0 0.0 Fe+ 3 0.0 0.0 
0.0 0.0 

0.0016 0.0 AI 0.0094 0.0 
0.0737 0.0529 Cr 0.0 0.0 
0.0561 0.0585 Ti 0.0006 0.0002 
0.0009 0.0 Fe+ 3 0.0 0.0 
0.0 0.0 Ni 0.0027 0.0027 
0.2611 0.3425 Fe+ 2 0.4457 0.4794 
0.0064 0.0077 Mn 0.0055 0.0055 
0.7256 0.7084 Mg 1.5521 0.5179 
0.8416 0.7977 
0.0329 0.0323 
0.0 0.0 

Ca 0.0086 0.0080 
Na 0.0 0.0 
K 0.0 0.0 

Highly feldsparphyric basalt (type 3) 

The highly feldsparphyric basalt contains 30-80% 
phenocrysts of plagioclase up to 3 cm long (Fig. 26e). These 
are of two distinct types: an older generation of relatively 
small, partly resorbed crystals; and a younger generation of 
unaltered crystals. The resorbed phenocrysts form only 10 
to 15 % of the total. They are ragged, deeply em bayed or 
rounded crystals of strongly zoned plagioclase in which the 
calcic cores have been partly or wholly resorbed and display 
coarse sieve structure. In contrast, the younger crystals are 
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unzoned, except for a thin outer rim of more sodic 
plagioclase and rarely of potassium feldspar. They show no 
evidence of reaction with the liquid. Contacts with the 
ground mass are sharp, formed by either euhedral crystal 
boundaries or, more commonly, fracture surfaces. The high 
proportion of broken crystals in the porphyritic rocks indi
cates that considerable cataclasis took place during the final 
stages of flow. 

In addition to plagioclase, the highly feldsparphyric 
basalt contains rare phenocrysts and fairly abundant 
microphenocrysts of both olivine and titanomagnetite. A 
reaction rim of green amphibole and opaque oxides com
monly mantles the larger olivines. 

The ground mass comprises oriented laths of 
plagioclase, and small granules of olivine and titanomagne
tite enclosed by ophitic plates of titanaugite. It differs from 
that of the slightly feldsparphyric basalt in having a much 
lower ratio of pyroxene to feldspar. Whereas titanaugite 
may form 20 to 50% of the groundmass ofsJightly feldspar
phyric basalts, it rarely exceeds 10% in the groundmass of 
highly porphyritic types. 

Pyroxene-phyric basalt (type 4) 

This relatively minor facies of the Raspberry basalt is 
characterized by augite phenocrysts 1-10 mm across, which 
form up to 5% of the rock (Fig. 26g). The phenocrysts lack 
the strong purplish-brown pigmentation of the ophitic 
titanaugite in types 1 to 3. They comprise equant, pale 
brown, strongly zoned and usually twinned crystals, most 
of which are deeply embayed and surrounded by porous 
reaction rims. Many have been so completely resorbed that 
only a skeletal outline remains and the crystal interior is 
crowded with a mosaic of feldspar and opaque oxides. Co
existing olivine phenocrysts, which are commonly smaller 
but at least as abundant as the pyroxene, show little or no 
evidence of reaction. The groundmass, like that of the other 
Raspberry basalts, consists mainly of well oriented laths of 
plagioclase (Anso-6o) and interstitial titanaugite. The 
ground mass pyroxene, however, forms tiny prismatic to 
subhedral grains rather than large ophitic plates. 

Augite, similar to that in the phenocrysts, is also present 
in small rounded, cognate inclusions. These appear to be 
cumulate clusters in which augite is the dominant mineral, 
associated with minor olivine and magnetite. 

a,b - Aphyric alkali olivine basalt (a, plane light; b, crossed c,d - Sparsely porphyritic hawaiite (c, plane light; d, 
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polarizers). crossed polarizers). 

Figure 26. Photomicrographs of Raspberry basalt; scale bar 0.5 mm. (pc, plagioclase; 01, olivine; cpx, 
clinopyroxene; tia, titanaugite). 



Amygdules 

Open vesicles are rare in the Raspberry basalt, but 
nearly every flow contains at least a few amygdules, either 
randomly distributed, or concentrated in subparallel layers 
in the upper part. Amygdule minerals include aragonite, cal
cite, ankerite, goethite, hematite, limonite, fluorite, chlo
rite, several different zeolites, and various forms of quartz, 
chalcedony and opal. Usually more than one mineral is pres
ent and the first to form in most cases is an iron oxide. This 
co~monly occurs as a dark botryoidal rind, lining the 
interior of the cavity and forming a thin discoloured halo 
in the adjacent rock. Concentrically banded aragonite and 
calcite are the most common and often the only fillings . 

Calcite, fluorite and the zeolites were usually the last 
to crystallize and, where present , they form a relatively 
small part of the amygdule . 

e,f - Highly porphyritic mugearite (e, plane light; f, crossed 
polarizers). 

RASPBERRY FORMATION 

No attempt has been made to make a rigorous study of 
the amygdules, but the occurrence of different types is 
apparently not random . Although their mineralogy varies 
from place to place within the volcanic pile, it is fairly con
sistent over large areas . Amygdules in the thick flows of the 
Mess Creek Escarpment, for example, are mainly car
bonate, whereas those in the central part of the complex, 
near Armadillo Peak, are mainly chalcedony and opal. The 
former formed in flows that were ponded in an accumulation 
area several kilometres from their source and presumably 
the solutions that gave rise to the aragonite amygdules were 
relatively low-temperature carbonate waters. In contrast, 
the flows exposed in the central part of the complex are close 
to their source where the relatively hot solutions circulating 
through them would be expected to have a higher silica con
tent. Also silica, rather than carbonate amygdules tend to 
occur in flows that are overlain directly by thick rhyolite 

g,h - Pyroxene-phyric alkali olivine basalt (g, plane light; 
h, crossed polarizers. 

Figure 26 (Cont.) 

57 



MOUNT EDZIZA 

0 

0 o 
6S 

0 o 0 3 0 
00 

0 0 

• 

Q) 

a 
() 

0 0 
c 0 
« .6 
~ SS 
0 

0 

Aphyric 
1 6 

20 
30 

• 
0 

Sparsely 
Porphyritic 

4. 
50 

66 

45+1-----,------.-----,-----,,------.-----., 
o 1 2 3 

Length of grain (mm) 

Figure 27. Plot showing the relationship of grain size to 
core composition of groundmass feldspar in five Raspberry 
basalts. Lines are least squares regression lines calculated 
for each data set. 

units. Thus silica amygdules predominate in the uppermost 
Raspberry flow where it is overlain by the Armadillo For
mation, whereas carbonate fillings are more common in the 
lower part of the pile and in distal flows that were never 
buried by more acid members. 

CHEMISTRY 
Twenty-one major-element analyses of Raspberry 

basalt (Appendix 2, Table 2) indicate a very narrow range 
of compositions. Over 80% of the silica values fall between 
45 and 48 % and all other oxides exhibit a similarly narrow 
range (Fig. 28). Quartz does not appear in any of the norms . 
Sixteen of the analyzed specimens are hypersthene norma
tive and the remaining five contain a trace « 1.2 %) of nor
mative nephaline. The AFM plot (Fig. 29a) shows a 
relatively strong iron enrichment. In the Irving-Baragar 
(1971) classification most of the Raspberry analyses plot 
within the alkaline field of the Si02 vs. Na20 + K20 dia
gram (Fig. 29b) and either in, or very close to the sodic field 
of the Ab'-An-Or terniary (Fig. 29a). Thus the chemistry, 
like the mineralogy, indicates that the Raspberry basalt 

Table 2. Representative chemical analyses of Raspberry basalts. 

Alkali olivine basalt Hawaiite Mugearite 

Spec. no. 2657 36 52 80 79 54 78 2875 

Si02 47.00 45.00 47.60 46.00 46.50 46.00 49.40 47.30 
AI20 3 16.00 16.20 16.50 17.00 15.90 16.40 18.30 14.40 
Fe203 2.50 3.60 3.30 2.80 3.00 5.52 4.00 8.00 

FeO 10.00 9.60 8.00 8.90 9.60 7.70 6.50 7.00 
MgO 5.80 6.41 6.66 4.84 6.67 3.24 2.89 3.40 
CaO 8.40 8.23 8.96 8.97 8.10 8.10 7.83 6.40 

NaCO 3.00 3.00 3.10 3.20 3.20 3.90 4.10 4.30 
K2 1.10 1.31 1.11 1.26 1.26 1.39 1.67 1.90 
Ti02 2.65 3.36 2.49 2.84 2.96 3.01 2.30 2.80 

P20S 0.44 0.46 0.40 0.47 0.47 0.62 0.81 1.30 
MnO 0.17 0.17 0.15 0.18 0.20 0.21 0.16 0.23 
S 0.0 0.06 0.07 0.09 0.08 0.07 0.06 0.0 

NiO 0.0 0.01 0.01 0.01 0.0 0.01 0.0 0.0 
Cr203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
COd 0.30 0.0 0.0 2.10 0.10 2.70 1.20 1.40 
H2 1.60 2.60 1.00 2.10 2.60 1.30 1.00 1.70 

Total 99.56 99.65 100.25 100.76 100.64 99.78 100.20 99.92 
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Figure 28. Harker diagram showing the chemical variation 
in weight per cent of 21 analyzed Raspberry basalts with 
respect to silica. 
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forms a sodic suite within the alkali olivine basalt series. A 
further subdivision, using the Thornton and Tuttle (1960) 
differentiation index (D.I.) according to the scheme 
proposed by Thompson et al. (1972) indicates about equal 
numbers of alkali olivine basalts (9) and hawaiites (10), and 
two mugearites (Fig . 29b) . The shift to higher D.l. values 
is clearly due to an increase in the percentage of feldspar 
phenocrysts. The two mugearites (D .I. > 45) are from the 
highly porphyritic (> 50% feldspar phenocrysts) unit at the 
top of the Raspberry section along Mess Creek Escarpment. 
Thus the trend toward mugearite in these data does not 
necessarily reflect a liquid line of descent, but rather a shift 
in bulk composition caused by removal of an iron-rich liquid 
residue from a mush of early formed plagioclase 
phenocrysts. In fact the most notable feature of the Rasp
berry basalt is the absence of any well defined chemical 
trend . The lavas appear to be the product of a fairly uniform 
batch of primitive magma. If part of the batch did evolve 
into more highly fractionated end members, no evidence 
that any of them erupted during Raspberry time exists. 



LITTLE ISKUT FORMATION 

GENERAL GEOLOGY 
Introduction 

L ittle Iskut flows and breccia are confined to a rela
tively small area about 10 km across, in the north

eastern Spectrum Range (Fig. 30; Map 1623A, in pocket) . 
They form prominent cliffs around the eastern end of both 
Artifact and Stewpot ridges (Fig. 31) but, except for two 
relatively thin flows in Mess Creek Escarpment, they do not 
appear in more distal sections. The pile rests conformably 
on Raspberry basalt and is overlain conformably by 
Armadillo trachyte and rhyolite. It has a maximum thick
ness of about 300 m near the centre of Artifact Ridge and 
thins rapidly from that point, decreasing to only 90 m 
on Stewpot Ridge. 

The succession is subdivided into a lower, light 
coloured unit comprising pyroclastic and aquagene breccias 
and an upper unit of thick dark grey subaerial lava flows and 
associated flow breccia (Fig. 32). Both the geometry of the 
pile and the presence of coalescing dyke swarms and altera
tion pipes along the north side of Artifact Valley suggest that 
the Little Iskut pile was a small, symmetrical shield, whose 
central vent lay near the bend in Artifact Valley (Fig. 30). 
Its total volume is estimated to have been about 14.3 km3 . 

Lower unit 

The lower part of the Little Iskut pile forms a distinc
tive, light coloured recessive unit 15-140 m thick that con
trasts with massive columnar flows of the underlying 
Raspberry basalt and dark irregular flows of trachybasalt in 
the upper part of the Little Iskut pile . The most abundant 
rock type is a " crackle breccia" comprising closely fitted 
polygonal chunks of trachybasalt from the size of coarse 
lapilli up to about 20 cm across . The bounding faces of adja
cent polygons are commonly smooth, gently curving or pla
nar fracture surfaces. In most outcrops no evidence of 
relative movement along these surfaces is seen, but locally 
the precisely fitted polygons are disrupted along zones of 
secondary fracturing. Within these zones the polygons have 
been more or less rotated to produce an open breccia in 
which the interstitial voids are lined with secondary 
minerals . In many of these fracture zones, the larger poly
gons are surrounded by a matrix of smaller polygons 
cemented by iron-manganese oxide. 

Pervasive alteration of the " crackle breccia" has 
changed the normally dark grey trachybasalt to shades of 
pale yellow or brown. A small core of fine grained , nonpor
phyritic pale grey trachybasalt can be found in the centre 
of a few of the largest polygons, but even that has been 
altered. The cores of most polygons are a pale brown that 
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grades to a nearly white outer rind. Bounding fractures are 
commonly coated with yellowish-brown iron-manganese 
oxide . 

The "crackle breccia" is associated with varying 
amounts of pumice, crystal tuff and explosion breccia . The 
more northerly exposures , in Raspberry Pass , have 1.5-4.5 
m of well sorted and bedded white, sand- to lapilli-sized 
pumice at the base (Fig. 33) . Locally this is overlain by a 
few metres of black vitrophyre containing conspicuous 
white weathering fiamme up to 2 cm long. Both the pumice 
and vitrophyre are slightly porphyritic, but they are com
monly overlain by a crystal tuff of lightly welded fine 
yellowish-white ash containing abundant crystals of clear, 
white tabular feldspar up to 5 mm long. This material is 
overlain by 60-90 m of " crackle breccia" with isolated 
lenses and pockets of similar crystal tuff and bedded 
pumice. 

Both the basal pumice and the crystal tuff contain small 
angular accidental clasts of basalt. Along the northern edge 
of the pile these are rarely more than 2 cm across and form 
less than I % of most beds . Their size and number increase 
rapidly northward and locally, along the southeast end of 
Artifact Ridge, accidental basalt blocks up to 1.2 m across 
form up to 50% of the basal ash deposit. The angularity and 
size of these blocks, as well as the intense oxidation of the 
red and yellow enclosing pumiceous ash, suggest that the 
deposit is the proximal facies of an explosion breccia . 

Still farther south, on Stewpot Ridge, the lower unit is 
poorly developed. "Crackle breccia" is present in isolated 
lenses that grade laterally into normal flow breccia, crystal 
tuff and ash. The ash forms laminated beds of fine white 
pumice containing only a few small accidental clasts of 
basalt. 

Upper Unit 

The entire upper part of the Little Iskut pile consists of 
trachybasalt lava flows (Fig . 34). Most are highly irregular, 
with varying proportions of lava and flow breccia within a 
single cooling unit. Viewed from a distance the section 
appears to be made up of discontinuous lenses of lava in a 
rubbly pile of rusty breccia that contrasts with the regular 
succession of uniform flows in the underlying Raspberry 
basalt. Individual cooling units are 9-18 m thick and include 
about equal amounts of crudely jointed , dark brown 
weathering lava and yellowish-brown flow breccia . With 
one exception , the flows are aphanitic, dark grey to 
greenish-grey, flow banded trachybasalt , either nonpor
phyritic or with a few small feldspar phenocrysts . The 
exception is a single abundantly feldsparphyric flow 
exposed near the centre of the thickest part of the pile on 
Artifact Ridge. 
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Figure 30. Paleogeological map and schematic cross-section showing the inferred maximum extent of 
Little Iskut trachybasa/t at the end of Little Iskut time, and the outer limits of the older Raspberry pile (dashed 
line). Stratigraphic sections are shown in Figure 32. 



Figure 31. Artifact Ridge, looking north from Obsidian 
Ridge. Thick irregular flows of Little Iskut trachybasalt form 
the lower part of the section (no. 3Lt, Fig. 32), and are overlain 
by light coloured Armadillo rhyolite. GSC 202468-K. 
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The flow breccia, unlike the hackly scoria common to 
basaltic lavas, consists mainly of discreet, fracture-bounded 
blocks and fragments up to 10 cm across. Many have the 
same equant, polygonal form that characterizes the lower 
"crackle breccia" , but unlike the latter the flow breccia par
ticles are completely disaggregated to form a loose, ran
domly stacked mass. Nor has the flow breccia been bleached 
and altered to the same extent as the' 'crackle breccia". The 
larger clasts are medium grey and only slightly lighter 
coloured than the massive trachybasalt in the flows. Even 
the smallest particles have been only moderately altered to 
a pale greenish grey. 

Fracture and joint surfaces in both the flows and flow 
breccia are covered with a deep brown resinous to iridescent 
varnish of iron-manganese stain. On stable slopes, where 
deep weathering has produced spheroidal surfaces on the 
flows, the iron-rich weathering rind is up to 2 cm thick . 
Iron-manganese oxides are also the dominant vesicle and 
fracture filling, nearly every opening being lined with 
botryoidal encrustations of manganiferous goethite. 

6L1 

Aphyric flow 
Feldsparphyric flow 
Flow breccia 
Crackle breccia 
Lithic ash and lapilli 
Pumice 
Vitric ash flow 
PyroclastiC breccia 

I---:--=,Basalt 

Figure 32. Typical stratigraphic sections of Little Iskut trachybasa/t show
ing variations in morphology and the relationship of the lower "crackle brec
cia" to changing lake levels. Section numbers (1-7) refer to locations shown 
on the paleogeological map (Fig. 30). Lt, Little Iskut Formation ; R, Raspberry 
Formation. 
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Subvolcanic structures 

Two poorly exposed, low, northeasterly trending 
ridges of trachybasalt along the break in slope on the north 
side of Artifact Creek are believed to be coalescing dykes 
or small irregular intrusions that were probably part of the 
Little Iskut conduit system. A third feature, also at the base 
of the section, on the north side of Artifact Creek, appears 
to be part of a conduit through which a large volume of gas 
and particles was discharged. The basal "crackle breccia", 
and overlying trachybasalt flows are cut by a group of 
irregular, funnel-shaped bodies of explosion breccia 1-10 m 
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Figure 33. Sketch of pyroclastic and lacustrine beds at the 
base of the Little Iskut succession in Raspberry Pass (section 
6L1, Fig. 32). 

across. Within the funnels an aggregate of highly oxidized, 
red, scoriaceous pyroclastic debris has been cemented into 
a cohesive mass. Locally melting has produced irregular 
pockets and veinlets of interstitial lava. Both the explosion 
breccia and the surrounding wall rock have been bleached 
nearly white for about 5 cm adjacent to all fractures, indicat
ing that fumarolic gases continued to flow through them 
after formation of the breccia funnels. 

Origin 

The absence of fluvial deposits beneath the Little Iskut 
pile suggests that it was erupted soon after Raspberry activ
ity ceased. It occupies approximately the same area as that 
believed to have been flooded by water ponded behind Rasp
berry basalt which dammed the ancestral Little Iskut River. 
The initial activity that produced the basal pumice may have 
begun as a subaqueous eruption within this lake (Fig. 35). 
The thick pile of angular explosion breccia at the base of 
the pile in Artifact Valley has several features that suggest 
such an origin. The pumice, in which the large angular 
accidental blocks of basalt are suspended, has undergone 
much more intense hydrothermal alteration than pumice 
elsewhere in the pile. Also, it retains traces of deformed 
laminar bedding. The lake could not have been more than 
a few hundred metres deep and the subaqueous pile of brec
cia must soon have grown above its surface. Showers of 
pumice thrown from the emergent vent fell back into the 
lake and settled to form the graded laminar beds that occur 
at the base of most sections in the distal parts of the pile. 
The small volume of ash and pyroclastic deposits in the Lit
tle Iskut pile indicates that the initial explosive activity was 
short lived. It was followed by rapid effusion of a large vol
ume of trachybasalt lava from one or more vents near the 
centre of the shield. Where these entered lake water, around 

Figure 34. Irregular flows of Little Iskut trachybasalt with characteristically 
thick flow-top and basal breccia. GSC 204627-8. 
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Figure 35. Schematic cross-sections showing the relationship of the upper and lower members of the 
Little Iskut Formation to the progressive displacement of Raspberry lake by lava. 
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a - Fine grained phase with sparse microphenocrysts 
of olivine (01) and alkali feldspar (kf) (plane light) 

b - Porphyritic phase with large euhedral phenocrysts 
of alkali feldspar (kf) and microphenocrysts of 
titaniferous ferroaugite (px) with rims of green fer
rohedenbergite (plane light) 

Figure 36. Photomicrographs of Little Iskut trachybasalt; scale bar 0.5 mm. 

the periphery of the growing pile, they were quenched and 
shattered to form the "crackle breccia" of the lower unit. 
Thus, except for the basal pumice, the lower unit is probably 
not the product of a widespread early eruptive event. It is 
more likely a diachronous, subaqueous facies that devel
oped along the margins of the pile where the distal ends of 
successive flows entered the lake. As the edifice grew each 
flow advanced slightly farther covering the quenched mar
gins of preceding flows and, on entering the lake itself, 
adding a new wedge of "crackle breccia" to the outer mar
gins of the pile. 

Variations in the elevation of the top of the "crackle 
breccia" suggest that the original outlet of the lake into Lit
tle Iskut River was dammed by early flows and that its level 
rose during construction of the shield (Fig. 32). In several 
sections the transition from subaqueous breccia to subaerial 
flows occurs at an elevation of about 5200 ft. (1585 m) 
whereas a transition at about 5500 ft. (1675 m) is common 
to several others . These are interpreted to be, respectively, 
the initial and maximum lake levels. The latter was probably 
controlled by the elevation of the divide between Little Iskut 
River and Mess Creek drainage. Once the lake rose to that 
level it began to drain west into Mess Creek. 

Ultimately the lake water was displaced by lava and a 
few of the uppermost flows spread far beyond its original 
shores. Two of these are exposed in Mess Creek Escarp
ment about 14.5 km from the centre of the Little Iskut 
shield. 

Throughout most of its active life, Little Iskut volcano 
produced a very uniform, nonporphyritic trachybasalt lava . 
Although each surge of activity yielded a very large volume 
of lava, it appears to have issued quietly in the form of mas
sive flows with little related fire fountaining or explosive 
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activity and hence, little associated tephra. Many of the 
pyroclastic deposits in the pile contain a high proportion of 
feldspar crystals suggesting that they may be related to the 
relatively small volume of porphyritic flows within the 
upper succession. This may have originated as nonpor
phyritic trachybasalt magma that became trapped and under
went fractionation in high level reservoirs where feldspar 
crystallization was accompanied by separation of a volatile
rich phase. This more highly evolved magma would thus 
tend to erupt more explosively than the more primitive par
ent magma and hence generate proportionally more tephra. 

PETROGRAPHY 
The Little Iskut trachybasaJt flows are holocrystalline, 

very fine grained rocks with pronounced eutaxitic textures 
(Fig. 36). Potassic anorthoclase and ferruginous 
clinopyroxene (Fig. 37, Table 3) are the dominant minerals 
in both ground mass and phenocrystic phases . Aenigmatite 
is present in the ground mass of some flows and iron-rich 
olivine forms abundant microphenocrysts in a few others. 
Opaque oxides are extremely fine grained and are confined 
to the groundmass. 

The groundmass feldspars, though strongly oriented, 
occur as stout, feathery laths having sinuous, often inter
locking common boundaries. The absence of interstitial 
glass in such highly foliated rock suggests that crystalliza
tion of the feldspars began early and continued during the 
final cooling of the lava, after the flows had come to rest. 
Sparse feldspar phenocrysts, commonly less than 3 mm 
long, occur in about half of the sections examined . They 
comprise euhedral laths of anorthoclase having simple 
pericline or crosshatched twinning and displaying sharp 
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Figure 37. End-member plots showing compositions of 
feldspar, pyroxene, and olivine in Little Iskut trachybasalt, 
based on 21 microprobe analyses. Six representative ana
lyses, identified by numbers (LlG1, LlP2 etc.) are listed in 
Table 3. 

crystal boundaries against the foliated groundmass (Fig. 
36b). They are slightly less potassic than the groundmass 
feldspar (Fig. 37) but little or no internal zoning is apparent 
from either optical or microprobe data. 

The ground mass pyroxene occurs as tiny irregular, 
intergranular prisms of pale yellow to deep green , 
pleochroic ferrohedenbergite. Pyroxene phenocrysts and 
microphenocrysts are mainly less than I mm long. They 
have a slender, spindle-shaped habit and are commonly 
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Figure 38. Harker diagram showing chemical variation in 
weight per cent for 6 analyzed specimens of Little Iskut 
trachybasalt. 

strongly zoned from cores of purplish-brown titaniferous 
ferroaugite to deep green rims approaching ferrohedenber
gite in composition (Fig . 37). 

Microphenocrysts of fayalite (F03) occur in several 
flows throughout the Little Iskut pile . Where present, they 
tend to be fairly abundant, forming up to 50 % of the total 
phenocrysts . The equant , pale yellow crystals , mostly less 
than 0.5 mm across, are evenly dispersed throughout the 
rock. They are commonly associated with , and may partly 
enclose , pale green euhedral microphenocrysts of ferrosa
lite of about the same size. The pyroxene in the olivine
bearing rocks, though similar chemically , differs from that 
in other Little Iskut trachybasaIts in its tendency to be 
unzoned and to form stout prisms rather than slender 
spindle-shaped crystals. 
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Table 3. Selected microprobe analyses and structural data for feldspar, pyroxene 
and olivine from the Little Iskut trachybasalt. 

Feldspar Pyroxene Olivine 

Pheno- Ground- Pheno cryst Ground- Pheno-
cryst mass core rim mass cryst 

LI Fl LI F2 LI Pl LI P2 LI P3 LI 01 

Si02 62.36 65.48 48.27 47.61 47.81 30.04 
AI60 3 21 .98 19.55 2.67 1.83 1.35 0.0 
Ti 2 0.05 0.02 1.28 1.37 0.64 0.08 

Cr203 0.0 0.0 0.0 0.0 0.0 0.0 
Fe203 1.11 0.63 2.19 2.27 2.86 0.0 
FeO 0.0 0.0 16.74 24.34 21.45 65.25 

MnO 0.03 0.01 0.67 0.99 0.93 3.03 
MgO 0.0 0.0 7.97 3.71 4.16 1.03 
NiO 0.0 0.0 0.0 0.0 0.0 0.0 

CaO 4.90 1.36 19.55 19.00 20.50 0.54 
Nat? 7.11 7.12 0.42 0.38 0.36 0.0 
K2 2.18 4.87 0.08 0.03 0.0 0.0 

H2O 0.0 0.0 0.0 0.0 0.0 0.0 
F 0.0 0.0 0.0 0.0 0.0 0.0 

Total 99.72 99.04 99.84 101.53 100.06 99.97 

No. of ions on basis No. of ions on basis 
of 8 (0) No. of ions on basis of 6 (0) of 4 (0) 

Si 2.7954 2.9472 Si 
AI 1.1612 1.0370 AI 
Cr 0.0 0.0 Ti 
Fe3 + 0.0374 0.0213 Fe 

Cr 

AI 0.0 0.0 AI 
Cr 0.0 0.0 Ti 
Ti 0.0017 0.0007 Fe3 + 
Fe3 + 0.0 0.0 Cr 
Ni 0.0 0.0 Ni 
Fe2+ 0.0 0.0 Fe2+ 

Mn 0.011 0.0004 Mn 
Mg 0.0 0.0 Mg 

Ca 
Na 
K 

Ca 0.2353 0.0656 
Na 0.6180 0.6214 
K 0.1247 0.2796 

Finely disseminated opaque oxides form less than one 
volume percent of the rock. Accessory minerals are apatite , 
which is ubiquitous; aenigmatite, which occurs as small 
aggregates within the groundmass of some flows; and 
reddish-brown biotite, which appears to be a late, vapour 
phase mineral. 

Vesicles are either still open or only partly filled with 
manganiferous iron oxides and rarely lined with carbonate 
and analcime. The pervasive, carbonate alteration, that is 
so widespread in the underlying Raspberry basalt, is not 
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1.8867 1.8975 1.9197 Si 1.0059 
0.1133 0.0860 0.0639 AI 0.0 
0.0 0.0165 0.0165 Cr 0.0 
0.0 0.0 0.0 Fe3+ 0.0 
0.0 0.0 0.0 

0.0097 0.0 0.0 AI 0.0 
0.0376 0.0246 0.0029 Cr 0.0 
0.0644 0.0680 0.0863 Ti 0.0020 
0.0 0.0 0.0 Fe3 + 0.0 
0.0 0.0 0.0 Ni 0.0 
0.5472 0.8113 0.7203 Fe2+ 1.8273 
0.0222 0.0334 0.0316 Mn 0.0859 
0.4643 0.2204 0.2490 Mg 0.0514 
0.8187 0.8114 0.8819 
0.0318 0.0294 0.0280 
0.0040 0.0015 0.0 

Ca 0.0194 
Na 0.0 
K 0.0 

present. Except for oxidation along minute fractures the Lit
tle Iskut flows are fresh. Extending a few millimetres into 
the adjacent rock from these fractures are bleached, rusty 
zones, within which the pyroxene has been replaced by 
hematite and amphibole and some of the feldspar has been 
recrystallized. 

Thin sections of "crackle breccia" from the lower unit 
reveal a texture and mineralogy that resembles the fracture
controlled alteration zones in the flows of the upper unit. 
Surprisingly even the smallest polygons from the " crackle 



Table 4. Selected chemical analyses of typical 
Little Iskut trachybasalts. 

Trachybasalt 

Spec. no. 55 48 58 

Si02 48.00 51.20 51.90 
AI20 3 15.10 16.10 15.80 
Fe203 5.60 4.40 5.20 
FeO 6.80 6.60 6.00 
MgO 3.09 3.50 3.54 
CaO 8.29 6.92 6.92 
Na20 4.00 4.00 4.10 
K20 2.29 2.21 2.22 

.Ti02 3.08 2.54 2.72 
P20S 0.77 0.61 0.59 
MnO 0.26 0.20 0.18 
S 0.10 0.09 0.10 
NiO 0.0 0.0 0.0 
Cr203 0.0 0.0 0.0 
COd 1.00 0.0 0.0 
H2 1.00 1.70 1.40 

Total 100.18 100.07 100.67 

breccia" are holocrystalline. Interlocking anorthoclase 
laths form more than 90% of the rock, the remainder being 
very fine, irregular shreds of amphibole and patches of 
hydrous iron oxide which appear to be pseudomorphous 
after early formed, iron-rich pyroxene and olivine. The lat
ter minerals , surrounded by rusty oxidation haloes, are still 
preserved in the less severely altered cores of the largest 
polygons of the "crackle breccia". 

CHEMISTRY 
Six major-element analyses of Little Iskut trachybasalt 

were run (Fig. 38) of which three superior analyses are 
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Figure 39. Plots of Little Iskut trachybasalt on the total alkali 
vs . silica, and normative colour index vs. normative 
plagioclase composition diagrams of Irvine and Baragar 
(1971). 

listed in Table 4. They range from 48.6 to 52.5 % silica and 
from slightly quartz normative to slightly nepheline norma
tive. 

On both the Si02 vs. alkali and AFM diagrams (Fig. 
39 and 29a) the Little Iskut analyses plot close to the Rasp
berry basalt field but show a distinct bias toward higher 
Si02, total alkalis and iron. Similarly the Ab' -An-Or plot 
(Fig . 29a) shows a significant shift toward Or as compared 
with the Raspberry basalts . Whereas the latter plot almost 
entirely within the field ofIrvine and Baragar's (1971) sodic 
series , all the Little Iskut analyses plot in the trachybasaIt 
field of the potassic series . 
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ARMADILLO FORMATION 

GENERAL GlEOlOGY 

T he Armadillo Formation (Fig. 40, Map 1623A, in 
pocket) includes both felsic and basic lavas and 

pyroclastic rocks that issued from separate centres during 
a long period of bimodal volcanism. The felsic rocks, which 
include comenditic rhyolite and trachyte flows, domes and 
pyroclastic deposits, were erupted from a cluster of vents 
on and around Armadillo Peak. The basic centres are less 
clearly defined, but major, long-lived basaltic volcanoes 
must have developed both north and south of the felsic lava 
complex and spread thick lobes of flows west into the Mess 
Creek lowlands . In addition several small, short-lived basal
tic centres erupted within the main area of felsic volcanism, 
producing isolated basaltic flows which are now buried 
within the rhyolite-trachyte succession. 

Felsic rocks 

Eruption of felsic rocks during the Armadillo stage of 
activity produced two distinct facies : a proximal facies com
prising a felsic lava complex and a distal facies comprising 
a peripheral apron of mainly ash and sediment. The eastern 
third of the pile has been removed by erosion, but deeply 
dissected remnants of the central and western part provide 
excellent exposures of both extrusive facies, as well as 
several vents and subvolcanic structures. Pale green to dark 
olive-green, rusty weathering trachyte and white, green or 
purple rhyolite flows of the central lava complex underlie 
Armadillo Peak and cap most of the surrounding ridges. In 
the Highlands, the basal flows rest directly on pre-Tertiary 
basement that stood above the level flooded by Raspberry 
basalt. The contacts are sharp, in most cases lacking any 
intervening layer of clastic or pyroclastic debris, or they are 
separated by only a thin layer of ash, and less than a metre 
of colluvium deposited on the old basement surface. At 
lower elevations, where the Armadillo rests on Raspberry 
basalt, it is commonly underlain by a thin layer of colluvium 
or fluvial sediment deposited on the Raspberry flows. In 
contrast, contacts with Little Iskut trachybasaJt show no evi
dence of pre-Armadillo erosion or deposition of sediment. 
Armadillo ash and pumice have in fact been sifted into 
irregularities in a blocky upper surface of fresh Little lskut 
flows . 

Individual cooling units vary from small bulbous domes 
from 6-9 m thick and a few hundred metres across to comen
dite flows more than 150 m thick that are exposed for nearly 
6.5 km along the north side of Raspberry Pass (Fig . 41). 
The thickest flows commonly have a composite structure. 
A basal zone of vitreous, welded spatter with eutaxitic tex
tures is overlain by a few metres of granular or flow-banded 
obsidian . Above this, the lower half of most flows is a 
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dense, uniform dark green to greenish grey , blocky to 
crudely columnar massive rock, whereas the upper half is 
commonly a light green to purple platy rock with pro
nounced flow structure, often displaying complex flow folds 
with amplitudes of a few millimetres up to several tens of 
metres. Grooves and striations parallel to the direction of 
flow and transverse chattermarks indicate that the highly 
viscous flows continued to move until they were almost 
solid. In most stratigraphic sections the lava flows are sepa
rated by relatively thin partings of loose pumice, lightly 
welded ash flows, or by pockets of fluvial sand and gravel. 
An exception is found on Armadillo Peak where a thick 
sequence of dark, greenish grey, porphyritic trachyte flows 
are stacked one on another without any clastic or pyroclastic 
partings. 

At the summit of Raspberry Pass, the Armadillo flows 
have a composite thickness of more than 460 m but, 6.5 km 
farther west, they end abruptly and are flanked by a rela
tively thin apron of clastic and pyroclastic deposits interbed
ded with the thin, distal ends of basaltic flows that lapped 
against the edge of the steep-sided felsic pile (Fig. 42). On 
the northern edge of the felsic lava complex more than 300 
m of comendite and trachyte flows, exposed on Cartoona 
Ridge, thin to less than 90 m 3 km farther north and to less 
than 30 m of ash and gravel within another 1.5 km. Simi
larly, the southern margin thins from 150 m of lava flows 
on the north side of Artifact Creek to a single 9 m ash flow 
on the south side. Thus, the original form of the felsic lava 
complex was that of an irregular cluster of overlapping, 
steep-sided lobes that coalesced to form a thick, amoeboid 
mass of lava more than 19 km across. 

The felsic lava complex is a composite pile that origi
nated from several separate vents, four of which have been 
recognized: Armadillo caldera is believed to be the prin
cipal centre of activity whereas Cartoona Ridge, Tadeda 
Peak, and IGC Dome are satellitic vents (Fig . 40). The 
order in which these centres erupted is not known, nor can 
the flows from anyone vent be recognized where they 
merge with those from another. Hence, no attempt is made 
to map the precise distribution of flows from the different 
centres. Nevertheless, the eruptive products surrounding 
each vent display subtle differences that indicate a unique 
history for each. 

Cartoona Ridge centre 

Cartoona Ridge is a pie-shaped remnant of Armadillo 
lava and pyroclastic deposits about 8 km north of Armadillo 
caldera (Fig. 43). At the narrow eastern end of the ridge a 
complex vent area about 0.5 km across is exposed on two 
sides. Breccias, small overlapping domes, crosscutting 
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ARMADILLO FORMATION 

Figure 41. Looking northeast across Raspberry Pass at the south slope of Gnu Butte. Gently dipping, 
Early Tertiary sandstone and conglomerate beds in foreground are overlain unconformably by Raspberry 
basalt flows in the lower part of the Butte. Upper part of Butte is interlayered Armadillo basalt, comendite, 
and epiclastic deposits derived from thick comendite flows that form ridge at upper right. (see Fig. 42) 
GSC 125 603. 
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Figure 42. Cross-section through Gnu Butte, showing the relationship between comendite and basalt 
flows near the western edge of the Armadillo felsic pile. 

feeder pipes and swarms of dykes in and around the vent 
area have all been more or less altered by hydrothermal 
action. The breccia fragments , particularly, are bleached to 
a chalky white and coated with a thin yellow, ochre or 
iridescent manganese-iron rind that contrasts with green, 
greenish-grey weathering of more distal trachyte flows 
which form the western part of the ridge. 

The Cartoona Ridge lavas are underlain by a layer of 
unconsolidated pumice and crystal ash interlayered with a 
few highly welded ash flows as well as finely laminated silt , 
sand and pebble layers composed of reworked pumice, 
trachyte and rhyolite. Many of the sediments contain small 
granules of obsidian whereas others are rich in crystals of 
feldspar and quartz. Small chips of shale, presumably torn 
from the conduit wall, are present in the air-fall pumice, and 
charred wood and plant debris are present in the basal layer . 
Near the vent this unconsolidated layer is about 150 m thick. 
It thins and becomes finer grained toward the north and 
west, and is missing completely beneath the flows that cap 
the ridges south of Chakima Creek. Whether the pumice of 
this basal layer was erupted from the Cartoona Ridge vent 
or simply preserved by later burial beneath the Cartoona 
Ridge lavas is uncertain . In any case, the high proportion 
of tuffaceous sediments in the basal layer indicates that a 
considerable interval of time elapsed between the first 
explosive discharge of pumice and extrusion of the first 
lavas from the Cartoona Ridge centre. The pumice unit 
occupies a topographic depression on the south side of the 
Armadillo basement-dome which surrounds the caldera, 
and much of the tuffaceous sediment was probably flushed 
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off these adjacent Highlands and redeposited in the Car
toona Ridge basin. It is apparent from the map and cross
section (Fig. 43) that distribution of the pumice unit cor
responds almost exactly with the distribution of Raspberry 
basalt which was channelled into the same topographic 
depression two to three million years earlier. It seems prob
able that this basal, unconsolidated layer is of composite ori
gin, derived from the initial pyroclastic eruptions of several 
nearby centres, including Armadillo caldera. 

The first major discharge of Armadillo lava is believed 
to have erupted from the Cartoona Ridge centre (Fig. 44) 
since it is only beneath these lavas that the extensive air-fall 
pumice is preserved. The vent area, exposed near the east
ern end of Cartoona Ridge is about 0.5 km across and con
sists mainly of hydrothermally altered explosion breccia 
made of angular, loosely fitted blocks of bleached rhyolite 
and trachyte up to 2 m across. On the south side, the breccia 
is exposed down to basement rocks and clearly cuts the 
overlying Raspberry basalt and basal pumice layer as well 
as the lower Armadillo flows. Rocks adjacent to the breccia 
are themselves highly fractured and altered for about 100 m 
around the breccia. Fracture surfaces are stained with iron
manganese oxide and the adjacent rock is bleached white. 
The northern side of the ridge exposes a group of 
mushroom-shaped lava domes and feeder pipes surrounded 
by vent breccia (Fig . 45) and the entire vent complex is cut 
by north-trending green trachyte dykes with glass selvages. 
At least six thick flows of comendite were extruded from 
the Cartoona Ridge centre in fairly rapid succession (Fig. 
43). Each cooling unit includes a basal part of dense green 
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Figure 44. View looking north at Cartoona Ridge. 
Hydrothermally altered explosion breccia, deposited around 
the eruptive vent, forms the right end of the ridge, whereas 
thick flow lobes form the central and left portion. Central 
dome of Mount Edziza in background. GSC 202468-L. 
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Figure 45. Sketch of nested lava domes on the north side 
of Cartoon a Ridge. 

porphyritic lava with small (2-3 mm) randomly oriented 
equant feldspar phenocrysts. This is overlain successively 
by purplish or greenish-white porous, flow banded rock, 
and finally by a frothy, glass-bearing, flow-top breccia. 

On the western part of the ridge the six flows have a 
composite thickness of 365 m and a remnant of similar lava 
extends southwest, thinning to less than 60 m in about 5 km. 
The earlier flows are overlapped successively by younger 
flows toward the west. Initial dips of 10-15° are common, 
but the basal surface of most flows is highly irregular, in 
places lapping against the steep margins of underlying 
flows. 
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The Cartoona Ridge comendite flows and vent breccia 
are overlain by remnants of a 9-18 m thick younger trachyte 
flow which rests on an east-dipping erosion surface. It is not 
underlain by gravel, nor is there channelling, weathering or 
other evidence of extensive erosion of the underlying rocks 
prior to its extrusion. It is lithologically similar to acmite
bearing trachytes surrounding Armadillo caldera and may 
have been erupted from a satellitic vent during that stage of 
activity. 

Armadillo caldera 

Armadillo caldera is an elliptical structure about 5 km 
across its north-south axis and 3 km across its east-west axis 
(Fig. 46). It is located near the centre of an ancient basement 
high that predates the eruption of Raspberry basalt. Post
Armadillo erosion has removed almost all of the original 
deposits which formerly covered its surface and cut deeply 
into the subvo1canic regime, exposing more than 900 m of 
vertical section. Except for the northwest corner, which is 
covered by glacial ice, moraine and recent lava flows, the 
structure is defined by a fairly continuous ring-fracture 
which cuts the basement rocks and, along part of the north
ern contact, extends up through the superincumbent pile of 
lavas. 

Inside the structure the rocks below 6500 ft. (1975 m) 
in elevation include a highly fractured assemblage of 
trachyte lavas and breccias that have all undergone varying 
degrees of hydrothermal alteration. In the central part of the 
structure, alteration appears to be controlled by north
northwesterly trending fractures. These vertical zones of 
fractured and bleached, limonitic rock alternate with rela
tively unaltered screens of massive, green, fine grained por
phyritic rhyolite and trachyte. This same 
north-northwesterly trend is reflected in irregular or crudely 
tabular intrusions of medium grained, light grey soda gran
ite that cut the altered rocks within the caldera and less com
monly form dykes cutting the basement outside the ring 
fracture. The granite itself is relatively fresh but the adjacent 
rock, whether trachyte or basement sediments, is intensely 
altered. Along the east and western margins, where granite 
has invaded the ring fracture and comes in contact with the 
basement rocks, dark grey to black Jurassic shale and silt
stone are altered to a pale greyish white hornfels for 9-12 
m from the contact. 

Overlying the altered rocks of the lower caldera com
plex and forming most of Armadillo Peak (Fig. 47) is a 180 
m section of relatively thin (3-9 m) dark olive-green trachyte 
flows. Seen from a distance the pile has a regular horizontal 
layering but on close examination the actual contacts 
between individual cooling units are difficult to determine. 
There is little or no pyroclastic material between them and 
rarely any textural or colour change indicative of cooling 
or alteration of flow boundaries. Most of the rock is por
phyritic and some phases have up to 2 % equant feldspar 
phenocrysts 5-10 mm across. The texture of these rocks is 
similar to that of porphyritic dykes in the lower part of the 
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Figure 47. View looking west at Armadillo Peak, a thick pile 
of flat-lying trachyte flows which were originally ponded 
within Armadillo caldera (see Fig. 44). GSC 202468-M. 

cauldron succession, except that the ground mass of the lat
ter is finely crystalline whereas that of the lavas is aphanitic. 
The contact between the lower caldera complex and the 
superincumbent pile of lavas appears to be planar and 
horizontal, conforming almost exactly with the 6500 ft. 
(1980 m) contour. In detail it is gradational, showing a 
gradual upward decline in the intensity of alteration across 
a distance of 15 to 30 m. However, local zones of intense 
alteration in the lower complex are truncated by relatively 
unaltered lavas of the upper sequence. Along the southern 
edge of the caldera a few porphyritic granite dykes project 
up into the lower part of the lava, imposing a rusty alteration 
on the trachyte flows and terminating in a branching stock
work of dykelets and veins only a few centimetres across. 

Near the summit of Armadillo Peak the lava sequence 
is overlain by about 30 m of coarse, bedded tuff and breccia 
with angular to sub rounded clasts of light grey to yellowish 
white trachyte and rhyolite from a few millimetres to about 
10 cm across . Although some beds are a few metres thick, 
and display little or no sorting, most of the section com
prises 5-\ 0 em thick beds in which the clasts are well sorted, 
often displaying grading, channelling and crossbedding 
which suggest that they have been reworked and redeposited 
in a body of water. 

The bounding ring-fracture is a zone of vertical shear
ing along which the rock has been intensely altered to a 
hard, siliceous , limonitic gouge and microbreccia . Along 
much of the contact the fracture zone is defined by a series 
of jagged, dark reddish brown spires and stacks which have 
remained standing after the less resistant surrounding rock 
was eroded away (Fig. 48). Trachyte dykes are present 
along short intervals of the contact but no extensive ring 
dykes were recognized. Similarly, the granite bodies, while 
confined largely to the interior of the structure, do not 
appear to have been channelled along the bounding fracture. 
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Remnants of lava from Armadillo caldera are exposed 
almost continuously for about 13 km toward the southwest. 
Originally these were part of two great lobes of trachyte and 
rhyolite that overflowed the relatively low western rim of 
the caldera. A remnant of the smaller and more northerly 
lobe caps IGC Ridge and is up to 210 m thick. The much 
larger southern lobe, exposed on the north side of Raspberry 
Pass, is locally more than 460 m thick and must once have 
flanked the entire southwest quadrant of the caldera in a con
tinuous sheet of lava extending more than 10 km from its 
source. 

Tadeda center 

Tadeda Peak is a steep, bright red and yellow pyramidal 
horn, flanked by a nearly continuous apron of talus , felsen
meer and landslide deposits which cover all but the upper
most slopes (Fig. 49) . Precipitous spires and narrow 

Figure 48. View north into the central part of Armadillo cal
dera. Arcuate rib across central ridge is an erosional remnant 
of silicified microbreccia in the bounding ring-fracture zone. 
Cartoona Ridge and Mount Edziza in background. GSC 
202468-N. 

Figure 49. Looking west at the summit area of Tadeda 
Peak, a satellitic, Armadillo eruptive centre. GSC 202468-0. 



serrated ridges of the summit area consist almost entirely 
of trachyte breccia, shattered trachyte flows , and swarms of 
dykes. The breccia and highly fractured lava are intensely 
altered, the fractures filled with secondary hydrothermal 
minerals. These include chalcedony, opal, minor calcite, 
iron-manganese oxides and pyrite which occurs both as 
veinlets and as disseminations of tiny cubes in the bleached , 
nearly white rock fragments. 

The only clue to the underlying structure of Tadeda 
Peak is provided by an exposure on the northwest side of 
the mountain, 1800 ft . (550 m) below the summit. There 
basement rocks of Jurassic shale are cut by a 300 m long 
swarm of north-northwesterly trending rhyolite dykes. The 
projection ofthis swarm passes under the vent and is parallel 
with the trend of both fractures and granitic dykes in and 
around Armadillo caldera farther east. No estimate of the 
amount of material erupted from the Tadeda centre is possi
ble but it was certainly the site of prolonged and vigorous 
fumarolic activity. 

ICC centre 

The IGC centre is a single vent on the extreme western 
edge of the felsic lava complex, about 10 km from 
Armadillo caldera (Fig. 50). The vent area has been almost 
completely isolated by erosion, providing a beautifully 
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exposed cross-section almost directly through the centre of 
the conduit (Fig. 51). The basal vent breccia rests on a 
nearly flat erosion surface that truncates an older pyroclastic 
cone of Raspberry basalt comprising steeply dipping basal
tic tephra, agglutinated spatter and thin basalt flows. The 
basal IGC explosion breccia is a crudely bedded, chaotic 
mixture of fine rhyolitic ash, fragments of altered rhyolite, 
and small globular masses of granular obsidian, surround
ing loosely stacked accidental clasts of the underlying basalt 
and pre-Tertiary basement rocks torn from the conduit 
walls. Most of the clasts are angular and from less than I 
cm to more than 1 m across, but a few well rounded cobbles 
and boulders are probably from fluvial deposits incorpo
rated in the vent breccia. 

The vent breccia is overlain by an asymmetrical dome 
of green comendite which forms a 120 m thick remnant on 
the west end of the ridge. The eastern, partly covered con
tact, is nearly vertical, whereas the western end, truncated 
by erosion, rests on a nearly flat surface. The slope of the 
cooling surface is mimicked by cryptic flow layers and 
widely spaced joints in the dom\! . Long slender columns 
form a spectacular fan normal to this surface (Fig. 52) . 

The base of the dome is defined by a layer of black, 
granular obsidian . Along the steep eastern contact the glass 
layer is about 2 m thick and in direct contact with the basal 
vent breccia on one side and with flow banded trachyte on 
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Figure 50. Cross-section of the IGC eruptive centre, the most westerly of the Armadillo satellitic vents. 
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Figure 51. Looking north at the dissected plug dome and 
breccia filling the IGC vent. (photo by R.L. Armstrong). GSC 
204627. 

Figure 52. Fan of long, slender columns in the central part 
of IGC plug dome. GSC 202468-P. 

the other. Farther west where the structure flattens the 
obsidian is both overlain and underlain by a thin, welded 
layer of green, to greenish-blue pyroclastic rock with 
prominent eutaxitic texture (Fig . 53). The faint outlines of 
similar fiamme, up to 10 cm long, are visible on weathered 
surfaces of the obsidian indicating that it too originated by 
welding of hot, particulate material. At the extreme western 
end of the exposure the wedge of densely welded pyroclastic 
rock between the base of the dome and the top of the coarse 
vent breccia thickens to more than 20 m (Fig. 54) . There 
the basal vent breccia is overlain by only 2 m of very fine 
white porcelain-like, unwelded but lithified ash cemented by 
secondary silica. This is overlain by a succession of eutax
itic rocks comprising at least four separate cooling units. 
Green to bluish-green welded lenticulite with perfectly 
formed fiamme up to 25 cm long and 2 cm across is the most 
common variant, but in one 1.5 m layer the green fiamme 
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are enclosed by a reddish-brown oxidized matrix. The per
sistent obsidian layer along the base of the dome is here 
more than 7 m thick and, although freshly broken surfaces 
appear to be structureless, granular to conchoidal black, lus
trous glass, the outlines of lenticular fiamme up to 20 cm 
long are faintly visible on weathered joint faces. The obsid
ian grades upward into a layer about 12 m thick of greenish
blue, subvitreous lenticulite which, in turn, grades upward 
into flow banded comendite of the overlying lava dome. 

The main body of the dome is green, fine grained, non
porphyritic comendite. Only the lower 15-30 m display flow 
layering. Above that the rock is either uniformly fine 

Figure 53. Prominent eutaxitic texture in welded pyroclas
tic layer within the western part of the IGC conduit, under the 
plug-dome (photo by Ulrich Kretschmar). GSC 202468-0. 
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grained or contains ovoid, white alteration patches 1-2 cm 
across . Near the top of the ridge the rock contains irregular, 
roughly aligned voids 1-10 mm across with smooth, 
botryoidal interiors lined with a thin coating of native sul
phur. 

The lava dome and welded deposits along its lower con
tact show little evidence of vapour phase alteration. Except 
for sulphur lining the voids and the presence, locally, of 
white alteration spots, the comendite and associated glass 
are extremely fresh. This is in sharp contrast with the under
lying vent breccia which is riddled with anastomosing chan
nelways along which the matrix and fragments of the breccia 
have been transformed to soft ochre and yellow clay by the 
upward streaming of hot, fumarolic gases. 

A substantial amount of time must have elapsed 
bctwcen the first explosive discharge of gas and coarse 
debris that formed the IGC vent breccia and distal ash flows 
and subsequent extrusion of the dome. During this time sol
fataric activity produced the alteration pipes in the breccia 
and deposited the thin, white, porcelain-like layer of sili
ceous sinter on the nearly flat crater floor. The period of 
quiet degasing was broken by several successive bursts of 
pumice and particulate material from the main vent. The dis
charge was directed westward depositing showers of molten 
particles that form the vitreous eutaxitic deposits that under
lie the western part of the dome. Extrusion of lava followed 
shortly thereafter, welling out in a great bulbous, steep
sided dome. As it grew larger cascades of semi molten scale 
were shed from its surface and overridden by the expanding 
mass where the flattened particles fused together to form the 
basal, vitroclastic layer of obsidian. 

The timing of the IGC eruption relative to other centres 
in the central lava complex is not known for certain, but it 
is thought to be intermediate in age between the initial erup
tion of Cartoona Ridge and the massive effusion of felsic 
lavas from Armadillo caldera. The presence of otherwise 
rare, euhedral aenigmatite phenocrysts in the comendite and 
associated glass of IGC dome and also in welded ash flows 
and air-fall pumice in Mess Creek Escarpment suggests a 
correlation. If this is valid then the IGC dome and the ash 
flows 6 km farther west, are proximal and distal deposits 
produced by the same event. This interpretation is in agree
ment with the local stratigraphy. In Mess Creek Escarpment 
the aenigmatite-bearing ash flows and tephra are underlain 
by primary air-fall pumice and trachyte-cobble fluvial 
gravel probably derived respectively , from the initial erup
tion and subsequent erosion of the Cartoona Ridge pile. 
Also, the ash flows are both overlain and underlain by 
several thin basalt flows. The dome is overlapped by felsic , 
fluvial gravels and pumiceous sand derived partly from IGC 
dome itself but mainly from domes and piles of flows grow
ing farther east, in the vicinity of Armadillo and Tadeda. 
These fluvial beds are overlain by a few thin basalt flows 
from an unknown intra-Armadillo source, and immediately 
east of IGC dome the basalts are overlain by a 150-21 0 m 
thick succession of comendite flows that extend eastward 
toward a source in the vicinity of Armadillo or Tadeda . 

ARMADILLO FORMATION 

Distal facies 

The apron of sediment and ash that surrounds the cen
tral Armadillo felsic lava complex is exposed almost con
tinuously along the Mess Creek Escarpment as far north as 
Kadeya Creek and as far south as Nagha Creek . Most of the 
eastern side of the pile was removed by erosion but small 
lenticular units are preserved in sections on Artifact Creek 
and the south fork of Tennaya Creek. The basal beds are 
probably co-extensive with unconsolidated ash and sedi
ment that underlie the Cartoona Ridge lavas, but most of the 
material in the distal part of the pile is fluvial, and postdates 
eruption of the Armadillo lavas. 

A wedge of clastic debris extends north from Cartoona 
Ridge for about 10 km. The proximal edge includes an inter
layering of thin lava flows, blocky debris flows, welded ash 
flows, air-fall pumice and reworked rhyolitic, clastic 
deposits . Some of the redeposited material is fine, laminated 
tuff, whereas some is coarse subrounded material resem
bling landslide debris, talus and colluvium. The most north
erly exposure is a thin crystal-rich, highly welded ash flow 
with black glassy fiamme up to 15 cm long and 1 cm thick . 
It forms a lenticular exposure about 0 .8 km long on the south 
side of Idiji Ridge where it rests on one of the distal flows 
of Raspberry basalt which, like the ash flow itself, was 
channelled into an old bedrock valley . 

Sediments derived from the Armadillo deposits were 
not observed on the southeast part of the pile , but a single, 
moderately welded crystal-rich ash flow extends about 3 km 
beyond the southern edge of the Armadillo lavas. It rests 
directly on Little Iskut flows and is neither underlain nor 
overlain by air-fall pumice or sediments. 

Most of the clastic debris eroded from the growing pile 
of Armadillo lavas in the Highlands was transported west, 
and accumulated on top of Raspberry basalt that previously 
flooded the western lowlands (Fig. 55 , sections 2AR-4AR) . 
Rapid deposition of the sediment and periodic flooding by 
basalt along this western flank of the pile was responsible 
for the burial and preservation of primary showers of air-fall 
pumice that did not survive erosion in the adjacent High
lands. At the western end of Raspberry Pass, Armadillo 
clastic and pyroclastic rocks have a combined thickness of 
about 180 m. Thick layers of loose air-fall pumice form 
prominent white recessive units that contrast with inter
layered beds of more competent gravel, cliff-forming units 
of orange weathering welded ash flows and thin black, intra
Armadillo basalt flows (Fig. 21). The felsic pile thins 
rapidly northward. Remnants of welded ash flows persist 
only about 3 km north of Raspberry Pass and from there to 
the most northerly exposures the felsic Armadillo rocks 
comprise only very fine white ash, pebbly rhyolitic sand and 
a few lenticular gravel beds interlayered with much thicker 
sequences of Armadillo basalts . As on the eastern side of 
the pile, the most distal remnants preserved are in cross
sections of old valleys where fluvial deposits derived from 
the Armadillo pile rest on older flows of Raspberry basalt 
that partly filled those same valleys. On both Tahwa and 
Kadeya creeks these fluvial deposits contain fragments of 
wood and a few stumps up to 25 Col across. 
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Figure 55. Typical stratigraphic sections of proximal and distal facies of the Armadillo Formation. Section 
numbers (1-10) refer to locations shown on the paleogeological map (Fig. 40). AR, Armadillo Formation; 
R, Raspberry Formation. 

From Raspberry Pass south to Nagha Creek, Armadillo 
clastic and pyroclastic rocks are interlayered with a rela
tively thick succession of Armadillo basalt. Welded ash 
flows, which on the north side of Raspberry Pass are sepa
rated by only a thin layer of fluvial gravel, are here sepa
rated by up to 60 m of basalt. 

A single prominent, highly welded ash flow about 30 
m thick persists as far south as Kitsu Creek. Beyond that, 
ash, pebbly sand and gravel are found for another 10 km. 
The most southerly exposure on Yeda Creek comprises 
about 24 m of white pebbly ash and trachytic gravel resting 
on the most southerly exposure of Raspberry basalt. 
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The transItion from the felsic lava complex to the 
peripheral wedge of clastics was locally very abrupt. Within 
1.5 km a 460 m section of uninterrupted rhyolite flows near 
the summit of Raspberry Pass terminates against the 245 m 
section of clastic and pyroclastic rocks interlayered with 
intra-Armadillo basalt on Gnu Butte (Fig. 42). In the valley 
north of Gnu Butte, Armadillo lava is overlain and interbed
ded with thick lenses of coarse fluvial gravel. As discussed 
in a later section on drainage systems, this is believed to be 
the course through which much of the fluvial material was 
transported from the Armadillo highlands to the alluvial fans 
of the western lowlands. 



Armadillo basalt 

Eruption of Armadillo trachyte and rhyolite was accom
panied by simultaneous eruptions of basalt from several sep
arate sources. The thickest basaltic sections are exposed in 
Mess Creek Escarpment near the southwest end of Rasp
berry Pass and farther north, in the canyons of Sezill and 
Kedeya creeks . They include up to 180 m of basalt flows, 
interlayered with trachyte and rhyolite clastic and pyroclas
tic beds . Individual basalt flows are relatively thin (usually 
less than 3 m) and extremely persistent , suggesting a very 
fluid , mobile lava (Fig. 21) . 

The source of the southern pile is believed to be near 
the summit of Little Iskut volcano. On Artifact Ridge, Little 
Iskut trachybasalt is overlain at an elevation of about 6000 
ft. (1800 m) by a thin layer of rhyolitic ash above which is 
a lenticular 90 m thick pile of thin, aphyric basalt flows, 
which are overlapped by a later flow of Armadillo trachyte. 
These basalts are clearly intra-Armadillo and, at such a high 
elevation, are probably near their source. The surface of a 
120 m section of intra-Armadillo basalt farther west, at the 
summit of Raspberry Pass, is 5700 ft. (1737 m) in elevation 
and that of the uppermost intra-Armadillo basalt flow in 
Mess Creek Escarpment south of Raspberry Pass is 5300 ft. 
(1615 m). These three localities are believed to be part of 
a continuous basaltic lava field that spread westward down 
the gentle slope of Little Iskut shield to the western lowlands. 

The source of Armadillo basalt now exposed at the 
north end of Mess Creek Escarpment has been buried by the 
younger edifice of Ice Peak. However, the trace of paleo
slopes in the east-west canyons of Sezill and Kedeya creeks, 
as well as paleoflow directions from deformed pipe vesicles , 
indicate that they came from a source to the east, probably 
from a cluster of vents in the northwestern Central High
lands, identified schematically on Figure 40 as Sezill vol
cano. Flows from this centre are assigned to the Armadillo 
Formation on the basis of interlayered felsic deposits (Fig. 
55, section 5AR) and K-Ar dates. However , they are 
moderately porphyritic and , lithologically, they more 
closely resemble the underlying Raspberry flows than the 
aphyric , Armadillo basalt farther south. It seems likely that 
Sezill volcano was active in pre-Armadillo time and that it 
continued to erupt similar basalt after the onset of Armadillo 
felsic volcanism. 

Periodic eruption of basalt from these and other uniden
tified sources occurred regularly throughout much of early 
Armadillo time. Successive flows were covered by 
pyroclastic deposits and colluvial outwash from the felsic 
lava complex, and the course of the basalt must have been 
diverted several times by intervening thick piles of rhyolite. 

STRA TIGRAPHY 
The Armadillo Formation is a bimodal time

stratigraphic map unit that embraces a variety of dissimilar 
facies . Basalt, rhyolite and trachyte flows, pyroclastic 

ARMADILLO FORMATION 

rocks, subvolcanic intrusions and derived sediments are jux
taposed within a small area and so intimately mixed that no 
single stratigraphic section can be taken as typical (Fig. 55) . 
The base of the formation is defined by the first appearance 
of felsic ejecta in the volcanic succession. It rests conforma
bly on Little Iskut trachybasalt and both conformably and 
disconformably on Raspberry basalt , from which it is sepa
rated locally by an erosion surface with pockets of fluvial 
gravel. In areas such as the Armadillo basement high (Fig. 
40) that were not previously flooded by either Raspberry or 
Little Iskut flows, the Armadillo rests unconformably on 
pre-Tertiary basement rocks. The top of the Armadillo For
mation is defined by an erosion surface that separates it from 
the overlying Nido and Kounugu basalt successions neither 
of which include felsic members . 

Included in the formation are all the products erupted 
during the episode of Armadillo felsic volcanism. These 
include flows, pyroclastic deposits, domes and subvolcanic 
intrusions of the felsic rocks themselves as well as basaltic 
rocks erupted during the same time interval. The latter are 
recognized by the presence of interlayered, or at least brack
eting beds of felsic ash or ash flows . Insofar as scale per
mits, the basaltic and felsic facies are shown separately on 
the map. 

PETROGRAPHY 
Basalts 

The Armadillo hawaiites and alkali olivine basalts are 
petrographically similar except for a slightly higher propor
tion of opaques and the presence of sparse feldspar 
phenocrysts in some of the hawaiites (Fig. 56). The feld
sparphyric hawaiites are confined to the thick pile of flows 
that outcrop along the northern end of the Mess Creek 
Escarpment, in Sezill and Elwin Creek valleys, which 
issued from Sezill volcano (Fig . 40). They include up to 
10% plagioclase (An55-65) in an intergranular or subophitic 
groundmass of titanaugite, opaques and devitrified glass 
(Fig. 56a) . Olivine is either absent or present only in trace 
amounts as tiny , widely dispersed grains in the ground mass . 
The proximal Sezill basalts are indistinguishable from those 
in the underlying Raspberry Formation except for carbonate 
alteration which is commonly more widespread and perva
sive in the older flows. 

Elsewhere, in the central and southern parts of Mess 
Creek Escarpment, and around the periphery of the felsic 
lava complex the Armadillo basalts are aphyric and very 
fine grained (Fig. 56b) . They are mainly alkali olivine 
basalts which contain about equal amounts of well oriented 
plagioclase laths and moderately pigmented titanaugite 
either as intergranular or subophitic crystals, plus interstitial 
grains of opaque oxides and a trace of olivine (about FOgo). 
They are commonly nonvesicular and free of carbonate 
alteration . 
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a - Medium grained subophitic hawaiite. Laths of 
plagioclase (white) and opaque oxide (black) are part
ly enclosed by titanaugite (grey), (plane light). 

b - Fine grained, aphyric alkali olivine basalt comprising 
well oriented plagioclase laths and small intergranular 
crystals of olivine, titanaugite, and opaque oxides 
(plane light). 

Figure 56. Photomicrographs of Armadillo basalt; scale bar 0.5 mm. 

Felsic rocks 

The subtle differences in chemistry which form the 
basis for subdividing this suite of rocks into trachytes, with 
agpaitic indices (A. I.) less than one and comendites (A . 1. 
> I) have not resulted in significant or consistent differ
ences in texture or mineralogy. Thus petrographic study can 
provide only a qualitative approximation of the chemical 
classification and even this is limited to the extreme end 
members of the series. The best mineralogical criteria are 
aenigmatite and ilmenite which exhibit an antipathetic rela
tionship. Phenocrystic aenigmatite is present only in the 
most peralkaline comendites, whereas phenocrysts and 
microphenocrysts of ilmenite are found only in trachytes 
with relatively low agpaitic indices . Although both minerals 
may be found in the groundmass of rocks throughout the 
series, aenigmatite (as well as arfvedsonite and kataphorite) 
is much more abundant toward the comenditic end and 
opaque oxides toward the trachytic end . Quartz phenocrysts 
are confined mainly to the comendites but some of the 
trachytes also contain partly resorbed quartz phenocrysts. 
A less consistent , purely empirical discriminant is provided 
by the phenocrystic feldspar which tends toward anor
thoclase in the trachytes and towards sanidine in the comen
dites . However , both feldspars are present throughout the 
series and probe analysis (Fig. 57) show that their composi
tions overlap within a fairly narrow range (Or30.50). 

Holocrystalline rocks 

Except for the minor differences noted above the 
Armadillo trachytes and comendites exhibit the same range 
of textures (Fig . 58) and mineralogy (Table 5). Nearly all 
of them are porphyritic, with from 2 to 20% feldspar 
phenocrysts ranging in size from less than 1 mm in glassy 
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phases to 1 to 3 mm in flows, and up to 1.5 cm in ponded 
lavas and subvolcanic bodies. The crystals, which occur 
both singly and in clusters, are commonly euhedral or 
slightly rounded but have consistently sharp boundaries 
against the enclosing groundmass. Rounded boundaries are 
commonly mimicked by a thin, well defined zone of tiny 
green euhedral crystals (acmite or sodic hedenbergite) that 
are enclosed within the outermost edge of the feldspar crys
tal. Most of the feldspars exhibit simple carlsbad twinning 
and have the optical properties of sanidine. However, very 
fine two directional polysynthetic twinning, suggesting 
anorthoclase, is present in some crystals , particularly in the 
trachytes. Quartz phenocrysts as euhedral hexagonal prisms 
and as rounded embayed crystals are second to feldspar in 
abundance. Commonly both euhedral and embayed types 
are present in the same section. Although phenocrystic 
quartz is most abundant in the comendites it is also present 
in some rocks that are chemically classified as trachytes. 
Phenocrysts of green, strongly pleochroic hedenbergite as 
tabular crystals up to 2 mm long and smaller prisms of 
acmite are widely but sparsely distributed as are small 
phenocrysts of ilmenite. A clear colourless pyroxene 
(salite?) and pale yellow fayalite (F03) occur as rare 
microphenocrysts in some of the trachytes. 

The groundmass consists mainly of small laths 
(0.05-0.1 mm) of alkali feldspar having about the same 
composition as the phenocrysts (Fig . 58a). In some rocks 
these occur as ragged, interlocking crystals that are crudely 
aligned and impart on the rock a fluidal, trachytic texture 
having layers that wrap around the phenocrysts. In others 
the ground mass feldspar is arranged in radiating spherulitic 
clusters. The feldspar in both types is surrounded and partly 
enclosed by clear "pools" of micropoikilitic quartz. These 
are crowded with tiny, nearly square euhedra of alkali feld
spar as well as the perfectly terminated prisms of larger 
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Figure 57. Plot of microprobe analyses of the principal mineral phases in the Armadillo 
trachytes, comendites, and soda granite. 

ground mass feldspars that project into them. Femic 
minerals in the ground mass include variable amounts of 
aenigmatite, kataphorite(?) , and acmite. These commonly 
occur as mossy clumps resembling aggregates of tiny bladed 
crystals, too small to analyze either optically or chemically. 
However, the widely scattered parts of anyone clump are 
often in optical continuity indicating that they are, in fact, 
parts of relatively large (up to I mm) skeletal, highly poiki
litic single crystals. The presence of kataphorite is assumed 
only on the basis of its association, habit, and strong yellow 
to yellowish-brown pleochroism. Aenigmatite, arfvedsonite 
and acmite are locally present in discrete crystals of suffi
cient size to probe (Fig. S8e) and their distinctive pleochro
ism and crystal habit provide confidence in identifying even 
the smallest grains . Where discrete grains of these minerals 
are present aenigmatite commonly displays euhedral crystal 
boundaries against both aegirine and arfvedsonite, and arf
vedsonite commonly mantles the other two. 

Fine grained comendites commonly exhibit distinct 
banding, either in the form of planar , very regular or highly 
contorted layers ranging from less than 1 mm to a few cen
timetres in width. It is caused by the parallel arrangement 
of several different features including microscopic voids, 
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lithophysae, spherulites or commonly by the partial segre
gation of felsic and mafic minerals into discrete layers. The 
voids are commonly lined or partly lined with quartz and 
a fringe of small, euhedral potassium feldspar crystals that 
project into them . Late, vapour phase minerals in both voids 
and lithophysae commonly include slender euhedral prisms 
of arfvedsonite or acmite and rarely analcime and/or 
fluorite . 

Large (1-10 mm) irregular voids such as those in the 
comendite of IGC dome contain relatively large (about I 
mm) euhedra of aenigmatite and acmite and subordinate 
patches of arfvedsonite . The aenigmatite is commonly man
tled by a rim of aegirine and both aenigmatite and aegirine 
crystals are partly enclosed by patches of anhedral arfved
sonite. 

Vitreous rocks 

Vitreous and subvitreous rocks comprise a very small 
proportion of the Armadillo felsic suite but they provide 
valuable insights into the nature of the magma during extru
sion and its subsequent crystallization history. The 



Armadillo obsidians are rarely aphyric, but few of them 
contain more than about 5% phenocrysts. Small elongated 
crystallites of alkali feldspar are the most abundant and they, 
along with subordinate acicular pyroxene and aenigmatite 
prisms are invariably aligned to give the glassy ground mass 
a pronounced fluidal texture. The flow layers wrap around 
larger phenocrysts (about 0 .5 mm) which may include alkali 
feldspars , hedenbergite, acmite and aenigmatite. The feld
spar phenocrysts, in contrast to the crystallites, form stout, 
almost equidimensional, rhombic crystals that are randomly 
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oriented with respect to the flow layering . The other 
phenocrystic phases tend to form elongate prisms that con
form to the plane of flow layering. 

Most of the vitreous comendites contain spherulitic 
structures. Some of these are very fine radiating clusters of 
secondary minerals which truncate the fluidal texture of the 
gla~sy. gro~ndmass and were clearly formed by late stage 
devltnficatlOn processes after flowage had ceased (Fig. 
59a). However, a more common type of spherulite com
prises radiating clumps of potassium feldspar prisms and 

a,b - Feldsparphyric trachyte (a, plane light; b, crossed 
polarizers). 

c,d - Feldsparphyric comendite (c, plane light; d, crossed 
polarizers). 

e - Small crystals of aegirine, aenigmatite and arfved
sonite in comendite. 

Figure 58. Photomicrographs of typical holocrystalline 
Armadillo trachyte and comendite; scale bar 0.5 mm. 
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tiny blades of amphibole, pyroxene and! or aenigmatite 
(Fig. 59b). The alignment of microlites in the fluidal glassy 
ground mass is deflected around these spherulitic clusters in 
the same manner as it is around discrete phenocrysts. It is 
apparent that this type of spherulite nucleated in the molten 
magma before or during eruption and continued to crystal
lize during flow. The close similarity between these "free 
floating" spherulites in comenditic glass and the close 
packed spherulites of many holocrystalline comendites sug
gests that the latter also nucleated while the ground mass was 
still fluid. The spherulitic clusters probably continued to 
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grow, along with single crystal phenocrysts, until the 
crystal-spherulite-liquid mush became too viscous to flow. 
At this point the siliceous, highly peralkaline residual liquid 
crystallized between the spherulitic clusters to form the 
pools of poikilitic quartz with its enclosed euhedra of potas
sium feldspar and mossy aggregates of alkali amphiboles 
and pyroxenes. Such a process would explain the apparent 
contradiction between the highly fluid, mobility of the 
comendite lava flows and the common absence of any orien
tation or flow structure in the holocrystalline groundmass. 

, 

a - Spherulites and crystallites in comenditic glass. 

b,c - Spherulite of radiating K-feldspar, acmite and aenig
matite suspended in fluidal, comenditic glass (b, plane 
light; c, crossed polarizers). 

d - Euhedral crystals of K-feldspar, aenigmatite and 
hedenbergite in moderately welded ash flow. 

e - Pronounced eutaxitic texture in welded ash flow from 
Mess Creek Escarpment. 

Figure 59. Photomicrographs of typical Armadillo, com en
ditic obsidians, and ash flows; scale bar 0.5 mm. 



Ash flows 

All of the Armadillo ash flows are of comenditic or pan
telleritic composition. They are commonly crystal-rich, and 
include the same mineral species that occur as phenocrysts 
in the lavas (Fig. 59d). Broken or euhedral crystals of potas
sium feldspar and quartz are abundant. Hedenbergite and 
aenigmatite are lesser but widely distributed crystal compo
nents and small aegirine euhedra are rarely present. The 
crystals, aJong with cognate and accidental lithic inclusions, 
are enclosed in a eutaxitic, vitreous matrix . The degree of 
welding varies from one ash flow to another and from the 
base upward in most individual cooling units . Typically the 
dense basal part has been compressed and welded to such 
an extent that individuaJ shards are no longer visible in thin 
section; instead they are drawn out into contorted , highly 
attenuated streaks that resemble flow layering in glassy 
lava. In the central, moderately welded, portion the lenticu
lar outline of partly collapsed pumice fragments and the cus
pate form of smaller shards is clearly visible (Fig. 5ge). The 
upper part of some Armadillo ash flows exhibits little or no 
welding or deformation of the pumice fragments. The clasts 
are, however, commonly cemented by a matrix of vapour 
phase minerals, principally silica and iron oxides. 

Intrusive rocks 

Subvo1canic intrusions of soda granite associated with 
the Armadillo cauldron complex are medium to coarse 
equigranular rocks comprising about 45 % clouded alkali 
feldspar with extremely fine polysynthetic (albite) twinning, 
45 % quartz, 10% bright green to pale yellowish brown, 
pleochroic pyroxene and less than I % opaque oxides. In the 
medium grained phases (2-5 mm) the feldspar and pyroxene 
are euhedral and exhibit sharp crystal boundaries against the 
enclosing, anhedral quartz (Fig. 60). In coarser phases 
(5-10 mm) the feldspar is commonly embayed. Myrmekitic 
intergrowths of quartz and sodic feldspar are extensively 
developed around the larger feldspar boundaries and pyrox
ene has been partly or wholly altered to granular iron 

Figure 60. Photomicrograph of soda granite from Armadillo 
caldera. 
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weight percent for 28 analyzed specimens from the Armadillo 
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oxides. Also, in the coarser grained phases, finely twinned 
feldspar has a patchy extinction suggestive of fine perthite. 
However, probe analysis of the feldspars (Fig . 57) indicates 
that they are almost pure albite (Jess than 2 % Or) . Similarly 
the pyroxene analyses all fall within a few percent of pure 
acmite (Fig. 57). Thus the mineralogy is consistent with 
major element chemistry in confirming the highly sodic 
nature of these rocks. Extrusive comendites in the upper 
part of the caldera complex are composed mainly of sanidine 
and anorthoclase (Or45) ' Thus if the two rocks are co mag
matic , as seems likely from their peralkaline affinity and 
close spatial association, it is necessary to appeal to some 
very efficient process of K20/Na20 partitioning between 
intrusive and extrusive phases. 

CHEMISTRY 
Twenty-eight major element analyses of Armadillo 

rocks are plotted in Figures 61 to 64 and twelve superior 
analyses are listed in Table 6. Most of these plots emphasize 
the strongly bimodal nature of the formation. On the Harker 
diagrams (Fig. 61) and the total alkali vs. silica diagram 
(Fig. 62) the 7 analyzed basalts are seen to cluster between 
45 and 49 % silica, whereas the 21 analyses of felsic rocks 
all fall between 64 and 82 % silica, leaving a gap between 
49 and 64 % that reflects the absence of intermediate rocks 
in the Armadillo Formation. The basalts, like those of the 
underlying Raspberry Formation, fall entirely within the 
sodic series (Fig. 63) and either within or close to the alkali 
basalt field of the Irvine-Baragar (1971) classification 
(Fig. 64). 

The felsic rocks include alkali-rich trachytes with 
agpaitic indices slightly less than one (Fig . 64) and peralka
line rocks (A.I. > 1) which fall outside the Irvine-Barager 
classification. The latter plot almost entirely within the 
comendite field of Macdonald's (1974) Al20 3 vs . FeO dia
gram (Fig. 64). On the total alkali vs. silica diagram (Fig . 
62) the felsic rocks exhibit a well defined alkali maximum 
at approximately 69% Si02 . Higher silica values are nearly 
all from oversaturated peralkaline rocks with modal quartz, 
arfvedsonite and aegirine, whereas the lower silica values 
are from trachytes composed almost entirely of alkali feld
spar. Although the drop in total alkalis with increasing silica 
is certainly influenced by the constant-sum effect, it is 
noteworthy that the position of the alkali maximum is very 
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Figure 62. Plot of total alkalis vs. silica for 28 specimens 
from the Armadillo Formation. 

Table 6. Representative chemical analyses of specimens from the Armadillo Formation. 

Basalt Felsic 

Alkali olivine basalt Hawaiite Trachyte Peralkaline 

Spec. no. 71 2885 2656 2892 2894 2896 87 2879 2881 2882 2883 

Si02 46.400 46.100 44.400 63.600 66.600 66.800 72.100 77.800 78.000 77.100 76.700 
AI20 3 14.500 13.900 13.000 12.900 14.300 15.100 10.800 8.100 8.400 8.500 8.800 
Fe203 4900 5.900 5.800 4.600 1.500 2.200 3.500 2.700 1.700 4.200 1.400 

FeO 8.600 8.000 9.200 4.200 4.000 1.900 2.700 1.800 2.800 0.400 3.100 . 
CaO 9.510 8.100 9.100 2.400 1.500 1.400 0.450 0.300 0.200 0.300 0.300 
MgO 6.090 6.900 3.400 0.400 0.400 0.300 0.270 0.400 0.400 0.300 0.400 

Nat? 3.200 2.900 2.800 4.900 5.400 5.500 3.700 5.000 4.500 4.400 4.900 
K2 0.790 0.800 1.200 4.400 4.700 4.900 4.910 3.100 3.200 3.700 3.200 
Ti02 3.140 3.160 4.050 0.640 0.370 0.230 0.380 0.330 0.330 0.310 0.320 

P20 5 0.350 0.400 1.740 0.130 0.020 0.050 0.040 0.040 0.080 0.030 0.0 
MnO 0.180 0.150 0280 0.240 0.150 0.110 0.100 0.070 0.100 0.070 0.070 
S 0.070 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NiO 0.010 - - - - - 0.002 - - - -
COd 0.200 0.0 2.200 2.000 1.000 0.0 0.0 0.0 0.100 0.0 0.0 
H2 2.000 3.500 2.700 0.700 0.500 0.900 0.700 0.700 0.600 0.800 1.000 

Total 99.940 99.810 99.870 101.110 100.440 99.390 99.650 100.340 100.310 100.110 100.190 
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the Armadillo Formation. (A = Na20 + K20; F = FeO + 0.8998 
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close to the theoretical Si02 content of alkali feldspar 
(68.75 for pure albite). Thus it appears that the alkali con
tent of the rock is largely controlled by the amount of alumi
num available to form feldspar, and that the maximum alkali 
content is present in rocks that approach a feldsparite com
position (about 69.0% Si02). In the oversaturated , Q
bearing peralkaline rocks, which are deficient in Al relative 
to alkalis, the total alkali content drops sharply as silica 
increases beyond 69 %, suggesting the partial removal of 
alkalis from these rocks in a volatile phase. The operation 
of such a system of alkali depletion is further supported by 
the occurrence of arfvedsonite, aegirine and aenigmatite as 
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Figure 64. Plot of normative plagioclase vs. normative 
colour index for non-peralkaline rocks of the Armadillo Forma
tion, and AI20 3 vs FeO for the peralkaline rocks. 

vapour phase minerals lining open cavities in silica over
saturated comendites. 

The bimodal character of the Armadillo is also apparent 
on the AFM diagram (Fig. 63) in which there is no apparent 
linkage between the two populations of points. The basalts 
display a fairly clear trend toward Fe-enrichment as compo
sitions shift from alkali basalt to hawaiite. The apparent 
trend toward alkali enrichment within the felsic suite is, 
however, independent of silica variation, and supports the 
concept of alkali transfer in a late-stage, volatile phase. 
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GENERAL GEOLOGY 
Introduction 

B asalt erupted during the Nido stage of activity con
stitutes the most widespread formation in the map 

area (Fig. 65, Map 1623A, in pocket). It issued from several 
separate centres that lie mainly in a north-south zone along 
the eastern edge of the volcanic complex. North of the 
Armadillo Highlands overlapping flows from at least three 
major centres flooded an area of more than 350 km2 that 
underlies most of the younger edifice of Mount Edziza . 
Similarly, coalescing flows from at least four centres 
covered most of the Spectrum Plateau and are now exposed 
around the periphery of the younger rhyolite complex which 
forms the Spectrum Range. The Armadillo Highlands acted 
as a topographic barrier between these two lava fields and 
were not themselves flooded by Nido basalt. Because they 
do not overlap, and because no single marker horizon 
extends completely across the area underlain by Nido rocks, 
the northern and southern domains are treated as separate 
members. The Tenchen Member embraces all the products 
of Nido volcanism that were erupted north of the Armadillo 
Highlands, and the Kounugu Member is restricted to the 
area south of Armadillo Highlands. However, the presence 
of glacial deposits containing Armadillo clasts under Nido 
flows in both domains suggests that volcanism in the two 
areas was more or less contemporaneous. 

The three major centres north of Armadillo Highlands 
are deeply dissected and most of the eastern part of the pile 
has been stripped away by erosion , whereas the distal flows 
on the western edge are exposed beneath younger strata 
along Mess Creek Escarpment and in the upper canyon of 
Elwyn Creek. Most of the Tenchen basalt rests on the 
Armadillo Formation or on fluvial gravel carrying clasts of 
Armadillo rhyolite and trachyte. However , distal flows on 
the extreme northern edge of the pile extend beyond the 
apron of Armadillo colluvium and rest directly on pre
Tertiary basement. The upper contact is defined by the 
Pyramid rhyolite which overlies the Tenchen basalt along 
the eastern edge of Mount Edziza. This contact is commonly 
occupied by a layer of obsidian-bearing till or glacial fluvial 
gravel which extends beyond the limits of the Pyramid rhyo
lite and provides a fairly consistent marker above the distal 
flows of the Tenchen succession. 

South of Armadillo Highlands at least two major 
centres of Kounugu volcanism have been completely 
destroyed by erosion, and their former locations can only 
be inferred from the distribution of flows, tephra and dyke 
swarms . Only those flows that lie close to the southern edge 
of the Armadillo Highlands are underlain by fluvial gravels 
and ash from the Armadillo Formation . Most of them rest 
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directly on pre-Tertiary basement or on gravel and collu
vium derived from older rocks. The Nido basalt (Kounugu 
Member) south of Armadillo Highlands is overlain directly 
by rhyolite of the Spectrum Formation. 

Except for minor porphyritic phases, found locally in 
the uppermost part of the pile , the Nido basalt is remarkably 
uniform, medium to dark grey, fine grained, with less than 
5 % small tabular plagioclase phenocrysts and sparse equant 
crystals of black pyroxene. 

In contrast to its compositional uniformity, the Nido 
basalt exhibits a great variety of depositional facies. The 
thickness, vesicularity and jointing of flows, the relative 
proportions of lava to tephra, as well as the size and degree 
of welding of the tephra, all vary with distance from their 
source. In addition , some of the Nido basalt poured into 
bodies of water producing a quenched facies which bears no 
resemblance to its subaerial equivalents. 

T enchen Member 

Flows and pyroclastic deposits of Tenchen basalt are 
exposed on both the east and west sides of Mount Edziza 
north of Raspberry Pass. On the east, steep-walled valleys 
cut across the principal areas of Tenchen volcanism, expos
ing the proximal flows and thick piles of tephra as well as 
feeder dykes , necks and subvolcanic intrusions in the source 
region (Fig. 66). Farther west, along Mess Creek Escarp
ment and in the canyon of Elwyn Creek the thin distal edge 
of the Tenchen pile is exposed in tiers of brown-weathering, 
columnar flows. 

The western exposures include the eroded remnants of 
at least three major eruptive centres, Alpha peak, Beta peak 
and Gamma peak (Fig. 65), as well as isolated lenses of 
tephra and groups of flows from an unknown number of 
satellitic vents which have since been destroyed by erosion 
or buried beneath younger flows (Fig. 67). 

Alpha peak 

The actual vent and conduit system of Alpha peak are 
not exposed, but from the distribution of tephra and the 
slope of the upper contact the main source must have lain 
close to the present position of The Pyramid. Cliff sections 
on the south side of Pyramid Creek contain 50 to 60 % 
coarse tephra, including bright red, spindle-shaped and 
'cow-dung' bombs up to 0.6 m across, interlayered with 
irregular , highly vesicular, randomly jointed flows with 
rough hackJy surfaces . On the opposite side of Pyramid 
Creek, the section contains less coarse tephra, but includes 
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several prominent red layers of agglutinated, highly oxi
dized cinders which slope gently toward the northeast and 
must have been deposited directly from a fountaining vent. 
In contrast, the eastern and central exposures of the Alpha 
pile in creek canyons southeast of The Pyramid, are mainly 
uniform, rusty-weathering columnar flows separated by 
relatively thin, clinkery beds of flow breccia which were 
deposited by sloughing off the end of the advancing flows 
rather than by issuing directly from a vent. 

Figure 66. A typical section of Tenchen flows and tephra 
layers on the south side of Nido Creek. GSC 202468-R. 

Lenses of gravel, minor sand and silt are interbedded 
with the flows more or less at random throughout the Alpha 
pile (Fig. 68). The well-rounded, hematite-stained clasts are 
mainly basalt but fluvial beds below an elevation of about 
5000 ft. (1525 m) include a significant proportion of chert
pebble conglomerate clasts from the Upper Jurassic, 
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Figure 67. Three stages in the evolution of the Tenchen Member of the Nido Formation: (a) initial eruption 
of Alpha peak and East satellite resulting in the ponding of Palagonite lake, (b) maximum extent of Alpha 
peak and its satellites, initial eruption of Gamma peak and influx of fluvial sediments from the Armadillo 
highlands into Palagonite lake, (c) eruption of Beta peak and continued eruption of the Gamma peak vent 
(dark red) during a period of alpine glaciation (see Fig. 77) 
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Bowser Formation and clasts of rhyolite, trachyte and obsid
ian from the Armadillo. Shingled boulders and crossbedded 
sandy layers indicate a northerly direction of transport, and 
suggest that the foreign clasts were derived from the 
Armadillo Highlands where streams had already cut through 
the mantle of Armadillo rhyolite into the underlying Bowser 
Formation . Where early flows from Alpha peak entered this 
northerly flowing drainage system, the gradient was dis
rupted; aggrading gravel bars formed behind the obstruc
tion and were covered by later flows. As each successive 
flow of basalt entered the valley, it forced the streams out 
of their normal channels to ever higher spillways across the 
lava until the entire drainage system was eventually re
routed . Fluvial layers above an elevation of about 5000 ft. 
(1525 m) in the Alpha pile contain locally derived basalt 
clasts only, indicating that streams from the Armadillo 
Highlands had either been forced into some alternate route 
or that gradients were so reduced that gravel could no longer 
be transported as far north as Alpha peak. 

In addition to buried lag gravels the edifice of Alpha 
peak also contains a few thin lacustrine deposits of fine sand 
and laminated silt, as well as piles of sideromelane tuff
breccia which accumulated in transient lakes ponded behind 
lava dams (Fig. 69). Lenses of tuff-breccia associated with 
quenched flows are found throughout the Alpha pile but 
their number and thickness increase toward the south and 
culminate in a nearly continuous waterlain pile on the south
ern flank of the volcano. On the north side of the pile, in 
Pyramid Creek Valley , a 30 m layer of sideromelane tuff
breccia and pillow lava occurs at the base of the section and 
is overlain by 15 m of lag gravel. Farther south similar 
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layers of tuff-breccia interbedded with normal subaerial 
flows appear at progressively higher levels, and south of 
The Pyramid , near the centre of the Alpha edifice, water
quenched lava toes , pillows and tuff-breccia make up more 
than half the section . There the coarse tuff-breccia is 
associated with up to 15 m of fine brown tuff comprising 
highly altered, fine basaltic ash with lapilli of frothy brown 
sideromelane and a few larger chunks of pale brown, altered 
basalt. These tuffs are believed to have formed by the foun
taining of hot ash and lapilli from a nearby vent directly into 
a body of water. 

A pile of sideromelane tuff-breccia and quenched lava 
tongues more than 365 m thick forms the southern flank of 
Alpha peak. It is exposed in structureless, yellow-brown 
cliffs which form most of the steep-sided ridge between The 
Pyramid and Tenchen Creek (Fig. 70). The tuff-breccia is 
made up of angular and subangular blocks and irregular 
globules of medium grey basalt up to 0.3 m across sus
pended in a completely unsorted matrix of subvitreous pale 
brown, hydrated fragments of basalt cemented by lapilli and 
ash-sized shards of yellow-brown basaltic glass (Fig. 71). 
Many of the small globules have an onion-skinned texture 
in which an outer rind of thin laminated glass surrounds a 
roughly spherical core of subvitreous basalt. Similar rinds , 
many with a lustrous yellow-brown sheen, coat pillows and 
quenched lava toes within the tuff-breccia. 

Large irregular bodies of dark brown weathering basalt 
with small diameter curved and radiating columns form sill
like and bulb-like masses within the tuff-breccia. One such 
body near the base of the pile is roughly tabular and nearly 
30 m thick. Locally, it rests on tuff-breccia like a flow while 
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Figure 69. Schematic block diagram showing the relationship of Alpha peak to Palagonite lake and 
deposits of fluvial gravel from the south. View looking west toward an erosional remnant of Sezill volcano 
in background. 
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Figure 70. Sketch showing the relationship between Nido hyaloclastite and lava flows on the ridge 
between The Pyramid and Tenchen Creek. 

Figure 71. Cliffs of Nido sideromelane tuff-breccia on the 
north side of Tenchen Creek. Summit area of Mount Edziza 
in background. GSC 202468-S. 

at other places parts of the same mass have intruded and 
interfingered the tuff-breccia to form irregular dyke-like 
and neck-like forms . It passes laterally into a zone of inter
layered tuff-breccia and discontinuous lensoid masses of 
basalt. 

In the upper third ofthe tuff-breccia pile, the proportion 
of tabular and lensoid bodies of basalt increases and imparts 
a crude stratification to the otherwise chaotic deposit. 
Lenses of well stratified, locally-derived, pebbly sand up to 
1.5 m thick also increase in the upper part of the section . 
Many of these clearly occupy small basins eroded into the 
tuff-breccia and in several places, the sediment layers are 
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overlain by pods of pillow lava that later occupied the same 
small basins. 

Beta peak 

Prominent step-like outcrops of Tenchen basalt are 
exposed around the spurs and interfluves on the east side of 
Mount Edziza between Tenchen and Sorcery creeks. The 
alternating cliffs of flat-lying, brown weathering columnar 
basalt and recessive ledges of interlayered scoria are the 
remains of a small composite shield that lay south of Alpha 
peak . It was formed from thin mobile flows that coalesced 
from several separate vents . Of these, only part of the cen
tral pyroclastic cone remains , and it has been deeply dis
sected. A section through it is exposed on the ridge north 
of Sorcery Creek where loosely agglutinated lapilli and red, 
oxidized spatter, enclosing larger blocks and bombs, has a 
crude stratification which dips gently south, away from the 
crest of the ridge (Fig. 72). The original height of this 
pyroclastic cone must have been several hundred metres 
higher than the present ridge in order to place it above the 
level of the surrounding shield. The presence of other 
centres along the eastern edge of the Beta peak shield can 
only be inferred from easterly thickening lenses of coarse 
tephra and bombs that are interlayered with the flows in the 
most easterly exposures, above Nuttlude Lake. 

The bulk of the Beta peak pile is fine grained , aphyric 
or microphyric brownish-grey basalt. It is commonly vesic
ular, with voids wholly or partly filled with aragonite. How
ever, the uppermost flows are highly porphyritic , 
containing up to 50% phenocrysts of clear white to amber 
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Figure 72_ Restored cross-section through Beta peak showing the relationship of the existing remnants 
to its inferred maximum extent. 

feldspar 1-3 cm across. These flows are consistently 
associated with layers of gravel from a few metres up to 
27 m thick. The clasts are mainly basalt but a few boulders 
and cobbles of chert-pebble conglomerate, diorite and 
Armadillo rhyolite are everywhere present. Some of the 
gravel layers are crudely stratified and include lenses of 
coarse, pebbly sand which fill small channels scoured into 
the surface of poorly sorted, coarser gravel. More com
monly, the deposits are totally unsorted. Boulders and cob
bles of all sizes, some of them faceted and striated, are 
suspended in a fine silty to sandy matrix which shows no 
evidence of water sorting. These layers are clearly tills, 
associated with glacial fluvial outwash and channel deposits. 
The glacial deposits both overlie and underlie the coarsely 
porphyritic basalt at the top of the Beta peak section . Boul
ders of porphyritic basalt from Beta peak are present in 
some of the glacial fluvial deposits, as are layers and lenses 
of clear feldspar crystals, winnowed out of the tephra and 
redeposited in glacial fluvial channels and outwash. 

Despite widespread glacial deposits interbedded with 
flows in the top of the Beta peak shield there is little evidence 
of contemporaneous volcanism and glaciation. On Idiji 
Ridge, about 30 m of crystal-rich, sideromelane tuff-breccia 
at the top of the Beta peak section suggests that some of the 
porphyritic basalt may have been erupted into ice-ponded 
bodies of water but elsewhere, the porphyritic flows are 
clearly subaerial. Even those that lie within the glacial
fluvial deposits are uniform sheets of columnar-jointed 
basalt, underlain by a mat of red oxidized scoriaceous flow 
breccia which extends for several kilometres. During the 
final stages of its development Beta peak must haVf~ hp,p,n 

near the margin of a fluctuating ice field from which lobes 
of ice periodically advanced onto the shield and receded, 
leaving successive layers of till and outwash gravels . Evi
dence that the earlier edifice of aphyric basalt was modified 
by erosion prior to eruption of the porphyritic flows is found 
on Idiji Ridge where coarsely porphyritic flows, underlain 
by a layer of crystal-rich tephra and subrounded colluvium, 
cuts steeply across the truncated flows of nonporphyritic 
basalt in the lower part of the pile. It seems probable that 
this erosion surface was formed, at least in part, by a minor 
glacial advance that preceded the final outpouring of por
phyritic lava from Beta peak. 

Paiagonite lake 

The thick pile of sideromelane tuff-breccia , pillow lava 
and subaqueous slide-debris on the south buttress of Alpha 
peak is only one of several features that indicate the pres
ence of a large lake ponded between Alpha and Beta peaks 
during most of their active life. A similar pile of tuff-breccia 
forms prominent yellow-brown, structureless cliffs at the 
head of Nido Creek, about midway between Alpha and Beta 
peaks. Like the Alpha pile, the tuff-breccia on Nido Creek 
grades upward into subaerial flows at an elevation of about 
6100 ft. (1860 m). Both piles are believed to have formed 
in an irregular, but at least temporarily interconnected body 
of water which will be called Palagonite lake (Fig. 67,69). 

The southern edge of Alpha peak tuff-breccia has been 
eroded away and no trace of it remains on the south side of 
Tenchen Creek. The basement surface rises sharply towards 
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the south and, at least the lower half of the tuff-breccia pile, 
up to an elevation of about 5600 ft. (1710 m) could have 
been formed in a lake ponded against this surface. However, 
the top of the tuff-breccia stands at nearly 6100 ft. (1860 m) 
and, in order to reach this elevation, Palagonite lake must 
have been contained by barriers along its eastern and west
ern margins that were higher than either the basement sur
face or the present upper level of Nido basalt on the south 
side of Tenchen Creek. The possibility of an ice dam is 
unlikely since the tuff-breccia pile is confined to one corner 
of the Alpha peak edifice and it is flanked on both the north 
and east by coeval subaerial flows at the same elevation. It 
seems more likely that Palagonite lake was contained by 
flows from one or more satellitic cones that developed 
southeast and southwest of Alpha peak and have since been 
eroded away. The presence of at least one such centre, along 
the eastern edge of Beta peak shield, is indicated by easterly 
thickening pyroclastic wedges containing high proportions 
of bombs interbedded with flows in the most easterly 
exposures on Nido Ridge . 

As noted earl ier , the Alpha peak tuff-breccia contains 
only minor lenses of fluvial gravel and slide debris except 
in the uppermost part where locally derived basaltic clasts 
have been deposited in small channels scoured into the tuff
breccia. In contrast, the Nido Creek tuff-breccia includes 
lenses and pods of polymict gravel and, along its eastern 
edge, it interdigitates with several hundred metres of 
crudely sorted gravel and pebbly sand which includes clasts 
of basement rock as well as basalt and Armadillo rhyolite. 

m 

2400 

2200 

2000 + 

11N 12N 4N 

On the east, this same gravel deposit interdigitates with nor
mal subaerial flows of the Beta peak shield (Fig. 73). The 
gravel is believed to have been deposited in bars where 
northerly flowing rivers from the Armadillo Highlands 
entered the south end of Palagonite lake. Hence their occur
rence between the subaerial and subaqueous facies of the 
Beta peak pile and the absence of foreign clasts in the Alpha 
Peak tuff-breccia which accumulated in the northern end of 
the lake , many kilometres from the inlet. 

Between the Alpha peak and Nido Creek tuff-breccia 
piles , the Tenchen succession thins to almost 60 m and 
includes a random mixture of thin subaerial flows, pillow 
lavas , fluvial gravel and slide debris (Fig. 68). The latter 
are best developed around the southern flank of the Alpha 
peak pile where chaotic breccias containing angular to 
subrounded clasts of basalt, fragments of pillows and blocks 
of basalt up to several metres across are jumbled together 
in discontinuous piles up to 15 m thick. They are believed 
to be the product of subaqueous slides that slumped off the 
oversteepened south slope of the Alpha peak tuff-breccia 
and were swept into the centre of the lake. Large blocks are 
found only in outcrops as far south as Tenchen Creek. Far
ther south, the clastic beds are Japilli to ash sized brown tuff, 
similar to the matrix of the slide breccia. They were proba
bly deposited from clouds of suspended particles that 
accompanied the subaqueous debris slides. Pillow lavas, 
basaltic gravel and thin subaerial flows in the central part 
of Palagonite lake must have been deposited during the early 
stages of its development , when the water level was low , 
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Figure 73. East-west cross-section along the axis of Nido Ridge, showing the relationship of subaerial 
and subaqueous flows to fluvial gravel deposited in the southern end of Palagonite lake. Numbers at top 
show the relative positions of stratigraphic sections in Figure 68. 



and during the final stages of Tenchen volcanism when 
streams had cut through the eastern barriers, draining the 
lake and allowing the last few flows of basalt to spread out 
across its dry bed. 

Gamma peak 

The dissected central edifice of Gamma peak forms a 
prominent black spire, Cartoona Peak, and remnants of its 
western flank outcrop as far west as Mess Creek Escarpment 

Figure 74. Cartoona Peak, an erosional remnant of Gamma 
peak volcano. GSC 125 604. 

Cartoona Peak 
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(Fig. 74) . The pre-Nido surface on which it was built slopes 
steeply westward so it is unlikely that the eastern part of the 
pile was ever well developed and, what did exist, has since 
been removed by erosion. The eastern side of the central 
spire rests on Armadillo trachyte at an elevation of 7600 ft. 
(2315 m), at least 1000 ft. (300 m) higher then the summits 
of Alpha and Beta peaks . West of the summit the elevation 
of the basal contact drops below 6500 ft. (1980 m) within 
1.5 krn and, at their distal ends, Gamma flows rest on 
Armadillo ash at an elevation of 5000 ft. (1525 m). It is a 
composite pile; the lower unit consists mainly of aphyric 
basalt but includes a small volume of highly feldsparphyric 
basalt. The upper unit is olivine-rich basalt which grades 
locally into picrite. Both subaerial and subaqueous facies are 
present in each of these two main lithological units 
(Fig. 75). 

Lower unit. The porphyritic flows of the lower, subaerial 
facies, are confined mainly to the northern edge of the pile, 
where coarsely and abundantly feldsparphyric basalt forms 
thick cooling units at or near the base of the Gamma pile. 
The rock, with clear feldspar phenocrysts up to 3 cm across, 
is similar to the uppermost flows which overlie glacial
fluvial deposits resting on Beta peak flows and pyroclastic 
deposits farther north. 

Most of the lower part of Gamma peak comprises thin 
irregular, aphyric, brown-weathering flows interbedded 
with ropy, bright red, orange or chocolate-brown scoria . 
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Figure 75. Schematic cross-sections through Gamma peak showing the subaerial and subaqueous 
facies, and the relationship of the present edifice of Cartoon a Peak to the original form of Gamma peak. 
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The fresh rock is dark grey, very fine grained nonpor
phyritic or slightly porphyritic basalt containing small 
sparse phenocrysts of feldspar and pyroxene . The upper part 
of most flows is highly vesicular, containing irregular cavi
ties, up to 2 em across, lined with opal, aragonite and zeo
lites. Along the northern flank of the Gamma pile, these 
flows form sections up to 120 m thick. Locally, as on the 
south side of Shaman Creek, the flows grade into thick piles 
of agglomerate, tephra and discontinuous lava lenses-the 
eroded remnants of one of several subaerial pyroclastic 
cones that formed the Gamma peak complex. This particular 
pyroclastic pile is overlapped at an elevation of 6000 ft. 
(1830 m) by a succession of flows from some other much 
higher vent. Although it has not been identified, flat-lying 
subaerial flows that issued from it are exposed up to an ele
vation of 7000 ft. (2135 m). Lenses and pockets of fluvial 
gravel containing clasts of both basalt and Armadillo rhyo
lite are interbedded with the flows and indicate that con
struction of the lower , subaerial portion of the Gamma peak 
pile was interrupted by periods of quiescence, accompanied 
by erosion and the establishment of streams transporting a 
base load of small rounded gravel and boulders from the 
adjacent Armadillo Highlands. There is evidence too that 
some of the early Gamma flows came in contact with small 
glaciers or flowed into ice ponded lakes . Along the extreme 
northern edge of the pile, highly feldsparphyric flows are 
overlain by a thin layer of nonporphyritic, sideromelane 
tuff-breccia containing pillow fragments . This is overlain by 
nearly 90 m of quenched basalt that is lithologically similar 
to sparsely porphyritic feldspar, pyroxene basalt forming 
thin subaerial flows farther south. The quenched basalt is 
characterized by small-diameter radiating, sheathlike or 
curvilinear columns, or by small three-dimensional polygo
nal jointing. The surfaces of pillow-like forms and lava ton
gues have a pronounced selvage of dense black subvitreous 
basalt which contrasts with the fine grained grey vesicular 
rock in their interior. Individual flow units in the quenched 
sequence have no lateral continuity. Unlike their subaerial 
counterparts, the flow units have no associated partings of 
oxidized flow breccia or scoria. Instead, small tubular flow 
tongues are stacked randomly one against another or locally 
separated by isolated pockets of fine glassy particles, spalled 
from the quenched lava surface. The location of these 
deposits, midway between Beta peak and the growing 
edifice of Gamma peak, suggests that they were formed 
where northward flowing Gamma lava entered a meltwater 
lake or impinged on a small glacier between the two peaks. 

Upper unit. The olivine-rich basalt that forms the upper 
part of Gamma peak includes two distinct subunits: (I) a 
lower subaqueous pile , and (2) an upper blanket of subaerial 
flows (Fig. 75). 

Subaqueous subunit. The subaqueous pile can be further 
subdivided into a proximal or vent facies, and a distal, tuff
breccia facies. The vent facies is well exposed on 150 m cliffs 
on the northwest side of Cartoona Peak where a complex 
of tuff-breccia, pods of pillow lava and quenched flow 
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tongues are cut by subvertical irregular, dyke-like masses 
of vesicular basalt with small radiating clusters of columns. 
The tuff-breccia in this facies is a chaotic mixture of large 
and small clasts having no stratification or sorting. Large 
irregular masses of vesicular basalt, up to several metres 
across, partly surround or actually enclose pockets of matrix. 
Many smaller globules of lava are also irregular and tend 
to be molded around clumps of matrix, in some cases 
appearing to have been deformed after deposition. The 
matrix itself is a porous, but cohesive, aggregate of quenched 
basalt fragments which range in size from a few centimetres 
down to fine lapilli. Fragments of more than about 2 cm 
across have cores of black, subvitreous basalt surrounded 
by rims of yellowish-brown sideromelane, whereas smaller 
fragments consist entirely of glass. Discontinuous flow frag
ments and pockets of tubular pillow lava within the pile of 
tuff-breccia commonly have steep initial dips and, like the 
matrix fragments, they have a surface rind of yellow-brown 
to black sideromelane. Feeder dykes, sills and irregular in
trusive masses up to a few metres across cut all the rocks 
in the vent facies, forming a random network of resistant 
ribs and ledges on the less resistant outcrops of tuff-breccia. 
A quenched selvage from a few millimetres to about 2 em 
thick of black subvitreous basalt is present along contacts 
between many of these intrusive bodies and the tuff-breccia, 
but no sideromelane rind is present. Small spherical vesicles, 
mostly less than 2 mm in diameter, are aligned in succes
sive planes parallel to their contacts and a few centimetres 
apart. Small diameter columns, commonly less than 0.3 m 
across are well developed normal to most contacts. 

The distal tuff-breccia facies is defined by a relatively 
narrow lobe of low rounded hills which extend westward, 
across the surface of the Mess Creek plateau for about 5 km 
from the central vent of Gamma peak. Unlike the chaotic, 
structureless pile in the vicinity of the vent, the distal tuff
breccia exhibits some degree of layering and sorting (Fig. 
76). In most exposures the matrix consists of fairly well 
sorted, loosely cemented, lapilli to coarse sand-sized gran
ules of yellowish brown sideromelane and small, angular 
pebbles of black basalt. Crude bedding, due mainly to slight 
differences in the size and colour of granules, give most out
crops a distinctly layered aspect. Large blocks of grey vesic
ular basalt suspended in the fine brownish matrix are 
commonly concentrated in fairly well defined beds and in 
places coarse blocks 0.3 m or more across grade through 
smaller clasts into sandy layers. Large blocks at the base of 
such sets have deformed the layering in underlying strata 
whereas the overlying beds are undisturbed or lap against 
the upper part of the blocks . Unlike the highly irregular 
globules in the tuff-breccia near the vent, large blocks in the 
distal facies are angular, mostly wedge-shaped or bounded 
by polygonal fracture surfaces, suggesting that they were 
derived from broken pillows and quenched flow lobes. 
Although most of the distal tuff-breccia is more or less bed
ded, its internal structure is highly disorganized. Initial dips 
up to 40° vary from outcrop to outcrop. Slump structures, 
scoured channels and large scale crossbedding are common 
and locally , the well bedded sequences are interrupted by 
thick units of structureless slide debris. 



Figure 76. Outcrop of crudely bedded tuff-breccia in the 
distal facies of the Gamma peak pile. GSC 202468- T. 
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The tuff-breccia facies of Gamma peak olivine basalt is 
clearly of subglacial origin. Tills and glacial fluvial gravel 
associated with the uppermost porphyritic flows from Beta 
peak provide evidence of earlier glaciations in the region. 
The extent of this ice must have fluctuated widely during 
the period of Gamma activity. Ice cover during the waning 
stages of Beta activity was followed by a recession during 
which the lower, mainly subaerial, pile offeldspar pyroxene 
basalt was built. At that time only small remnants of ice 
were present. One of these, between Beta and the develop
ing edifice of Gamma peak provided the only ice contact fea
tures noted in the lower pile. By the time Gamma peak 
entered its second stage of activity and began to erupt olivine 
basalt, the glaciers had again expanded into a broad ice cap 
that covered the lower, subaerial shield of Gamma peak and 
extended several kilometres westward onto the flanking 
plateau (Fig. 77). The chaotic breccias of the vent facies 
accumulated in a meltwater lake thawed into the ice and 
churned by repeated phreatic explosions. Most of the 
material in the distal facies was probably initially deposited 
on the ice and later slumped or was carried by streams into 
a long linear trough, cut by thawing, on the surface of the 
ice down-slope from the vent lake. 

Subaerial subunit. The subaqueous vent breccias on the 
present summit of Cartoona Peak are overlain by remnants 
of subaerial flows. Despite the steep slope on which they 
rest (initial dips up to 40°), most of the flows are more than 
3 m thick and locally, single cooling units up to 60 m thick 
rest on slopes of 10-15°. The ability of this lava to cling so 
tenaciously to the slopes of the old edifice suggests that it 
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Figure 77. Schematic block-diagram showing late stage eruption of the Gamma peak vent during a period 
of extensive ice cover. View looking east shows Beta peak in the left background and nunataks in the 
Armadillo Highlands in the right background. 
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was highly viscous, yet remnants of lithologically similar 
flows occur several kilometres farther west where they 
form prominent rimrocks 3-6 m thick along the edge of the 
plateau, facing Walkout Creek . Columnar or blocky 
rectangular jointing and horizontal flow cleavage are well 
developed. These distal lobes of lava must have been diverted 
by, and flowed around, the old piles of subaqueous tuff
breccia. They are commonly underlain by a thin veneer of 
colluvium which includes clasts and pockets of the side
romelane breccia, but except on the central edifice itself, 
these are rarely more than a few metres thick. 

Most of the lava in the upper subaerial unit appears to 
have issued rapidly from a vent near the summit of Gamma 
peak. No more than two or three cooling units are found in 
any section and, more commonly , only one flow is present. 
In the distal lobes, the rock is medium to light grey, light
grey-weathering, fine grained basalt with rare 1-3 mm 
phenocrysts of pale yellowish-green olivine. At two locali
ties the basal flows of this di stal lava contain clusters of oli
vine nodules. 

The rimrock along the north fork of Walkout Creek , 5 
km west of Gamma peak , contains about 5 % olivine 
phenocrysts , sparse 2-4 mm phenocrysts of clear glassy 
plagioclase in stout prismatic crystals , and rare phenocrysts 
of black pyroxene in crystals usually less than I mm across. 
The percentage of phenocrysts increases in the more 
easterly exposures and the thick, proximal flow-remnants 
on the upper slopes of Gamma peak are highly porphyritic , 
containing up to 30% phenocrysts of olivine, plagioclase 
and pyroxene in about equal proportions. An analogous 
change is present in some of the single thick flows on the 
upper flanks of the peak . These are commonly sparsely por
phyritic at the base and become increasingly porphyritic 
upward. Except for pyroxene , which is coarser grained (up 
to I cm) in the highly porphyritic phases, the phenocrysts 
vary little in size either within a single cooling unit , or in 
distal compared with proximal flows. 

The systematic increase in phenocryst content with time 
provides a rational explanation for the observed difference 
in mobility of the distal and proximal flows. The first , 
aphyric or slightly porphyritic magma was highly mobile . 
It streamed down the slope of the main edifice around the 
piles of tuff-breccia at the base of the old cone and flowed 
to the outer edge of the pile , leaving little record on the steep 
slopes surrounding the vent. In contrast, the crystal-rich 
magma erupted near the end of the event was more viscous 
and consequently piled up in thick flows near its source. 

There is no evidence of ice or water contact features 
within the subaerial subunit. The ice field that formerly 
covered Gamma peak and the surrounding plateau must 
have receded beyond the outer limits of the pile prior to 
eruption of the final pulse of olivine basalt from the central 
vent. 
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Kounugu Member 

South of Raspberry Pass , sections of Nido basalt out
crop around the periphery of the Spectrum Range (Fig. 65). 
They are treated as a separate member , the Kounugu, 
because they are physically separated from the Tenchen by 
the broad east-west valley of Raspberry Pass, and because 
this southern part of the Nido pile extends beyond the limit 
of pre-Nido formations which define the base of the Ten
chen Member farther north . Along the northern edge of this 
terrane , the Kounugu flows rest on the distal edge of 
Armadillo lavas , ash flows and pumice deposits , but farther 
south they form the basal unit of the pile , resting either 
directl y on basement or on a layer of colluvium , gravel or 
slide debris which covers the old basement surface (Fig. 
78) . Deep erosion and extensive cover by younger rocks 
have obliterated the vents from which this lava issued, but 
indirect evidence points to at least four separate centres: 
I. Swarm peak, 2. Vanished peak , 3. Lost peak, and 4. 
Exile hill. 
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Swarm peak 

Flows believed to have originated from Swarm peak are 
exposed around the southern end of the Spectrum Range 
where they form prominent cliffs in the escarpment facing 
Raspberry Pass and Mess Creek on the west, and Little Iskut 
River and Artifact Creek on the east. The northern edge of 
the pile laps against the steep southern slope of the 
Armadillo Highlands and the southern edge is almost com
pletely covered by younger flows and domes of the Spec
trum Range. The pile slopes gently westward and is more 
than 16 km long. On the east side, along Little Iskut River, 
the basal flows rest on Armadillo trachyte at an elevation 
of nearly 6000 ft.(1800 m). The elevation of this contact 
becomes progressively lower toward the west and along 
Mess Creek Escarpment, the basal flows rest on Armadillo
bearing tills and glacial fluvial gravel deposited at an eleva
tion of 5100 ft. (1556 m). 

The total thickness of the pile is rarely more than 90 m. 
An exception is found on Stewbomb Ridge where the thin, 
Swarm peak basalt flows and interlayered gravel beds have 
a combined thickness of more than 180 m. The Swarm peak 
flows are relatively thin , commonly from 1.5-6 m, with 
thick columns. They weather to a dark lustrous brown, 
nearly black surface and the ropy, highly vesicular layers 
of interbedded scoria are black with streaks and patches of 
red and bright orange. The basalt is commonly a dense black 
or very dark grey, nonporphyritic rock, though small sparse 
phenocrysts of feldspar are present in some flows. Many 
flows, particularly in the western source area are highly 
vesicular. Large irregular voids , as well as small spherical 
or elliptical vesicles, are lined with botryoidal goethite and 
partly or wholly filled with radiating crystals of white or 
amber aragonite. Although small crystals of aragonite are 
ubiquitous in the older basalts of the Mount Edziza 
Complex, they are particularly well developed and abundant 
in the Swarm peak lavas. In some of the more porous flows, 
aragonite forms up to 20 % of the rock volume, mostly in 
amygdules less than 2 cm across, but in some places, form
ing radiating crystal clusters up to 25 cm across. In these 
larger voids, individual aragonite crystals are up to I cm 
thick and 15 cm long . 

The source of the Swarm peak basalt must have been 
at the extreme eastern edge of the pile. It probably consisted 
of a group of several vents, none of which developed a large 
composite cone. The great lateral extent of the thin Swarm 
peak flows indicates a very mobile lava. Most of it must 
have flowed westward down the existing slope and accumu
lated in distal lobes leaving only a thin veneer of flows and 
a few cinder cones in the source area. Lenses of red, oxi
dized scoria containing spindle-shaped bombs are present in 
the section facing Little Iskut River and a 30 m layer of simi
lar pyroclastic debris is present in the upper part of the sec
tion near the centre of Artifact Ridge . These few fire 
fountain deposits are all that remain of small pyroclastic 
cones that formerly clustered along the eastern edge of the 
Swarm peak pile . North of the scoria lenses in Little Iskut 
escarpment , the entire Kounugu basalt succession has been 
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removed by erosion, revealing a swarm of vertical, north
trending dykes (Fig. 79) that cut obliquely across the pre
Kounugu strata forming Swarm Ridge at the southeast end 
of Raspberry Pass. The 0.5-2 m wide dykes form prominent 
black ribs which stand out in bold relief against the poorly 
consolidated, light coloured layers of Little Iskut and 
Armadillo pyroclastic deposits which they cut. The dyke 
rock is fine grained, nonporphyritic basalt, similar to, and 
probably genetically related to the Swarm peak flows . 

The north-south orientation of the dykes is roughly par
allel with the regional distribution of the Nido volcanoes 
along the eastern edge of the Edziza pile . It seems probable 
that the dyke swarm exposed on Swarm Ridge is only one 
small part of a regional fracture system through which much 
of the Nido basalt reached the surface. 

Nearly all of the Swarm peak flows are subaerial , but 
a single 45 m thick lens of palagonite tuff-breccia , near the 
base of the section on Artifact Ridge is clearly waterlain. 
There are no ice contact features elsewhere in the Swarm 
peak pile, so it is unlikely that the tuff-breccia is of subgla
cial origin. A more probable explanation is the ponding of 

Figure 79. North-south dykes on Swarm Ridge, near the 
eastern end of Raspberry Pass, believed to be part of the 
feeder system through which the Swarm peak basalt was 
erupted. GSC 202468-U. 
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a small lake behind early Swarm peak flows followed by 
quenching and brecciation of subsequent flows that entered 
the body of water. The tuff-breccia is underlain by a few 
subaerial flows, or lenses of scoria , and these in turn are 
underlain by fluvial gravel deposits up to 12 m thick which 
rest directly on Armadillo trachyte. This gravel, which 
includes both trachyte and basalt cobbles and boulders, must 
have been deposited by streams flowing southward, out of 
the Armadillo Highlands. Channels cut into the upper sur
face of the gravel are exposed at several places along 
Artifact Ridge. They vary from 2-7 m in depth and are filled 
with basalt flows erupted during the initial stage of Swarm 
peak activity. Radial or fan-shaped clusters of columns , per
pendicular to the cross-section of the old channels, are well 
developed in these flows. The basal, channel-filling flows 
are commonly overlain by a thin veneer of gravel on which 
the subaqueous tuff-breccia rests and similar gravels are 
interlayered with subglacial flows along the edge of the lens 
of tuff-breccia. The latter are believed to be lag gravels 
deposited by streams that bypassed the original obstruction 
after the lake had been displaced by lava. 

Streams carrying gravel southward off the trachyte 
piles of Armadillo Highlands were diverted westward and 
merged with streams flowing northward off the high granitic 
terrane farther south . Thus, gravels interbedded with and 
overlying the distal end of Swarm peak flows exposed along 
Mess Creek Escarpment consist mainly of Swarm peak and 
older basalt, but also include small cobbles of Armadillo 
trachyte plus boulders and cobbles of granitic and other 
basement rocks (Fig. 80) . 

Vanished peak 

The Vanished peak flows outcrop around the southeast
ern margin of the Spectrum Range where sections up to 365 
m thick rest on the pre-Edziza basement surface . The north
western edge of the pile is buried beneath younger rhyolite 
and trachyte of the Spectrum Range, whereas the southern 
edge laps against the steeply rising basement surface. At its 
thickest part , south of Kounugu Lake, the section rests 
directly on basement rocks at an elevation of 4850 ft. 
(1480 m). From the lake, the basal contact can be traced 
southward for 10 km to an elevation of 6200 ft. (1890 m). 
There, at the south end of the map area , only a few small 
remnants , none more than 90 m thick, form buttes on the 
deeply dissected basement terrane. South of the map area 
no evidence of their source is preserved among the rugged, 
ice encrusted ridges of Mesozoic sedimentary and plutonic 
rocks that comprise the Hankin Peak Massif. 

At the head of Ball Creek, where erosion has stripped 
away the overlying Spectrum rocks, the Vanished peak 
flows form a series of low black terraces that contrast shar
ply with the brightly coloured Spectrum rhyolite and 
trachyte (Fig . 81) . Elsewhere, the Vanished peak flows 
form prominent dark cliffs at the base of the Spectrum pile. 
Most of the flows are from 6-15 m thick with stout, well
formed columns which weather to a dark lustrous brown 
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surface. Interbedded layers of scoria are relatively thin, 
usually 0.5-1.5 m, and consist entirely of blocks, cinders 
and clinkers sloughed off the toe of the advancing flow. No 
primary pyroclastic deposits were found interlayered with 
the Vanished peak flows. 

With a few exceptions, the Vanished peak basalt is a 
fine grained, dark grey, nonporphyritic rock . A single 2 m 
thick flow of picritic basalt in the upper part of the section 
north of Kounugu Lake, contains up to 30 % clear, 
yellowish-green olivine phenocrysts, and proximal flows at 
the extreme southeast corner of the pile are moderately feld
sparphyric . Vesicles, abundant in the upper part of most 
flows, are commonly lined with goethite, opal, quartz and 
rarely with calcite and aragonite . The quartz forms 
encrustations of tiny, perfectly terminated, prismatic crys
tals . 

The Vanished peak flows clearly originated from a 
source that lay in the higher mountains south of the map 
area. The fluid basaltic lava must have been channelled 
northward through a relatively narrow valley and dis
charged onto the broad , upland surface of Spectrum Plateau 
where it spread out in thin, flat-lying lobes. The entire 
Vanished peak pile must have been erupted during a period 
of glacial recession . The only evidence of water-quenched 
flows is confined to the extreme southeast part of the pile 
where about 12 m of pillow lava and palagonite tuff-breccia 
form the basal member of the pile. These deposits rest 
directly on basement near what must have been the bottom 
of the distributary valley through which the flows were 
channelled, and they probably formed in a lake that was 
rapidly filled by the first surge of lava. The rapidity with 
which the Vanished peak flows accumulated is reflected in 
the scarcity of interlayered fluvial deposits . Only a few thin 
lenses of gravel were observed , and all of these are in the 
proximal , valley-filling succession where streams continued 
to flow northwest out of the Hankin Peak highlands during 
Vanished peak activity (Fig. 78). The clasts are almost 
entirely of basement rocks, suggesting only little erosion of 
the volcanic edifice itself during the period of its activity. 

Lost peak 

Lost peak (Fig. 65) rises to a prominent black pyramid
shaped cone near the southwestern edge of Spectrum 
Plateau. The upper part of the edifice and most of the west
ern buttress consist of quenched lava toes, pillows and side
romelane tuff-breccia, whereas the eastern flank consists 
mainly of thin subaerial flows interlayered with thick scoria 
beds. The edifice is underlain by a few subaerial flows at 
the distal end of the Vanished peak pile, and a thick layer 
of coarse fluvial gravel is commonly present along the con
tact. The cobbles and boulders in these deposits are mainly 
fine grained, nonporphyritic basalt of Vanished peak type 
indicating a significant lapse of time between the end of 
Vanished peak volcanism and the onset of Lost peak activ
ity. This is consistent with the change from subaerial to 
subaqueous conditions during the period between Vanished 
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Figure 81. Looking northwest across Kounugu Lake and 
Spectrum Plateau. Basalt flows of the Nido Formation form 
the dark coloured terraces on the plateau and the section at 
the base of Kounugu Mountain (background) where Nido 
flows are overlain by rhyolite of the Spectrum Formation. GSC 
204627-A. 

peak and Lost peak activity. No glacial ice could have been 
present during the emplacement of the underlying Vanished 
peak flows and their subsequent burial by fluvial gravel, 
whereas the western side of the Lost peak pile must have 
been ponded against a thick lobe of ice encroaching on the 
Spectrum Plateau from icefields in the Coast Mountains to 
the southwest. 

Exile hill 

Remnants of the Exile hill pile are preserved on Arctic 
Plateau where up to 180 m of basalt flows are exposed in 
isolated buttes and in cliffs along upper Mess Creek valley. 
Their source is believed to have been a centre near Exile 
hill, which is topographically higher than any of the other 
remnants . Also, thin flows on the north end of Exile hill 
grade southward into a thick wedge of mainly pyroclastic 
debris that forms its southeastern flank . These deposits, 
which include bombs and agglutinated spatter, are probably 
a small remnant of one of the pyroclastic cones that was built 
around the Exile hill vent. No primary pyroclastic material 
is interlayered with the more distal flows that form the cliffs 
along Mess Creek Escarpment. 

The Exile hill flows are more va ried in both morphol
ogy and composition than those in the Swarm peak or 
Vanished peak piles. Individual flows range in thickness 
from more than 30 m near the base to discontinuous rubbly 
flows only a few metres thick at the top. The basal flows 
commonly have long curving columns in sheath-like 
clusters, whereas the upper flows are characterized by stout, 
spheroidally weathered columns or random, blocky joint
ing. The rock varies from dark grey aphanitic, aphyric 
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basalt which is most common in the distal flows, to fine 
grained basalt with up to 15 % phenocrysts of feldspar, 
pyroxene and olivine in proximal flows on the upper part 
of Exile hill. 

PETROGRAPHY 
The mineralogy and texture of the Nido basalts are sur

prisingly uniform (Fig. 82) considering the long period over 
which they evolved and the many separate centres from 
which they issued. Plagioclase (An4s.7o), titaniferous, cal
cic augite (salite), olivine (Fa2o-50) and opaque oxides 
(mainly ilmenite) are the essential mineral constituents 
(Table 7). Observed differences in lithology are due mainly 
to grain size and phenocryst content, neither of which pro
vide a basis for subdividing the Nido into petrographically 
distinct units. Grain size, which varies from microcrystal
line or subvitreous in quenched basalts to medium grained 
(± I mm) in thick or ponded lava flows , is a function of 
local cooling history. In closely related sequences of flows 
there is commonly a systematic upward increase in 
phenocryst content but this too is a local phenomenon, 
related to the evolution of a single magma batch. The most 
abundant phenocryst is plagioclase, followed by olivine and 
clinopyroxene. Opaque oxides rarely form phenocrysts in 
the Nido basalt. 

Plagioclase phenocrysts are mostly euhedral, com
plexly twinned , tabular laths 2-5 mm long . They rarely form 
more than 5 % of the Nido basalt but extremely porphyritic 
varieties, such as the upper Beta peak flows , contain up to 
50% plagioclase phenocrysts as long as 2 cm. This high 
feldspar content tends to shift the rock toward hawaiite in 
the chemical classification (Fig. 83) but the feldspar compo
sition is largely independent of total phenocryst content or 
size. Most of them have sharp boundaries against the enclos
ing ground mass but an older generation of slightly more cal
cic, embayed and rounded plagioclase is present in some 
sections. Twenty probe analyses (Fig. 84) indicate a range 
of phenocryst compositions from An44-68 and a normal zon
ing range of 5-6% An in indiviaul crystals. 

Phenocrysts and microphenocrysts of olivine form 
euhedral prisms with sharp crystal boundaries showing no 
evidence of reaction with the groundmass. Nine probe ana
lyses (Fig. 84) showed a range from Fa22-45, but no mea
surable zoning within single crystals. 

Purplish-brown titaniferous augite is present as 
phenocrysts and microphenocrysts in about half of the Nido 
thin sections examined . The larger crystals (up to 3 mm) are 
commonly rounded, with embayed or fretted boundaries 
and many exhibit sector zoning. Microphenocrysts « I 
mm) occur as fu siform, strongly zoned prisms with pig
mented cores and clear rims. Nine probe analyses, ofpyrox
ene, cluster in or near the salite field (Fig. 84). The aphyric 
Nido basalts are petrographically similar to the ground mass 



a -Aphyric alkali olivine basalt, comprising euhedral laths of 
plagioclase, intergranular subhedral grains of clinopyroxene, 
minor olivine and opaque oxides (plane light). 

b -Aphyric alkali olivine basalt with subophitic texture. Subhedral 
laths of plagioclase and opaque oxides are partly enclosed 
by clinopyroxene. 

c,d-Microporphyritic hawaiite with euhedral microphenocrysts of 
plagioclase and olivine in a fine grained groundmass of 
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plagioclase, olivine, opaque oxides and intergranular 
clinopyroxene (c, crossed polarizers; d, place light). 

e -Euhedral olivine microphenocryst in a subophitic groundmass 
of randomly oriented plagioclase laths, clinopyroxene, olivine 
and opaques (alkali olivine basalt, plane light) . 

-Cluster of olivine, clinopyroxene and plagioclase in alkali 
olivine basalt. Note reaction of plagioclase with fine grained 
groundmass. 

Figure 82. Photomicrographs of typical Nido basalts; scale bar 0 .5 mm. 
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Table 7. Representative microprobe analyses and structural data for the principal mineral phases 
in the Nido basalt. (NF, Nido feldspar; NP, Nido pyroxene; NO, Nido olivine). 

Feldspar Pyroxene Olivine 

Phenocryst Groundmass Groundmass Phenocryst Groundmass 

NFl NF2 NF3 NF4 NPI NP2 NOI N02 

SiO 50.48 53.23 54.73 52.11 46 .57 49.87 37.88 36.51 

~:Da3 30.18 28.95 29.17 29.74 5.02 2.96 0.Q7 0.0 
0.0 0.0 0.0 0.0 3.71 1.99 0.03 0.06 

Cr203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

~~D03 0.52 041 0.28 0.57 1.91 1.92 0.0 0.0 
0.0 0.0 0.0 0.0 8.88 8.06 23.89 33.48 

MnO 0.0 0.0 0.0 0.0 0.2 1 0.2 1 0.25 0.59 
MgO 0.0 0.0 0.0 0.0 11 .25 12.90 37.06 29.60 
NiO 0.0 0.0 0.0 0.0 0.0 0.0 0. 10 0.0 
CaO 13.59 11 .23 11 .16 1281 2 1.34 2 1.80 0.2 1 0.44 
NaC? 3.69 4.98 5.25 4.23 0.54 0.48 0.0 0.0 
K2 0.12 0.33 0.24 0.16 001 0.0 0.0 0.0 
H2O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOlal 98.58 99.13 100.83 99.62 9944 100.19 99.49 100.68 

No. of ions on basIs of 8 (0) Number of ions on 
basis of 6 (0) 

Si 2.3327 2.4309 2.4522 2.377 1 Si 1.7739 1 8689 Si 0.9991 0.9989 
AI 1 6437 1.5582 1.5403 1.5989 AI 0.2254 0.1307 AI 00 0.0 
Cr 0.0 0.0 0.0 0.0 TI 0 .0008 0.0004 Cr 0.0 0.0 
Fe3 + 0.0181 0.01 41 0.0094 0.0 196 Fe 0.0 0.0 Fe). 0.0 0.0 

Cr 0.0 0.0 

AI 0.0 0.0 0.0 0.0 AI 0.0 0.0 AI 00022 0.0 
Cr 0.0 0.0 0.0 0.0 TI 0.1055 0.0557 Cr 0.0 0.0 
Ti 0.0 0.0 0.0 0.0 Fe3 T 0.0548 0.0542 TI 00006 0.001 2 
Fe3 + 00 0 0 0.0 0.0 Cr 0.0 00 Fe J 1' 0.0 0.0 
NI 0.0 0.0 0.0 0.0 NI 0.0 0.0 Ni 0.002 1 0.0 Fe2• 0.0 0.0 0.0 0.0 Fe2 + 0.2829 0.2526 Fe2 t 0.5269 0.7660 
Mn 0.0 0.0 0.0 0.0 Mn 0.0068 0.0067 Mn 0.0056 0.0 137 
Mg 0.0 0.0 0.0 0.0 Mg 0.6387 0.7206 Mg 1.4569 1.207 1 

Ca 0.8709 0.8753 
Na 0.0399 0.0349 
K 0.0005 0.0 

Ca 0.6729 0 5495 0.5358 0.626 1 Ca 00059 0.0129 
Na 0.3306 0.441 0 04561 0.374 1 Na 0.0 0.0 
K 0.007 1 0.0 192 0.0137 0.0093 K 0.0 0.0 

Table 8. Five representative chemical analyses of specimens 
from the Nido Formation. 

Alkali olivine basalt Hawaiite 

Sample 2655 43 91 2674 46 

SiO 46 .300 46.600 47.400 45.100 48.700 
AI203 14.400 15.600 16.200 15.800 16.400 
Feb0 3 4.800 3.800 1.400 3.000 4.100 
Fe 9.000 10.000 10.400 10.800 7.600 

CaO 9.400 9.750 9.770 7.800 8.440 
MgO 6.000 5.240 7.010 4.300 4.670 
Na20 2.500 3.300 3.200 3.700 3.500 
K20 0.700 1.100 0.960 1.500 1.430 

Ti02 3.090 3.080 2.400 3.320 2.730 
P20 S 0.260 0.610 0.370 0.480 0.570 
MnO 0.180 0.190 0.180 0.190 0.180 

S 0.0 0.070 0.060 0.0 0.070 
NiO 0.0 0.0 0.010 0.0 0.010 
CO2 0.300 0.0 0.0 2.500 0.500 
H2O 2.500 0.400 0.100 1.800 1.600 

Total 99.430 99.740 99.460 100.290 100.500 
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of those bearing phenocrysts. Ragged, strongly zoned laths 
of plagioclase (AnSS-6S) are crudely aligned to give the rock 
a pilotaxitic texture. Intersertal and poikilitic textures are 
common in which the feldspars are partly or wholly 
enclosed by purplish-brown, groundmass titanaugite. How
ever, the ground mass pyroxene of some Nido basalts forms 
clusters of tiny, intergranular prisms between the 
plagioclase laths. Groundmass olivine, as tiny, equant 
grains ( < 0.25 mm) is interstitial to the feldspars and com
monly enclosed by the ground mass pyroxene. Their com
positional range (Fa38-so) is slightly higher in iron than the 
associated phenocrystic olivine (Fig. 84). Uniformally dis
seminated opaque oxides form 3-5 % of most Nido basalts. 
They are interstitial to the groundmass feldspar and exhibit 
euhedral to subhedral crystal boundaries against the ground
mass pyroxene. Partial probe analyses indicate an Fe/Ti 
ratio of about 1: I, suggesting ilmenite. 

CHEMISTRY 
Twenty-five major element analyses of Nido basalt are 

plotted in Figures 83 to 86 and five superior analyses are 
listed in Table 8. With two exceptions they plot in the field 
of Irvine and Baragar's (1971) sodic series on the Ab'-An
Or diagram (Fig. 86) and form a fairly tight cluster strad
dling the alkali basalt-hawaiite fields of the normative 
colour index vs. normative Pc diagram (Fig. 83). As noted 
in the previous section the shift toward hawaiite appears to 
result from higher than average contents of plagioclase 
phenocrysts. All of the aphyric rocks plot in the alkali oli
vine basalt field. 

The Harker diagrams (Fig. 85) and alkali vs. silica dia
gram (Fig. 83) show no systematic variations with respect 
to silica. However, this is not surprising considering the 
very small range of silica (46 to 49.5 %) in the Nido rocks . 
On the AFM diagram (Fig. 86) the Nido analyses also form 
a fairly compact population of points in the region of moder
ate to strong iron enrichment. In general the chemistry of 
the Nido basalt falls within the same narrow limits as the 
underlying Raspberry basalt. This suggests that both are 
primitive magmas that have erupted without undergoing sig
nificant modification either internally or as a result of 
changes in the source area during the four million year inter
val that separated Raspberry from Nido activity. 



SPECTRUM FORMATION 

GENERAL GEOLOGY 

T he Spectrum Range is a nearly circular cluster of 
long , narrow-crested ridges and pyramid-shaped 

peaks of rhyolite and trachyte at the southern end of the 
Mount Edziza Volcanic Complex (Fig. 87, Map 1623A, in 
pocket). The light grey, white, pale green and purple rocks 
weather to bright hues of red , yellow and orange which give 
the range its name. The Spectrum pile, once much larger, 
is now about 19 km across. Peaks, nearly 2500 m high at 
the centre of the range, are surrounded by a crudely radial 
system of ridges and lesser peaks that decrease in elevation 
toward the OUler margins of the range (Fig. 88). The origi
nal surface was a broad dome, but erosion has reduced all 
but a few of the interfluvial areas to sharp-crested ridges. 
Only on a few small interfluves where the Spectrum rhyolite 
and trachyte were protected by younger basalt flows of the 
Kitsu member, is it possible to see part of the unmodified 
upper surface of the original edifice. The rock is closely 
jointed and commonly has a platy or flaggy flow layering 
that makes it highly susceptible to frost wedging. As a con
sequence, most ridges are covered with a thick mantle of 
felsenmeer and their steep, unbroken, slopes lie close to the 
angle of repose of free-running flaggy talus . Thus, while the 
Spectrum Range is almost totally free of vegetation, the rock 
is not well exposed. Continuous outcrops, where detailed 
relationships can be observed, are found only on the steep 
upper ribs of the highest peaks and ridges and on glacially 
oversteepened walls of cirques. Elsewhere , only small iso
lated buttresses of rock project through the pervasive mantle 
of loose , broken slabs. 

Almost the entire Spectrum pile is underlain by Nido 
basalt. The only exceptions are found along its northern 
edge where the basalt wedges out against the southern edge 
of the Armadillo Highlands and overlying Spectrum 
trachyte rests on Armadillo rhyolite. Also, at the extreme 
southwestern corner of the pile, Spectrum rhyolite extends 
beyond the outer limits of the Nido basalt and overlies the 
old basement surface. At the few places where the basal con
tact is exposed in the central part of the pile, Spectrum rhyo
lite rests directly on glaciated and scoured flows of Nido 
basalt, whereas around the outer margins of the pile , a layer 
of gravel is commonly present at the base of the Spectrum 
sections. These include gravels derived from the underlying 
basement and Nido terranes, as well as gravels derived 
wholly, or in part, from earlier phases of the Spectrum For
mation itself. The latter are most abundant along the western 
and southern part of the pile where trachyte and rhyolite 
clasts are the dominant lithology in the basal gravels . Clastic 
layers within the Spectrum pile are uncommon and, like the 
basal gravel, they are confined to its outer margins, particu
larly along the western side. 

SPECTRUM FORMATION 

Main lava dome 

Nearly all of the Spectrum rocks appear to have been 
erupted from a vent or cluster of vents that lay close to the 
high peaks at the centre of the range (Fig. 88). However, 
the existing peaks and ridges are merely remnants of a once 
continuous dome that extended far beyond the present limits 
of the range (Fig. 89). Truncated remnants of thick, gently 
dipping trachyte flows at the summit of Kitsu Peak, the 
highest peak in the range , indicate that the summit of the 
original dome was more than 8000 ft. (2400 m) above sea 
level. Its distal edge has been almost entirely removed by 
erosion, but a few remnants around the southwestern edge 
and along the northern edge, where it laps against the old 
Armadillo Highlands , indicate that the main dome was 
originally more than 25 km across. The most distal remnant , 
on Kitsu Plateau, northwest of Raspberry Pass, is about II 
km from the summit of the main dome. However , these rela
tively thin trachyte flows may have originated from a nearby 
satellitic vent. 

Despite widespread development of talus and felsen
meer, the internal geometry of the main dome is locally well 
exposed. On Kitsu Peak and the high ridges radiating from 
Yeda Peak, the flows are nearly flat-lying, whereas those 
in the peripheral part of the range dip gently toward the edge 
of the pile. On the glacially oversteepened south face of 
Yagi Ridge, individual cooling units can be traced for 
several kilometres. These flows, which vary from 15 to 150 
m thick, dip northwesterly away from the centre of the range 
(Fig. 90). The average gradient is about 300 m per 
kilometre, but initial dips up to 150 were observed where 
the lava has flowed over irregularities on the old surface. 

More than 730 m of rhyolite and trachyte are exposed 
between the summit of Kitsu Peak and the head of Nagha 
Creek, where the base of the Spectrum pile rests directly on 
Nido basalt. Around the periphery of the range , sections of 
similar rock from 300 to more than 500 m thick are exposed 
along the truncated edge of the original pile. Calculations 
based on a restoration of the original surface (Fig. 87) sug
gest that the volume of the main Spectrum dome was about 
10 I km3 . Nearly all of this immense volume was erupted 
as lava. Pyroclastic rocks, including air-fall pumice and ash 
flows, form only a small percentage of the total , and occur 
mainly along the northern edge of the range. Light coloured 
f1aggy rhyolite is the dominant rock type in the lower two
thirds of the pile , whereas the upper part is mainly green, 
olive-green , brown to nearly black pantelleritic trachyte 
which outcrops in relatively massive, cliff-forming units on 
the crests of many of the higher mountains. However, there 
are exceptions to this general rule where rhyolite occurs in 
the upper part of the section or alternates with trachyte 
(Fig. 91). 
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Figure 87. Paleogeological map and cross-section showing the inferred maximum extent of the Spectrum 
Formation at the end of Spectrum time, and the inferred position of the buried caldera. Stratigraphic sections 
are shown in Figure 91. 



Figure 88. Looking west at Veda Peak and dissected rhyo
lite domes of the central Spectrum Range. GSC 202468-V. 

Flow morphology 

Individual lava flows commonly display four distinct 
zones : (I) a basal quenched zone which includes glass , (2) 
a lower zone of flow layering, (3) a massive central core, 
and (4) an upper breccia zone. The nature and relative 
proportion of these four zones varies with the thickness and 
composition of the flow and with its proximity to the vent 
(Fig . 92). Most of the rhyolites have a relatively thick zone 
of flow layering and a relatively thin massive core as com
pared with trachyte flows of the same thickness. In very 
thick flows of either composition , the central core forms 
most of the mass. Proximal flows tend to have a relatively 
thick vitreous basal zone and a relatively thin upper breccia 
zone compared with distal flows. 

Soda rhyolite and cornendite 

Proximal flows. Rhyolite at the eastern end of Vagi 
Ridge, is fairly typical of proximal rhyolite flows in the cen
tral part of the dome. The basal quenched zone is a layer 
of lightly welded pumiceous breccia from 1-3 m thick in 
which partly flattened fragments of pale green to yellowish 
white clasts of pumice, granular black obsidian , and angular 
lithic fragments are suspended in a fine grained , highly oxi
dized yellow to brown matrix. In some places the pumice 
has been deformed to lenticules and a crude flow structure 
is visible in the matrix. Pumice and obsidian clasts are com
monly less than 3 cm across , whereas many lithic clasts are 
larger and may be up to 1 m across. The percentage of glass 
fragments increases upward until they coalesce to form a 
layer of granular obsidian which may contain a few lithic 
clasts. In some places, the outline of original vitric clasts 
can only be seen on weathered surfaces. Most are only a few 
centimetres across, but the shape varies from nearly 
equidimensional globules in some flows to flattened len
ticules which impart a pronounced eutaxitic texture to 
others. No evidence of the clastic texture of these rocks is 
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a 

Figure 89. Schematic block diagrams showing four stages 
in the evolution of the Spectrum Range caldera and compos
ite lava dome. (a) Explosive eruption of comenditic ash and 
lava onto the surface of Nido basalt flows covering the Spec
trum Plateau. (b) Effusion of thick, platter-shaped flows and 
domes of comendite. (c) Collapse of caldera over magma 
chamber and eruption of the first of many resurgent domes 
within the depression. (d) Eruption of Veda Peak near the 
centre of the composite lava dome and intrusion of soda gran
ite along the southern margin of the buried caldera. 
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Figure 90. Looking north at thick, west-dipping rhyolite 
flows on Vagi Ridge. GSC 202468-W. 

visible on freshly broken or sawn surfaces, but it can be 
enhanced by etching with hydrofluoric acid. In some flows 
the layer of granular obsidian grades upward into layers of 
massive unfractured glass which, even within a single flow, 
may vary from jet black to light greenish or bluish grey. 
Some are mottled, stippled , or intricately marbled with light 
and dark contorted streaks. Most zones of massive glass 
contain at least some flow layers along which devitrification 
and crystallization of vapour phase minerals is concen
trated. This layering is most prominent in the upper part of 
the vitreous zone where planar flow layers are commonly 
associated with spherulites and patchy, irregular areas of 
white, pink or green devitrification. In some flows this zone 
is characterized by extensive development of lithophysae in 
which pea-sized, closely packed spherulites are surrounded 
by a matrix of pale green or grey glass. The transition from 
glass to flow layered rhyolite is commonly a mixed zone a 
few centimetres to 2 m thick in which thin layers of obsidian 
are interlayered with fine grained rhyolite . The layers are 
commonly contorted into complex folds which die out 
upward into rhyolite with closely spaced planar flow 
layering. 

The lower one-third to one-half of most proximal rhyo
lite flows is prominently flow layered except in very thick 
flows (more than 60 m) in which the flow layered zone may 
be only a few metres thick. The layering may manifest itself 
as subtle differences in texture or colour which are visible 
only on weathered surfaces, or it may impart a bold, 
varicoloured banding with alternate layers in different 
shades and hues of white, yellow, green, brown and purple. 
The thickness of individual layers varies from less than a 
millimetre to several centimetres. Commonly, layers of 
dense, dark coloured aphanitic or subvitreous rhyolite alter
nate with porous, light coloured, relatively coarse grained 
layers along which lenticular open voids are present. The 
phenocrystic minerals such as feldspar are, if present, con
centrated in the dense layers, whereas late stage, vapour 
phase minerals are concentrated in the porous layers and 
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cavity linings. The latter include tiny, pyramidal, clear or 
amethyst quartz, analcime, fluorite and acicular crystals of 
sodic hedenbergite and arfvedsonite. Some of the layered 
rhyolite is extremely porous with numerous small lenticular 
cavities forming 1-5 % of the rock. The flow layering is 
deformed around these openings which were clearly formed 
by expansion of a vapour phase during flowage. 

The transition from flow layered rhyolite to the massive 
central core of most proximal flows is gradational over an 
interval of several metres. The layering becomes less dis
tinct upward and more widely spaced. Toward the centre of 
the transition zone individual flow layers lose their con
tinuity, but discontinuous, varicoloured lenses still impart 
a distinct planar fabric to the rock. This, too, is lost in the 
upper part of the transition zone where the alignment of 
small nodes of vapour phase alteration give way to a patchy 
or mottled rock with only an indistinct fabric due to a crude 
orientation of phenocrysts and alignment of open cavities . 
The light patches in the mottled rhyolite commonly contain 
the same vapour phase minerals as those in the underlying 
flow layered rhyolite. In the upper part of the central core 
of some flows , cryptic, vapour phase mottling grades 
upward into prominent, varicoloured lithophysae. 
Individual lithophysae from a few millimetres to 3 cm across 
are commonly filled with a delicate filigree of vapour-phase 
minerals and devitrified glass in the form of thin concentric 
spheres. Some flows, particularly those 30 m or more thick, 
show no mottling, but rather a pervasive vapour phase alter
ation of the entire central core. Such flows are commonly 
bleached to nearly white and the texture is dominantly 
spherulitic. 

In the proximal rhyolite flows, the upper brecciated 
zone is rarely more than a few metres thick and it may be 
missing altogether. Where present, it comprises a chaotic 
jumble of subangular , porous rhyolitic blocks up to about 
I m across. The entire mass is loosely welded together with 
what appears to be aphanitic, relatively dark rhyolite or 
cemented with highly oxidized , rust-stained particles, iron 
oxides and scraps of devitrified glass . 

Distal flows. Toward their distal ends, the internal struc
ture of the flows changes. The amount of lithic clasts in the 
lower quench zone increases at the expense of glass. Layers 
of granular and massive obsidian are commonly absent, and 
at their extreme distal end, the basal breccia of most flows 
contains no pumice and only a relatively few isolated clasts 
and irregular globules of granular obsidian interspersed 
with lithic blocks. The lithic blocks themselves commonly 
display complexly contorted flow layering and have 
annealed internal fractures. 

The proportion of flow layered rhyolite increases at the 
ex.pense of the massive core toward the distal end of most 
rhyolite flows. Also, planar uniform layering gives way to 
highly deformed layering with irregular folds and complex 
zones of fracturing. The latter are , in some flows, confined 
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to zones a few centimetres to several metres thick, bounded 
above and below by rhyolite with undefonned flow layer
ing. Within the fractured zone, fragments of flow banded 
rhyolite have been rotated out of their original position to 
form a tightly stacked breccia of angular, mainly tabular 
blocks cemented by vapour phase minerals. In the distal and 
middle part of some flows , similar fractured zones cut up 
through the flow in the form of small thrust faults along 
which the advancing, semi-rigid flow was deflected 
upward. Above these fractures , the flow layering is com
monly bent up into steep, nearly vertical attitudes. 

Trachyte flows exhibit most of the same features 
observed in the Spectrum rhyolite, but the thickness of the 
different zones differs (Fig . 92). The basal quench zone is 
relatively thin and consists mainly of massive glass in the 
proximal part of most trachyte flows. Farther from their 
source, the glass is commonly absent, its place being taken 
by a relatively thick mat of basal flow breccia. Flow layer
ing is less distinct than in the rhyolite flows, although the 
lower part of most trachyte flows has a well developed platy 
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Figure 92. Schematic sketch showing the morphology of distal and proximal facies of Spectrum Forma
tion comendite and trachyte flows. 

or flaggy flow cleavage, and in a few places, mineral segre
gation along flow layers is well developed. In the distal 
trachyte flows at the east end of Artifact Ridge, for example, 
prominent flow layers are filled with a porous network of 
arfvedsonite crystals, and in the section facing Mess Lake, 
on the west side of the pile, similar flow layers are coated 
with clusters of aenigmatite and aegirine crystals. In the cen
tral part of the range, most trachyte flows consist mainly of 
medium to dark olive-green aphanitic rock with small 
(1-2 mm) randomly oriented feldspar phenocrysts. Vitreous 
and subvitreous phases are mainly black. In many thick 
trachyte sequences, the flows are separated by only a thin 
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glassy layer and 1-2 m of fine grained rock with indistinct 
flow banding. Contacts are commonly so subtle as, for 
example, on the upper part of Kounugu Mountain, that it 
is difficult to distinguish where one flow ends and the next 
begins. The middle and distal segments of such flows have 
developed thick basal and upper breccia zones which com
monly exceed the thickness of the massive lava core. Excel
lent examples are exposed on the western end of Yagi Ridge 
where flow breccia of loosely or completely welded blocks 
of porous green trachyte forms recessive benches between 
nearly vertical cliffs of columnar jointed trachyte in the mas
sive cores of successive flows. In the transition zone from 



core to breccia, at both the top and bottom of the flow, the 
massive rock of the core is cut by a box work of healed frac
tures formed by autobrecciation of the nearly solid lava dur
ing the latter stages of movement. 

Pyroclastic deposits 

Primary pyroclastic deposits form a relatively small 
percentage of the main Spectrum dome. A layer of bluish
green breccia I-10m thick forms a widespread horizon at 
or near the base of the Spectrum pile, particularly in the cen
tral part of the complex . It comprises a mixture of pale green 
lenticular, subvitreous, welded fiamme and white, dark 
green and reddish-brown angular clasts of rhyolite. Maxi
mum clast size is about 2 cm and the proportion of lenticular 
and angular material varies widely from place to place. 
Rocks containing mainly lenticular clasts have a pronounced 
fluidal or eutaxitic texture, whereas rocks in which angular 
clasts predominate are matrix-supported, unsorted breccias 
with no apparent internal fabric. In several places these 
green, basal breccias are associated with unwelded air-fall 
pumice. They are believed to have formed as blast deposits 
during the early stages of Spectrum activity when the effu
sion of small lava domes was accompanied by the explosive 
discharge of primary , gas-charged magma. The angular 
clasts are mainly rhyolite and were probably derived from 
the shattered remains of early-formed domes and flows that 
were deposited in and around the active vents. 

Beds of un welded, air-fall pumice from less than 1 m to 
about 2 m thick are present between a few of the rhyolite 
flows in the central part of the range, and more commonly , 
between distal flows along the northern edge of the pile . 
These vary from fine , white ash, through granular pumice 
deposits containing unflattened lapilli to extremely heter
ogeneous deposits of mixed pumice, crystals and lithic frag
ments. The air-fall deposits are commonly overlain and/ or 
underlain by welded ash flows (Fig. 95c). The latter are 
nowhere more than about 5 m thick and are commonly much 
thinner. One densely welded 3 m ash flow comprising 
highly attenuated black vitreous fiamme and small, sparse 
lithic clasts outcrops near the base of the pile where it laps 
against the Armadillo Highlands. Elsewhere, the ash flows 
are only moderately to lightly welded and, like the air-fall 
pumice, their exposure is too random and fragmentary to 
permit correlation . 

Flow mechanics 

How was this great mass of rhyolite and trachyte 
erupted ? Did it issue as enormous surges of lava from vents 
near the centre of the dome and flow outward to its periph
ery , or was each thick cooling unit deposited as incandescent 
particles which fused together to form a semimolten mass 
that later moved only enough to assume flow layering and 
other characteristics of a lava flow? There is evidence that 
both processes were operative, but the first was by far the 
most important. The slopes (up to 15%) on which most of 
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the units rest favours their emplacement as viscous lava 
flows rather than highly mobile incandescent clouds. Simi
larly, the great thickness of the main Spectrum dome com
pared to its relatively small diameter is consistent with the 
structure of a composite lava dome. If a significant amount 
of lava had been erupted as ash flows, their distal ends and 
associated air-fall deposits should have been preserved 
beneath younger basalts north of Raspberry Pass, but there 
is no evidence that Spectrum rocks were ever deposited that 
far north. The vitroclastic layer at the base of many flows, 
though it superficially resembles some primary pyroclastic 
rocks, was probably not deposited by a precursor ash fall 
or ash flow, but rather by incandescent showers of debris 
sloughing off the steep front of the advancing flow. Com
paction and welding of this debris prior to quenching has 
locally imparted a eutaxitic texture similar to that of many 
welded ash flow deposits. Unlike ash flows, however, the 
basal quench breccias have a wide range of both vitric and 
lithic clast sizes , and often a random mixture of both pumice 
and obsidian fragments . 

Although lava flows form most of the main Spectrum 
dome, at least some units originated from piles of semi
molten globules that accumulated around the fountaining 
vents and began to flow under their own weight. These root
less flows are found in the central part of the range where 
they occur as punky, pale green, structureless or crudely 
flow-layered units with numerous irregular voids. In some, 
the faint outline of the highly attenuated original globules 
is still visible. Although the transition zone between the 
proximal and distal ends of these flows was not observed, 
it is reasonable to assume that their fragmental character dis
appears with distance from the vent, and that their middle 
and distal segments are indistinguishable from other flow 
layered lavas in the pile . 

Yeda Peak eruptive centre 

Yeda Peak (7350 ft . ; 2240 m) forms a prominent spire 
at the intersection of three narrow ridges near the centre of 
the Spectrum Range (Fig. 88). Its northeastern face towers 
above the steep headwall of an active cirque in nearly verti
cal cliffs 300 m high. Breccia, which forms the central 
spire, is clearly visible in these cliffs, right down to the level 
of the ice and, although the cliffs themselves are inaccessi
ble, the upper part of the spire can be reached from any of 
the three intersecting ridges. It consists of moderately well 
indurated explosion or vent breccia containing angular to 
subrounded clasts of mainly black, subvitreous porphyritic 
trachyte, some rhyolite, a few basement rocks, and basalt 
from the underlying Nido flows. There is no sorting or 
stratification. Clasts, mainly less than 30 cm across, but 
rarely as much as 2 m, are suspended at random in a matrix 
of loosely packed smaller particles cemented by brownish
yellow, hydrated glass and iron oxides . 

The central spire of breccia is surrounded by an apron 
of talus that obscures its contact with the wall rocks, how
ever, outcrops of trachyte and rhyolite on the ridges, beyond 
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the talus cover, are fractured and bleached. It is obvious that 
hydrothermal alteration affected the wall rock for several 
hundred m around the breccia pipe, as well as altering clasts 
and matrix within the pipe itself. The eruption that produced 
the Yeda Peak breccia pipe must have occurred late in the 
evolution of the main Spectrum dome. It was not, appar
ently, a long-lived vent from which many successive flows 
were erupted. No wedges of pyroclastic rock are inter
layered with the adjacent flows that form the wall rock. 
Instead, the Yeda Peak breccia pipe appears to cut steeply 
across the pre-existing stratigraphy , fracturing the wall 
rocks, and providing a conduit for the circulation of gases 
and hydrothermal solutions (Fig. 93). Its eruption was obvi
ously an explosive event that blasted a crater through the 
central part of the dome and may have been the source of 
crystal-lithic welded ash flows in the upper part of the sec
tion on Artifact Ridge, 10 km to the north. 

Fumarolic alteration 

Fumarolic alteration is not restricted to the Yeda Peak 
breccia pipe and its peripheral zone of fracturing, although 
the hydrothermal system that followed its eruption was 
probably deeper, hotter and longer lived than elsewhere in 
the pile. The posteruptive fumarolic activity in the Yeda 
Peak crater may, in fact, have been due in part to degassing 
of the last remaining magma, trapped in chambers in and 
below the base of the dome. More commonly, hydrothermal 
alteration in the Spectrum composite dome can be related 
to small, relatively short-lived fumaroles, sustained by 
degassing of the lava flows themselves. Bright red, yellow 
and orange patches of altered rock throughout the Spectrum 
Range are commonly confined to fracture zones within a 
single flow. Overlying and underlying flows are seldom 
affected, indicating that most of these small, rootless 
fumaroles were active only during the cooling and degassing 
of the flow in which they occur. Beneath the brightly 
coloured surface of these altered zones, the rock is bleached 
white and veined with a stockwork of silica, iron oxide and, 
in a few places, peppered with finely disseminated pyrite 
and hematite . 

Sub volcanic intrusions and caldera collapse 

A body of lustrous brown, medium- to coarse-grained 
soda granite outcrops at the head of Ball Creek Valley. It 
forms a group of low , glacially rounded rock bluffs along 
the southwestern side of the valley and extends up the east
ern spur of the cirque of Yeda Glacier for at least 200 m 
above the floor of the valley . It is completely isolated from 
the surrounding rocks by snow and ice, but sharp, intrusive 
contacts between soda granite and altered Spectrum rhyolite 
were observed in talus blocks. The rock, which is almost 
entirely feldspar in stout, randomly oriented crystals locally 
coated with iron-manganese oxides, is unlike anything in the 
pre-Tertiary basement. There is little doubt that it originated 
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as a high level intrusion that invaded the lower part of the 
Spectrum pile in the late stages of its evolution, possibly 
during the explosive eruption of the Yeda Peak breccia pipe. 
The intrusion appears to lie along the edge of what may be 
a buried caldera or irregular collapse feature which under
lies the central part of the Spectrum Range (Fig. 93). A short 
distance south of the granite intrusion, Spectrum rhyolite 
rests on the Nido basalt surface at an elevation of 5400 ft . 
(1646 m), whereas outcrops of highly altered Spectrum 
rhyolite are exposed below 5000 ft. (1524 m) in the valley 
bottom east of the granite . Similar, hydrothermally altered 
and locally pyritized rhyolite outcrops in Yeda Creek at least 
213 m below the basal contact of the Spectrum rhyolite at 
the western end of Yagi Ridge. On Stewbomb Creek the 
difference is even greater. There, closely jointed, fresh, 
porous, green rhyolite outcrops down to the valley bottom 
(5000 ft.; 1524 m), more than 366 m below the base of the 
Spectrum pile farther east on the adjacent ridge. On the 
north side of Stewbomb Creek, Spectrum rhyolite is in fault 
contact with Nido basalt. The nearly vertical fault trends 
northwesterly and its southwest side has dropped at least 90 
m. Wall rocks along both sides are hydrothermally altered, 
and basalt on the downthrown side is cut by rhyolite dykes 
that parallel the fault. In each of the above cases, the base 
of the Spectrum pile under the central part of the range 
appears to be depressed relative to its outer margins (Fig. 
93) . Although the evidence is fragmentary because of poor 
exposure, it is reasonable to suppose that the central depres
sion is a buried caldera that collapsed during withdrawal of 
the Spectrum lavas from a high level reservoir (Fig . 89). 
The depression lies within a roughly circular area about 9.6 
km in diameter. If this was the diameter of the magma reser
voir, then removal of the 10 1 km3 of lava that was erupted 
to form the main Spectrum dome could account for at least 
1000 m of vertical caldera collapse. 

Satellitic vents 

The deeply dissected remnants of a small satellitic 
centre of Spectrum activity are exposed on Exile hill about 
11 !an west of Yeda Peak (Fig. 94). The hill itself is an ero
sional remnant of flat-lying Nido basalt flows with an 
aggregate thickness of about 244 m. On the west side, near 
its crest , a spire of platy green trachyte surrounded by brec
cia projects through the basalt. The central spire which has 
prominent vertical flow layering is about 213 m across and 
60 m high. The surrounding breccia consists of rusty, highly 
altered trachyte clasts in a yellowish-brown microbreccia 
matrix . Clasts less than 10 cm across are completely altered, 
while larger ones retain a core of nearly black, vitreous 
trachyte. On the southwest side of the ridge , about ISO m 
below the top of the spire, the breccia is underlain by an 
irregular mass of porous green trachyte with platy, sub
horizontal flow layering . This is underlain by basalt and is 
considered to be part of a small tabular, subvolcanic intru
sion injected laterally from the central conduit into the sur
rounding pile of basalt. 
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Figure 94. Map and cross-section of the Exile Hill eruptive 
centre. Circles depict a gravel layer at the base of the 
Spectrum Formation. 

North of the spire, the crest of Exile hill is capped by 
about 100 m of trachyte flows . They are separated from the 
underlying basalt by a thick layer of gravel composed almost 
entirely of well rounded pebbles and cobbles of Spectrum 
rhyolite and obsidian, presumably derived from the main 
dome to the east. The flows are mainly dark olive green, 
fine grained pantelleritic trachyte with stubby feldspar 
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phenocrysts 1-2 mm across . The central part of each flow 
is either massive or displays only a faint flow layering, 
whereas the lower part is strongly flow banded in shades of 
pale yellow, purple or white. Flows, particularly at the 
southern end of the trachyte cap, are interlayered with 
pyroclastic beds of agglutinated spatter, bombs and blocks 
oflight coloured trachyte, commonly with contorted, fluidal 
banding. 

The amount of lava erupted from the Exile hill centre 
is unknown, nor is it possible to estimate the number of 
other satellitic vents that were active during Spectrum time. 
Remnants of two trachyte flows on Wetalth Ridge and the 
ridge between Ball and Chachani creeks have all the charac
teristics of proximal flows , a thick layer of massive glass 
at the base, a thick massive core and little development of 
flow breccia on either the top or base. Their origin is 
unknown, but it is unlikely that they originated from the cen
tral dome, more than 11 km to the north. They more proba
bly issued from nearby satellitic vents which have since been 
eroded away. 

Kitsu Member 

Erosional remnants of basalt overlie Spectrum rhyolite 
on Yagi and Artifact ridges and similar basalt rests discon
formably on Kounugu basalt south of Kounugu Lake . Each 
of these remnants is underlain by fluvial gravel which 
includes clasts of rhyolite and/ or trachyte , presumably der
ived from the Spectrum composite dome. The source of the 
basalt is unknown. It probably issued from several different 
vents during or shortly after the final stages of Spectrum, 
felsic volcanism. All the basaltic eruptive centres have been 
destroyed by later erosion and the widely scattered remnants 
of distal flows are assigned collectively to the Kitsu Member 
of the Spectrum Formation . 

On the crest of Artifact Ridge four to six thin flows of 
sparsely feldsparphyric Kitsu basalt are interlayered with 
red scoria and may represent a proximal facies. Elsewhere 
the remnants include from one to three columnar flows up 
to 3 m thick, separated by thin layers of flow-top breccia. 
The rock is commonly pale grey, fine grained , slightly por
phyritic basalt with sparse phenocrysts of plagioclase and 
olivine. Megacrysts of pyroxene, up to 2 cm across, and 
small cognate inclusions of coarse grained feldspar and 
pyroxene occur in several outcrops. 

Gravel beneath the Kitsu Member varies greatly in 
thickness, clast size and composition. The remnants on 
Artifact Ridge are underlain by 0.5-1 m thick layers of 
locally derived rhyolite colluvium, whereas the remnants on 
Yagi Ridge rest on up to 8 m of coarse, well rounded rhyo
lite gravel. Gravel under the remnants south of Kounugu 
Lake consist mostly of basement clasts derived from the 
Hankin Massif to the south. 



PETROGRAPHY 
Felsic rocks 

The Spectrum felsic rocks are mostly aphyric or 
microporphyritic with fewer than 10% phenocrysts greater 
than 2 mm across (Table 9) . Porphyritic phases in which 
feldspar phenocrysts up to 5 mm long form 20-25 % of the 
rock are volumetrically small, but are widely distributed 
throughout the pile . Vitreous and partly vitreous rocks (i.e . 
those showing varying degrees of devitrification) , fluidal 
banding and lithophysae are also common (Fig . 95). 

Comenditic glass is colourless to pale brown in thin sec
tion and relatively free of crystallites. It commonly contains 
sparse euhedral microlites « 0.1 mm) of sanidine 
(Or32-35) and bright green sodic hedenbergite (Fig. 95d) . 
The pyroxene occurs as discrete crystals and also as tiny 
prisms that arc partly or wholly enclosed by sanidine. Radi
ating clusters of bladed sanidine crystals (Fig. 95a), form 
spherulites in the same sections as discrete, euhedral micro
lites . They are commonly nucleated around an early-formed 
euhedral crystal of either sanidine or hedenbergite . 
Trachytic and pantelleritic glass differs from the comendite 
in having a higher proportion of crystallites and microlites 
and in the appearance of aenigmatite among the early
formed minerals. 

The holocrystalline rocks , both comendites and pan
tellerites , commonly contain microphenocryst « I mm) 
and rarely phenocrysts (> 1 mm) of sanidine and/ or anor
thoclase (Or30-36) plus hedenbergite (Fig . 96) . Where these 
occur together the pyroxene phenocrysts are euhedral and 
either partly or wholly enclosed by the feldspar. The larger 
feldspars have reacted strongly with the groundmass. Their 
boundaries are rounded and embayed and many are sur
rounded by reaction rims of arfvedsonite and acmitic pyrox
ene which project into the feldspar as slender, bladed 
crystals. Both euhedral and embayed hedenbergite 
phenocrysts may occur in the same rock . Those that show 
signs of resorption are commonly clouded with , or partly 
replaced by , fine granular or skeletal opaque oxides . Many 
of the hedenbergite phenocrysts exhibit prominent zoning, 
manifest in decreasing extinction angles and increasingly 
intense green pigmentation from the core outward, indicat
ing a shift toward more acmitic compositions (Fig. 95b). 

Phenocrystic aenigmatite is less abundant in the Spec
trum rocks than in Armadillo rocks of similar composition . 
Where present it has reacted with the ground mass and been 
largely replaced by opaque oxides. 

Arfvedsonite does not occur as a primary, independent 
phenocrystic phase but relatively large (± 0.5 mm) sub
hedral crystals are associated with clusters of sanidine 
microphenocrysts in both comendites and pantellerites. 
They commonly fill the space between adjacent feldspar 
phenocrysts and a few are partly or wholly enclosed by a 
single feldspar crystal. Many of these larger masses are 
associated with small aenigmatite crystals which are either 
enclosed by, or exhibit euhedral crystal boundaries against, 
the arfvedsonite. 

SPECTRUM FORMATION 

The comendites and pantelJerites differ in the propor
tion , rather than in the composition or paragenetic sequence, 
of the ground mass minerals-the comendites being rela
tively quartz-rich and the pantellerites having relatively 
more femic and opaque minerals. In both rock types the 
ground mass is a framework of ragged, crudely aligned sani
dine laths. The density of this "framework" varies within 
a single section giving way to interstitial "pools" of poiki
litic quartz crowded with tiny rhombs of sodic feldspar at 
least an order of magnitude smaller than the " framework" 
laths themselves. Aenigmatite, arfvedsonite, acmitic pyrox
ene, and kataphorite are also interstitial to the ground mass 
feldspar. They commonly form "mossy" , poikilitic clumps 
but in some pantelJerites both arfvedsonite and sodic heden
bergite form relatively large, ophitic crystals which enclose 
the groundmass feldspars. The latter texture is common to 
the quartz-free pantelleritic trachytes (e .g . specimen 28 in 
Table 10) which are among the Spectrum rocks with the 
lowest silica and highest total alkali contents. 

Vapour phase minerals include tridymite, arfvedsonite, 
bright green aegirine, and rarely analcime, fluorite and 
pyrite. Of these arfvedsonite is by far the most abundant and 
commonly the only mineral lining open voids. It also forms 
euhedral prisms up to 2 mm long in the porous flow layers 
of banded rocks. Such banding, which is very common in 
the Spectrum rocks, is caused by alternating dense , glassy 
layers with porous layers in which microscopic trains of 
voids are surrounded and penetrated by late, vapour phase 
minerals. 

The plutonic phase of the Spectrum Formation is a 
medium grained (2-4 mm) soda granite comprising about 
75% sanidine, 15% quartz and 10% soda-rich femics 
(aenigmatite, acmitic hedenbergite and arfvedsonite). The 
texture is hypidiomorphic granular with clear , unstrained 
quartz interstitial to subhedral crystals of feldspar. The feld
spar (Or40-d is clouded by a "dust" of very fine opaque 
minerals. It is either untwinned or exhibits indistinct, 
extremely fine cross-hatched or patchy polysynthetic twin
ning. The femic minerals are interstitial to the feldspars and 
commonly enclosed by the quartz . Aenigmatite is the only 
femic mineral that occurs as subhedral and rarely as 
euhedral grains. Most of these are mantled by green, acmitic 
hedenbergite and blue pleochroic arfvedsonite. More com
monly the three femic minerals form coarse poikilitic inter
growths with quartz. Probe analyses (Fig. 96; Table 9) 
indicate that the chemistry of the main constituent minerals 
of the soda granite is similar to that of fine grained equiva
lents in the extrusive comendites and pantellerites . 

Kitsu basalt 

Remnants of Kitsu basalt on Artifact and Yagi ridges 
are petrographically similar, very fine grained, alkali oli
vine basalt with 10% euhedral microphenocrysts « 0.5 
mm) of plagioclase and olivine. The groundmass is a 
holocrystalline, granular mosaic of very small clinopyrox
ene, plagioclase and opaque oxide crystals. 
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The Kitsu remnants south of Kounugu Lake are medium 
grained aphyric basalt in which intergranular plagioclase 
and olivine euhedra are partly or wholly enclosed by 
subophitic plates of purplish-brown titanaugite. 

CHEMISTRY 
Felsic rocks 

Sixteen major element analyses of Spectrum felsic 
rocks are plotted on Figures 97 to 99 and five superior ana
lyses are listed in Table to. They range from 62 to 77% 
silica. The Harker diagrams (Fig. 97) show a systematic 
decrease in FeO, Ti02 and Na20 with increasing Si02 
whereas the other oxides are scattered within fairly narrow 

a - Spherulitic comendite. Radiating clusters of aenigma
tite, artvedsonite, acmitic pyroxene and sanidine are sur
rounded by clear areas of quartz. 

c - Partly devitrified comenditic glass in a welded ash flow 
with distinct fluidal layering. 

SPECTRUM FORMATION 

limits . All but three of the felsic samples are peralkaline, 
with an excess of total alkalis over alumina (A .I. > 1) . They 
are further subdivided on the basis of Macdonald's (1974) 
Al20 r FeO classification scheme. On this plot (Fig. 98) the 
Spectrum analyses are widely scattered over the fields of 
comendite, pantellerite and pantelleritic trachyte. 

The three felsic samples with an excess of Al20 3 over 
total alkalies (A.I. < I) are highly siliceous (Si02 74 to 
77 %), leucocratic rocks that may have undergone late stage 
silicification. Relative to iron and magnesia they are among 
the rocks most highly enriched in alkalies as seen on the 
AFM diagram (Fig. 99). Although not strictly peralkaline, 
these highly alkaline (A.I. 0 .7-0.9) rhyolites are chemically 
and mineralogically similar to the suite as a whole. 

\: 
~- .---

" :;:-~ 

" :' 

./ --
b - Porphyritic pantellerite with euhedral microphenocrysts 

of sanidine, pyroxene, and aenigmatite. The pyroxene 
has a hedenbergite core mantled by a green, pleochroic 
rim of more acmitic composition. 

d - Sanidine microlites in clear glass from the base of a 
comendite flow. 

Figure 95. Photomicrographs of Spectrum felsic rocks; scale bar 0.5 mm; plane light. 
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Figure 96. Plot of microprobe analyses of the principal mineral phases in the Spectrum 
rocks. (Amphibole classification after Ernst, 1962). 

Representative chemical analyses of specimens 
from the Spectrum Formation. 

Trachyte Comendite 
Pentelleritic 

trachyte 

Sample 29 26 2887 32 
28 

SiO 75.700 74.900 68.500 69.600 62.400 
AI203 12.100 11.700 13.500 13.400 14.400 
Feb03 1.700 0.600 4.100 2.200 4.700 
Fe 0.0 2.000 2.200 2.400 3.700 

CaO 0.230 0.280 1.000 0.620 1.360 
MgO 0.270 0.170 0.400 0.230 0.320 
Na20 3.000 4.700 6.100 6.100 7.100 
K20 4.870 4.520 4.800 4.990 4.800 

Ti02 0.180 0.170 0.500 0.370 0.640 
P20 5 0.040 0.040 0.020 0.050 0.100 
MnO 0.050 0.140 0.110 0.200 

S 0.070 0.070 0.0 0.080 0.080 
NiO 0.0 0.0 0.0 0.0 0.010 
H2O 0.900 0.100 0.600 0.200 0.400 
CO2 0.0 0.0 0.0 0.0 0.0 

Total 99.060 99.300 101.860 100.350 100.210 
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On the alkali-silica diagram (Fig . 98) the analyses of 
felsic, Spectrum rocks display the same abrupt decrease in 
total alkali content with increasing Si02 that characterizes 
the felsic members of the Armadillo Formation. In both 
suites the plot is fairly linear, it includes both alkaline and 
peralkaline rocks, and it intercepts the alkaline-subalkaline 
field boundary of Irvine and Baragar (1971) at about 68 % 
silica. The slope of this line suggests that the apparent 
decrease in alkalies is not due entirely to a constant sum 
effect. More probably it is due to some process of alkali 
depletion, particularly Na depletion, in rocks with more 
than ± 68 % Si02. The separation of a hydrous or vapour 
phase may have selectively removed Na with respect to 
Si02 in these siliceous end members. The operation of such 
a process during posteruptive cooling has been suggested by 
Macdonald (1974, p. 514) to explain lower Na20 in crys
talline as compared to glassy rocks. However, the Na20 
content of three Spectrum obsidians (Fig. 98) is intermedi
ate to the range covered by crystalline rocks, suggesting that 
pre-eruptive partitioning of Na20 may also have been oper
ative. 

Kitsu basalt 

Six analyses of Kitsu basalt plot in or near the alkali oli
vine basalt field of the Irvine and Baragar (1971) classifica
tion and are chemically indistinguishable from the 
underlying Kounugu basalts (Fig . 98). 



PYRAMID FORMATION 

GENERAL GEOLOGY 
Introduction 

R hyolite and trachyte flows, domes and thick piles 
of primary pyroclastic breccia erupted during the 

Pyramid stage are exposed in prominent , light-coloured 
cliffs and narrow-crested ridges along the deeply dissected 
eastern flank of Mount Edziza . Basalt flows , believed to be 
coeval with the early stages of felsic activity, are included 
in the Pyramid Formation . They are defined by the presence 
of an underlying felsic pyroclastic member which has been 
recognized only in the immt::diate vicinity of the two north
ern felsic domes. The basalts are probably more widespread 
than shown on the map but, in the absence of a basal marker 
horizon, they could not be separated with confidence from 
the underlying Nido basalt. 

Except for Pyramid dome itself, which was neither 
covered by younger lavas , nor greatly modified by erosion, 
the original form and extent of the Pyramid pile has .been 
virtually obliterated . Pyramid dome and a few erosIOnal 
remnants of flows and breccia are all that remain of the 
proximal facies. The di stal facies , com~rising air-f~1I 
pumice, lahars, and glacial fluvial gravels IS preserved . In 
thin discontinuous, usually recessive units interlayered wIth 
basalt flows in the canyons of Cook and Tenchen creeks. 
Both the proximal and distal units are underlain by Nido 
basalt and either overlain or surrounded by Ice Mountain 
flows. Those parts of the Pyramid pile that lay beyond, or 
projected above the level flooded by Ice Mountain lavas , 
have been mostly covered by younger flows of the Edziza 
or Big Raven formations. 

Despite its limited preservation, the Pyramid pile dis
plays sufficient internal variation to permit a reasonable 
reconstruction of its original form (Fig. 100). The source 
of the basal pyroclastic member and the basalt is not known 
but the main felsic flows and domes appear to have issued 
from three separate centres: The Pyramid, Sphinx dome and 
Pharaoh dome . The Pyramid is an endogenous dome, at the 
northern end of the area underlain by Pyramid Formation. 
It was emplaced and partly eroded before the eruption of 
Sphinx dome which overlaps its western flank. Pharoah 
dome at the south end of the Pyramid pile, is not in contact 
with The Pyramid . However , it is believed to be approxi
mately coeval with, or slightly younger than, Sphinx and 
thus younger than The Pyramid. The Sphinx and Pharaoh 
piles are separated by an intervening region in which gl~
cial fluvial and lacustrine deposits accumulated . ThiS 
mat~rial is derived mostly from the adjacent domes but it 
includes glacial deposits that originated beyond the reg!on 
underl ain by Pyramid Formation. Glacial-Iacustnne 

PYRAMID FORMATION 

deposits on the north flank of the Pharaoh pile are believed 
to have accumulated in a transient body of water, Tut lake, 
which was ponded behind Sphinx dome. 

Basal pyroclastic member 

South and east of The Pyramid, in sections facing Cook 
Creek and Kakiddi Creek the uppermost, highly porphyritic 
basalt of the Nido Formation is overlain by up to 10m of 
locally derived fluvial gravel and poorly sorted colluvium. 
This is overlain by a rusty-brown clast-supported pyroclas
tic unit up to 3 m thick containing trachytic pumice, lithic 
clasts and crystals of alkali feldspar and sodic pyroxene in 
a moderately indurated granular matrix (Fig. 101). Over 
80 % of the clasts are porous green trachytic pumice contain
ing sparse euhedral pyroxene crystals. They are 
undeformed, subrounded and commonly less than 2 cm 
across. Lithic clasts are mostly vesicular basalt but include 
a small percentage of trachyte and dense, nonvesicular 
basalt. All of the lithic clasts exhibit some evidence of abra
sion and the larger ones are subangular to subrounded. The 
matrix is a fine , sand-sized mixture of pumice, lithic grains 
and broken crystals cemented by iron oxides. There is no 
welding. 

The deposit has a crude planar fabric defined by laye~s 
relatively rich and relatively poor in lithic clasts. There IS 
no systematic grading or other evidence of water reworking, 
but the lower 2-3 m are slightly finer grained and contain 
fewer lithic clasts than the upper part. Most of the lithic 
clasts are only slightly larger than the pumice (1-5 cm) but 
a few blocks up to 30 cm across are present near the top . 

The basal pyroclastic member is believed to be a surge 
deposit , formed during a precursor, vent-clearing eruption 
that preceded eruption of the main Pyramid domes. 

Basalt member 

The basal trachytic surge deposit is overlain by up to 
65 m of basalt flows. The contact between the lower basalt 
and the top of the surge deposit is remarkably sharp (Fig. 
102). There is no evidence of any modification of the sur
face by wind or water prior to burial, indicating that the 
explosive, surge event was followed ?lmos~ immedi.ately by 
the effusion of basalt. The basalt sectIOn (Fig . 103) Includes 
from 6 to 10 cooling units each from 3-20 m thick. The 
thicker flows have well developed colonnades of stout 
reddish-brown weathering columns that extend through 
most of the flow and are overlain by a relatively thin blocky 
entablature and flow-top breccia . The upper 3 or 4 flows are 
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Figure 101. Surge deposit at the base of the Pyramid suc
cession. GSC 125 605. 

Figure 102. Contact between the top of the basal surge 
deposit and over/ying basalt flows of the lower Pyramid For
mation. GSC 125 606. 
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aphyric whereas those in the lower part of the pile contain 
about 20 %, randomly oriented phenocrysts of plagioclase 
1-10 mm long and about 5 % olivine and pyroxene in crystals 
up to 3 mm across. 

The basalt section includes at least one layer of fluvial 
gravel from 2-3 m thick. Its position within the pile varies 
slightly from place to place but the morphology and compo
sition is fairly uniform. Well rounded boulders up to 0.5 m 
across are randomly mixed with less mature , subangular 
boulders in a sparse pebbly or coarse sandy matrix (Fig. 
104). Most of the clasts are locally derived basalt , but a few 
well rounded cobbles of Bowser, chert-pebble conglomerate 
(Upper Jurassic) and Mesozoic granitic rock are also pres
ent. The latter must have been transported at least 20 km 
from a source in the Armadillo Highlands . 

The presence of channelling, the paucity of fines and 
the large size of the transported boulders are evidence of 
deposition in a high energy environment. It is probably a 
lag gravel deposited by a rapidly flowing alpine river that 
was repeatedly displaced from its course by successive 
basalt flows. The mixed load of rounded and subangular 
material suggests that it may be of glacial-fluvial origin. The 
presence of till at the base of the Pyramid succession farther 
south, on Idiji Ridge, is consistent with the continued pres
ence of ice in and around the Armadillo Highlands at the 
onset of Pyramid activity. 

The deposition of this gravel within the basalt succes
sion does not imply a long period of erosion . In fact there 
is no evidence that the flows themselves were modified at 
all between successive eruptions. The entire episode of 
basaltic activity, including the deposition of lag gravel , 
could have been completed in a few tens of years. 

The Pyramid 

The Pyramid is a prominent conical dome that rises 
above the gently sloping interfluve between Cook and 
Pyramid creeks (Fig. 105). It is about 366 m high and 
slightly more than 1 km across at its base. Except for well 
developed concentric and inward dipping joint sets , the 
dome exhibits no internal structure. The rock is an 
extremely uniform , coarsely and abundantly porphyritic 
trachyte with up to 50 % stout, euhedral alkali feldspar 
phenocrysts from 0.5-2 cm across in a white , aphanitic 
matrix peppered with tiny clots of opaque oxides. The 
phenocrysts are randomly oriented and the matrix exhibits 
no layering or banding. In a few places a brown outer rind 
of rusty, altered , but texturally identical trachyte is plastered 
against the outer surface of the dome . These zones are from 
one to a few metres thick and have prominent, closely 
spaced joints parallel to the surface. They do not appear to 
be a weathering phenomenon and are believed to be rem
nants of the original outer, oxidized portion of the dome. 

The Pyramid is completely isolated from adjacent rocks 
by a thick apron of active talus (Fig. 106). However, clasts 
derived from it appear in gravel lenses between the Nido and 
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Figure 104. Pyramid basalt flow resting on coarse fluvial 
gravel deposit. GSC 202468-X. 

Figure 105. The Pyramid, an endogenous dome of coarsely 
porphyritic trachyte of the Pyramid Formation. GSC 
202468-Y. 
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Ice Peak basalts in Cook Creek valley, and also in thick 
gravel deposits beneath the prominent flow of Edziza For
mation trachyte that caps the escarpment on the north side 
of Pyramid Creek. Similar, but less mature gravels, consist
ing wholly of sub rounded clasts of coarsely porphyritic 
Pyramid trachyte, underlie the basal Sphinx dome rhyolite 
at the head of Pyramid Creek. These poorly rounded gravels 
are less than 1 krn from the base of The Pyramid and do 
not imply that a long period of erosion separated eruption 
of The Pyramid and the onset of Sphinx activity. However, 
they clearly establish the relative age of the two piles. 

Sphinx dome 

The eastern side of Sphinx dome is exposed on the 
northeast flank of Mount Edziza, between Cook and 
Pyramid creeks. Its western half is buried beneath younger, 
Edziza trachyte and most of its southern edge has been 
removed by headward erosion of Cook Creek. The basal 
contact is exposed for about 1.5 km along the steep northern 
side of Cook Creek valley where the rhyolite rests on a 
nearly flat surface which dips a few degrees toward the east 
and is conformable with the underlying basalt. There, the 
basal surface is about 6000 ft. (1829 m) in elevation, 
whereas 3 krn farther north, in the head of Pyramid Creek, 
the rhyolite, with steep northeast dipping flow layering, 
extends down to an elevation of 5600 ft. (1707 m), indicat
ing that Sphinx dome was built on a moderately dissected 
surface cut into the underlying basalt. The thin eastern edge 
of Sphinx dome wedges out between this surface and overly
ing remnants of younger, Ice Peak basalt which covered the 
dome up to an elevation of about 6300 ft. (1920 m). The 
central part, which projected above the level flooded by Ice 
Mountain basalt, was slightly modified by erosion and then 
partly overridden by trachyte flows during the subsequent 
construction of the main edifice of Mount Edziza. The most 
westerly, and highest exposure of Sphinx dome rhyolite is 
overlain by Edziza trachyte at an elevation of 7500 ft. 
(2286 m) and two thick remnants of Edziza trachyte flows 
cling to its steep northern and southern slopes. These flows, 
which extend from above 7500 ft. (2286 m) down to about 
6500 ft. (1980 m) must have occupied steep, radial valleys cut 
into the flanks of the Sphinx rhyolite dome. 

The basal contact between Sphinx dome and underlying 
basalt is commonly obscured by an apron of talus shed from 
the closely jointed rhyolite. A layer of basaltic gravel is 
exposed at the base of the dome in a few places along the 
north side of Cook Creek, and at the head of Pyramid Creek 
the rhyolite rests on a thick mat of colluvium or fossil talus 
composed entirely of sub rounded clasts of porphyritic 
trachyte derived from erosion of The Pyramid. The lower 
3-9 m of Sphinx dome consist of glass which is commonly 
flow layered with prominent, ribbon-like layers of black 
obsidian separated by narrow trains of tiny white, pale pink 
and green spherulites. Well developed fractures parallel to 
the flow have given the outcrops a flaggy, bedded appear
ance. On flat surfaces, such as the contact along Cook 
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Figure 107. Planar flow layering in obsidian at the base of 
Sphinx dome comendite. GSC 202468-Z. 

Figure 108. Complexly contorted flow folds in interlayered 
vitreous and crystalline comendite in the lower part of Sphinx 
dome. GSC 125607. 



Creek, the flow layering is almost planar, with individual 
layers having a continuity of several metres (Fig. 107). In 
contrast, the glass at the base of the steeply inclined rhyolite 
in Pyramid Creek is highly contorted, with intricate recum
bent folds, overturned in the direction of flow . Near the top 
of the vitreous layer , thin bulbous and vitreous lenses of 
black or greenish-grey glass are folded into the adjacent 
rhyolite (Fig. 108) . In this transition zone, the glass is com
monly best developed in the crests of flow folds . 

No coherent glass layers occur within the main body of 
the dome. The rhyolite for several tens of metres above the 
basal obsidian is prominently flow layered, with an intricate 
subparallel filigree of small interlocking spherulitic layers 
or fine laminar flow layering. Many of the flow layered 
rocks display flow folds overturned in the direction of flow. 
The crests of the folds and crenulations impart a prominent 
transverse lineation to the surface of individual flow layers, 
and small tensional gash fractures form a regular pattern of 
open "chattermarks" at an angle to the lineation. Individual 
gash fractures vary from less than 1 mm to about 1 cm 
across and are up to 3 cm long. They appear to have formed 
during the final stages of flow when the nearly solid magma 
responded to continued strain by incipient fracturing as well 
as plastic flow. In some of them the viscous lava has pulled 
away from enclosed phenocrysts, revealing small, trans
verse acicular crystals of arfvedsonite, aligned parallel with 
the lineation. 

The main mass of Sphinx dome is a fine grained, intri
cately layered , light grey or green, nonporphyritic rhyolite, 
locally with patchy, vapour phase mottling. The upper 
50-100 m of spheroidal rock have undergone intense vapour 
phase alteration which has bleached it white. In this zone 
lenticular voids lined with amethyst and other secondary 
minerals are aligned along prominently developed flow 
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layers . Locally the original outer surface of the dome has 
survived erosion. It comprises a zone of autobreccia several 
metres thick in which angular, cognate inclusions of flow 
layered rhyolite are surrounded by a granular aggregate of 
altered rhyolite and pumice particles and a fluidal-banded, 
devitrified glass. 

At its centre Sphinx dome is at least 550 m thick, yet 
there is little evidence to indicate that it is a composite pile, 
formed by eruption of successive pulses of lava . On the con
trary, the absence of internal glass or breccia layers, as well 
as the progressive, uninterrupted change in vapour phase 
alteration throughout its entire thickness, suggest that it was 
built in a single pulse of activity. It probably issued as an 
endogenous dome of relatively viscous magma which 
welled out into a bulbous mass above its vent, expanding 
laterally under its own weight. The absence of associated 
pyroclastic deposits suggests that the eruption was not 
accompanied by any significant explosive activity. 

Pharaoh dome 

Rocks believed to be remnants of Pharoah dome are 
exposed in isolated remnants along the eastern flank of the 
Edziza Complex from Tennaya Creek south to Cartoona 
Ridge (Fig. 100). They are separated from Sphinx and 
Pyramid domes by an interval of almost 5 km in which Ice 
Mountain flows rest either directly on the underlying Nido 
basalt, or are separated from it by discontinuous lenses of 
glacial-fluvial gravel, some of which contain rhyolite and 
obsidian clasts derived from Sphinx dome . 

Each of the four principal remnants of the Pharaoh pile 
is characterized by a unique set of stratigraphic and struc
tural relationships (Fig. 103, 109). On Nido Ridge the entire 
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Figure 109. Schematic cross-section showing the relationship of the three Pyramid Formation domes to 
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122 m section consists of bedded rhyolitic breccia, ash and 
volcaniclastic sediments deposited in Tut lake. Similar 
fragmental rocks on Idiji Ridge are overlain by nearly 60 m 
of rhyolite lava and, still farther south , on Sorcery Ridge, 
the clastic facies is missing and more than 150 m of rhyolite 
lava rests directly on the eroded surface of Nido basalt at 
an elevation of 6000 ft . (1829 m). At the extreme southern 
edge of the pile, at the head of Shaman Creek, a lobe of 
rhyolite, only 2-3 m thick at its distal end, rests on Nido 
basalt at an elevation of 6500 ft. (1981 m). The Pharaoh pile 
was thus deposited on an erosion surface of considerable 
relief. 

The Pharaoh stratigraphy does not appear to extend to 
the western end of either Nido or Idiji ridges. The precise 
relationship is obscured by extensive talus cover in the 
upper part of these valleys, but isolated outcrops of basalt 
west of, and at the same elevation as flat-lying Pharaoh 
rhyolite on the eastern part of the ridges, indicate that the 
western edge of the Pharaoh pile is truncated by a steep 
north-trending contact. The possibility of a fault cannot be 
ruled out, but it seems more likely that this part of the Phar
aoh pile was deposited in a deeply incised northerly-flowing 
river valley cut into the old basalt surface. The eastern side 
of this old valley has been stripped away, along with the 
main edifice of Pharoah dome itself, but its eastern side is 
still partly preserved and forms the steep western edge of 
the Pharoah dome pile. 

Glass is extensively developed at the base of the 
Pharoah dome lava flows. On Idiji Ridge where the rhyolite 
overlies related volcaniclastic deposits, a 1-3 m thick layer 
of massive, bright , clear, nonporphyritic obsidian has 
formed along the base. Similarly , a layer of massive, 
unfractured obsidian underlies the relatively thin distal lobe 
at the head of Shaman Creek. Unlike the glass on Idiji 
Ridge, it has a dull, resinous lustre and contains a few small 
( < 1%, ± 1 mm) feldspar crystals. In contrast, the glass 
which is 1-3 m thick at the base of the Sorcery Ridge section, 
is flow layered, having regular 1-10 cm vitreous layers 
separated by shear surfaces along which spherulites have 
formed . It is underlain by up to 0 .3 m of fine, sand-size, 
poorly indurated , granular black glass, and overlain by a 
transition zone in which contorted layers of glass are 
infolded with spherulitic rhyolite . 

A relatively small section of rhyolite, exposed by recent 
retreat of ice from the steep east-facing headwall of Tencho 
Glacier, is believed to be close to a vent. There, the base 
of the pile is a 3-4 m thick mat of highly welded pumice con
taining a few lithic clasts of rhyolite. It is overlain by 2-3 
m of frothy , agglutinated spatter comprising a welded mass 
of pumice, lithic clasts and lenticules of glass. The latter is 
commonly brown , devitrified and highly oxidized in its 
lower part, but becomes less altered upward. Although this 
zone has a pronounced eutaxitic texture, it lacks many of 
the features characteristic of ash flows observed elsewhere 
in the Edziza Complex. It grades upward into a flow brec
cia, and was probably formed by spalling of incandescent 
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scale and oxidized debris from the front o(the advancing 
flow. The flow breccia itself is up to 10 m thick and contains 
angular chunks of rhyolite with complexly contorted flow 
layers. Within this zone, grey, green and black obsidian 
form contorted layers and lenses, both within and between 
the breccia fragments . 

The main mass of Pharoah dome, like that of Sphinx, 
is fine grained to aphanitic, white, greenish-grey to purple 
flow layered rhyolite . Locally, it displays a prominent 
vapour phase mottling which imparts a characteristic "leop
ard skin" pattern to the surface. Near the top of the pile, 
the rock has been almost completely reconstituted to a pure 
white, spherulitic mosaic of secondary minerals. Lenticu
lar, open spaces along the flow layers in this altered phase 
are lined with vapour phase minerals, including amethyst, 
fluorite, and hematite . 

The upper surface of the Pharoah dome lava is 
preserved beneath Ice Peak basalt on both Idiji and Sorcery 
ridges. It forms a 2-3 m thick layer of breccia containing 
bits of glass and clasts of rhyolite, commonly with red alter
ation rinds in a reddish-brown, frothy matrix of devitrified 
glass and pumiceous debris. On Sorcery Ridge, this breccia 
is overlain directly by Ice Mountain trachyte , whereas on 
Idiji Ridge, 2 m of unconsolidated pumice intervene 
between the breccia and the overlying basalt. A few thin 
lenses of gravel , containing small rhyolitic pebbles in a red 
earthy matrix, are present on top of the Pharoah dome rhyo
lite. However, there is no evidence that the dome suffered 
extensive erosion prior to being covered by Ice Peak flows. 
Also, Pharoah dome lava lacks any evidence of internal 
structures that might indicate successive eruptions of several 
flows. Like Sphinx and The Pyramid, it appears to be the 
product of a single rapid effusion of rhyolite, probably as 
an endogenous dome. But, unlike the other centres, the 
Pharoah dome eruption was both preceded and followed by 
bursts of explosive activity that produced showers of air-fall 
pumice and minor ash flows. 

Figure 110. Looking northeast at Nido Ridge. Bedded 
lacustrine tuff, deposited in Tut lake, forms the light coloured 
recessive unit resting on Nido basalt flows near the centre of 
the ridge. GSC 202469-A. 



T ut lake volcaniclastic deposits 

The northern edge of Pharaoh rhyolite dome is under
lain by a wedge of poorly consolidated clastic material 
which thickens toward the north (Fig. 103) . On Idiji Ridge 
the clastic member is about 60 m thick and is overlain by 
an equal thickness of rhyolite. Six kilometres farther north, 
on Nido Ridge, the rhyolite has wedged out and the clastic 
member is almost 122 m thick (Fig. 110). It forms smooth , 
recessive slopes which lie close to the angle of repose and 
are mostly covered by a thin veneer of loose debris. Where 
torrents have cut through these surficial deposits the under
lying clastic rocks are seen to have fairly distinct horizontal 
bedding and a large range of clast sizes. 

PYRAMID FORMATION 

A basal layer of fine, bedded pumice is overlain by 
alternately coarse and fine textured beds. The coarse beds 
are felsic tuff-breccia with angular to subrounded blocks of 
flow layered vitreous and pisolitic rhyolite in a loosely 
aggregated matrix of small clasts and pumice. The blocks 
are mostly less than 5 cm across but a few much larger 
clasts, up to 30 cm across, are randomly distributed 
throughout the section. Some of the clasts , which have 
intensely contorted, concentric layers of glass and spheru
litic rhyolite, appear to be quenched globules. The glass 
layers are consistently from 0.5-2 cm thick. They are uni
formly segmented by curved transverse fracture surfaces 
which give them a crackled appearance, resembling broken 
safety glass. Disaggregation of this crackled glass has 

Table 11. Representative microprobe analyses and structural data for the principal 
mineral phases in felsic rocks of the Pyramid Formation. 

Feldspar Pyroxene Olivine 

Phenocryst Phenocryst Phenocryst 

PF1 PF2 PF3 PP1 P01 

SiO 61.27 58.74 66.48 49.58 31.53 
AI263 23.40 26.59 19.08 0.76 0.0 
TiO 0.0 0.0 0.0 0.32 0.01 
Cri)3 0.0 0.0 0.0 0.0 0.0 
Fe&03 0.18 0.27 0.16 1.61 0.0 
Fe 0.0 0.0 0.0 21 .36 59.85 
MnO 0.0 0.0 0.0 0.68 2.32 
MgO 0.0 0.0 0.0 5.56 6.44 
NiO 0.0 0.0 0.0 0.0 0.0 
CaO 5.27 8.51 0.61 20.19 0.21 
NaC? 7.78 6.44 5.17 0.37 0.0 
K2 1.24 0.71 8.55 0.01 0.0 
H2O 0.0 0.0 0.0 0.0 0.0 
F 0.0 0.0 0.0 0.0 0.0 

Total 99.14 101 .26 100.05 100.44 100.36 

No. of ions on 
basis of 8 (0) No. of ions on basis of 6 (0) No. of ions on basis of 4 (0) 

Si 2.7523 2.6019 2.9880 Si 1.9632 Si 1.0096 
AI 1.2388 1.3881 1.0107 AI 0.0355 AI 0.0 
Cr 0.0 0.0 0.0 Ti 0.0013 Cr 0.0 
Fe3 + 0.0061 0.0090 0.0054 Fe 0.0 Fe3 + 0.0 

Cr 0.0 

AI 0.0 0.0 0.0 AI 0.0 AI 0.0 
Cr 0.0 0.0 0.0 Ti 0.0082 Cr 0.0 
Ti 0.0 0.0 0.0 Fe3 + 0.0480 Ti 0.0002 
Fe3 + 0.0 0.0 0.0 Cr 0.0 Fe3 + 0.0 
Ni 0.0 0.0 0.0 Ni 0.0 Ni 0.0 
Fe2+ 0.0 0.0 0.0 Fe2 + 0.7073 Fe2 + 1.6027 
Mn 0.0 0.0 0.0 Mn 0.0228 Mn 0.0629 
Mg 0.0 0.0 0.0 Mg 0.3282 Mg 0.3074 

Ca 0.8566 
Na 0.0284 
K ' 0.0005 

Ca 0.2536 0.4039 0.0294 Ca 0.0072 
Na 0.6776 0.5531 0.4505 Na 0.0 
K 0.0711 0.0401 0.4902 K 0.0 
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released small, faceted, black granules of obsidian which 
appear throughout the entire volcaniclastic section . 
Interbedded with the coarse tuff-breccia are sections up to 
several metres thick of fine grained bedded pumice, devitri
fied scale and white sandy layers containing tiny pebbles of 
rhyolite. These fine grained units commonly display size 
sorting and grading, and include thin beds composed wholly 
or partly of black faceted obsidian granules which have been 
redeposited in 1- IO cm thick beds . 

On Nido and Idiji ridges the volcaniclastic unit is under
lain by up to 15 m of unsorted polymict gravel consisting 
mainly of basaltic clasts, but including chert pebble con
glomerate and gritstone from the underlying, Jurassic, 
Bowser Group and pebbles of obsidian similar to those in 
the overlying pyroclastic deposits. The clasts, most of which 

a - Glassy comendite containing spherulitic clusters of feld
spar, pyroxene and aenigmatite crystals and discrete 
microphenocrysts of ferrohedenbergite (plane light). 

c - Comenditic trachyte. Euhedral phenocryst of anor
thoclase in a groundmass of alkali feldspar, sodic pyrox
ene, arfvedsonite, and opaque oxides (crossed 
polarizers). 

PYRAMID FORMATION 

are well rounded, are suspended in a clay-rich silty matrix, 
but locally exhibit crude stratification and are believed to be 
a mixture of tills, proximal glacial outwash, and glacial 
lacustrine deposits. They rest either directly on Nido basalt 
or on an older till that contains no obsidian but has numerous 
large feldspar crystals derived from the uppermost flows 
and tephra of the underlying Beta peak basalt (Fig. 103). 
The thick section of rhyolite on Sorcery Ridge is underlain 
by 2-2.5 m of fluvial , polymict gravel with comparatively 
well sorted basalt and basement clasts from which most of 
the fine matrix has been winnowed away. In contrast, the 
distal lobe of rhyolite, at the head of Shaman Creek, is 
underlain by an unreworked, residual deposit of basaltic 
tephra and coarse feldspar crystals, typical of the upper part 
of the Beta Peak pile . 

b - Holocrystalline comendite. Radiating clusters of alkali 
feldspar arfvedsonite and aenigmatite project into areas 
of clear quartz (crossed polarizers). 

d - Alkali feldspar phenocryst in trachyte from Pyramid 
dome. Sodic andesine core is surrounded by a thick rim 
of sanidine. Groundmass of alkali feldspar, opaque 
oxides and ferrosalite (crossed polarizers). 

Figure 112. Photomicrographs of Pyramid felsic rocks; scale bar 0.5 mm. 
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The volcaniclastic rocks of the Pyramid Formation are 
believed to be lacustrine. The body of water in which they 
accumulated, Tut lake (Fig . 100, 109, Ill), may have been 
generated by the melting of glacier ice around the lava dome 
and the resulting lake contained by the surrounding ice 
itself. The presence of till and glacial-fluvial deposits 
beneath the lacustrine unit are evidence that ice was present 
shortly before, if not during , the volcanic activity. How
ever, the absence of both lacustrine and glacial deposits 
either in or below the Sphinx dome pile suggests that the 
ice cover was not regional. A more probable explanation for 
the origin of Tut lake is the damming of a northerly flowing 
stream by Sphinx lava . Prior to Pyramid activity this stream 
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Figure 113. End-member plots showing compositions of 
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occupied a deeply incised valley which headed in the ice
covered Armadillo Highlands. A distributary valley glacier 
may have occupied its upper reaches and generated the 
mixed glacial-fluvial deposits now exposed at the base of the 
Nido and Idiji Ridge sections. Farther north, a base load of 
mature river gravel was deposited on bars which were later 
covered by the precursor basaltic flows surrounding The 
Pyramid and now exposed in Cook Creek. The formation 
of a lava dam began with the basaltic flows and culminated 
with the eruption of Sphinx rhyolite, forming a barrier 
behind which Tut lake was ultimately raised to an elevation 
of at least 6500 ft. (1980 m). The lake was probably filled 
and water had begun to encroach on glacier ice in the head 
of the valley before the onset of Pharoah dome activity. 

The eruption of Pharoah dome rhyolite near the south
ern end ofTut lake first produced the chaotic, proximal tuff
breccias exposed on Idiji Ridge and the distal, bedded tuffs 
which accumulated from finer grained debris that settled 
into deeper water in the central part of the lake, near what 
is now Nido Ridge. As the dome expanded, its northern 
edge overlapped the early-formed tuff-breccia, progres
sively raising the level of the lake and displacing its southern 
margin northward. The transport of debris into Tut lake was 
probably accomplished mainly through subaqueous slides, 
sloughed from unstable clastic wedges built out from the 
advancing lava front. Also, it seems likely that debris
covered glaciers surrounding parts of the lake may have 
calved into the rising water, releasing icebergs from which 
large drop-stones were added to the deep central part of the 
Jake. 

PYRAMID FORMATION 

The absence of glacial or fluvial deposits beneath the 
rhyolite flow on the south side of Pharoah dome suggests 
that the surface on which it rests may still have been ice 
covered during the time that outwash and lacustrine deposits 
were accumulating farther north. 

PETROGRAPHY 
Basalt at the base of the Pyramid Formation is 

petrographically similar to that of the underlying Nido. 
Most of the flows are microporphyritic, containing from 10 
to 20 % small « 2 mm) plagioclase phenocrysts (AnSO-70) 
and rare microphenocrysts of strongly zoned titanaugite in 
a matrix of anhedral plagioclase laths, granular olivine, 
titanaugite and opaque oxides. Interstitial glass, where pres
ent, has been devitrified and in part replaced by carbonate. 
Plagioclase microphenocrysts arc mostly cuhedral, with 
clear unzoned cores and sharply defined, strongly zoned 
margins. However, the Pyramid basalt also contains 
microphenocrysts and rare larger phenocrysts (2-5 mm) that 
have reacted with the groundmass and are characterized by 
embayed margins and fritted cores. 

Coarsely porphyritic trachyte containing up to 50 % 
(1-2 cm) alkali feldspar phenocrysts is unique to Py:-amid 
dome. The smaller phenocrysts have cores of relatively 
unzoned anorthoclase with prominent crosshatched twin
ning and relatively thick outer rims of sanidine. Larger crys
tals have small cores of sodic andesine (Abs8 An37 Ors) or 
oligoclase (Ab68 An2S Or7) overgrown by thick mantles of 

Table 12_ Representative chemical analyses of specimens 
from the Pyramid Formation. 

Comendite Pantelierite 

Sample 13 25 95 98 

Si02 73.700 74.200 73.600 73.200 
AI20 3 12.600 12.800 9.700 10.100 
Fe203 0.900 0.700 1.500 4.300 
FeO 1.400 1.600 3.700 1.500 

CaO 0.300 0.310 0.310 0.290 
MgO 0.320 0.160 0.260 0.300 

Nat? 5.200 5.500 5.300 3.900 
K2 4.520 4.600 4.420 4.520 

Ti02 0.140 0.140 0.380 0.400 
P20 5 0.020 0.030 0.050 0.040 
MnO 0.030 0.040 0.100 0.090 

S 0.070 0.110 0.070 0.060 
NiO 0.010 

COO 
H2 0.100 0.200 0.500 1.300 

Total 99.310 100.390 99.890 100.000 
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anorthoclase or sanidine (Ab46 An4 Orsl) (Fig. 112d). The 
feldspars occur singly as euhedral crystals and in clusters 
of interpenetrating crystals. They show no evidence ofreac
tion with the groundmass of small, randomly oriented alkali 
feldspars and finely disseminated opaque oxides (Fig. 
112c). Mafic constituents include small « 0.5 mm) crystals 
of fayalite (Fa8s) and rare microphenocrysts of pale green 
ferrosalite (Fs38 Enl7 Wo4S). The latter are partly resorbed 
and surrounded by reaction rims of finely disseminated 
opaque oxides. Tiny clots (:5 0.5 mm) of similar finely dis
seminated opaque oxide, which are scattered uniformly 
throughout the matrix, appear to be pseudomorphic after 
pyroxene, probably early-formed ferrosalite or ferroaugite 
that reacted completely with the residual melt. 
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Figure 116. AFM and Ab'-An-Or plots of nine analyses from 
the Pyramid Formation. (A = Na20 + KjJ; F = FeO + 0.8998 
Fe20 3 ; M=MgO; Ab'=Ab+5/3Ne). 
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The comendite of Sphinx and Pharaoh domes and 
associated flows is similar petrographically to the Spectrum 
comendite. Glassy varieties commonly display complex 
fluidal folding on a scale of a few millimetres. Most of the 
comenditic obsidians contain tiny (±0.5 mm) sparse crys
tals and crystal clusters of pale green euhedral hedenbergite 
which clearly crystallized prior to eruption. Posteruption 
nucleation of feldspar is manifest as tiny spherulitic clusters 
of radiating alkali feldspar crystals (Fig. lI2a). These are 
commonly entrained along flow layers which are deflected 
around the spherulites. The holocrystalline comendites, like 
those of the Armadillo and Spectrum formations comprise 
closely packed spherulitic clusters of alkali feldspar, arfved
sonite and aenigmatite, and interstitial "pools" of clear 
quartz containing tiny euhedral rhombs of alkali feldspar 
(Fig. 112b). Microphenocrysts of arfvedsonite are locally 
abundant as 1-3 mm euhedral prisms, and sparse euhedra 
of sodic hedenbergite and sanidine are widely distributed . 
Vapour phase minerals lining open cavities, particularly in 
the Sphinx dome comendite, include amethyst quartz, 
fluorite, acmitic pyroxene, arfvedsonite and analcime. 



Pantellerites from Pharoah dome are texturally and 
mineralogically similar to the comendites but have a higher 
modal proportion of femic minerals . Phenocrystic aenigma
tite is present in some of the pantelleritic glass. 

Microprobe analyses of representative minerals are 
listed in Table 11 and plotted on Figure 113. 

CHEMISTRY 
Major element analyses of Pyramid rocks are plotted on 

Figures 114 to 117 and four superior analyses are listed in 
Table 12. Porphyritic trachyte (A.1. 0.73) of The Pyramid 
is a nearly pure feldspar rock which plots near the alkali 
corner of the AFM diagram (Fig. 116) and slightly above 

PYRAMID FORMATION 

the alkaline-subalkaline boundary of the total alkalis vs . sil
ica diagram (Fig. 115). The remaining rocks are peralkaline 
(A.I. 1.03 to 1.39) and include both comendites and pan
tellerites (Fig . 117). The two relatively iron-rich pan
tellerites, one glass and one crystalline rock, are from a 
distal flow lobe on the southern edge of the Pyramid pile. 
The five analyzed comendites, two obsidians and three crys
talline rocks from the central part of the pile, plot within a 
very small field on both the AFM and Al20 3 vs. FeO dia
grams (Figs . 116 and 117) . 

The Pyramid rocks do not display any systematic chem
ical variation between end members. Instead, plots of the 
trachytes, comendites and pantellerites form three chemi
cally discrete populations on the variation diagrams and sup
port the field evidence for several separate pulses of 
Pyramid activity . 

143 





ICE PEAK FORMATION 

GENERAL GEOLOGY 
Introduction 

M ost of the lava erupted during Ice Peak activity 
issued from vents near the summit of Ice volcano, 

a once symmetrical composite cone that lay about 5 km 
south of the peak of Mount Edziza (Fig . 118, Map 1623A, 
in pocket). The present broad, snow-covered ridge of Ice 
Peak is an erosional remnant etched from the eastern rim 
of the old summit crater. Its western flank is now completely 
covered by glaciers, but on the eastern side the internal 
structure of the volcano is exposed in the steep headwalls 
and narrow rock spurs of four active cirques at the head of 
Tennaya Creek (Fig . 119). Remnants of the eastern flank 
are preserved in pie-shaped, gently sloping interfluves 
between Tennaya, Nido and Tenchen creeks and distal flows 
on the western side form prominent escarpments around the 
upper rims of most of the canyons cut into the old plateau 
surface. The southern edge of the Ice Peak pile laps out 
against the Armadillo Formation and the slope of Gamma 
peak, whereas the northern flank is completely buried 
beneath the younger edifice of Mount Edziza. 

The Ice Peak pile is divided into two principal assem
blages, a lower assemblage of thin, very uniform basalt 
flows containing small, sparse phenocrysts of feldspar and 
pyroxene, and an upper, highly variable assemblage which 
includes trachyte, basalt and a variety of intermediate rocks . 
The lower basalt sequence forms most of the distal part of 
the pile, whereas the high, central edifice consists almost 
entirely of trachyte and intermediate rocks of the upper 
assemblage. 

Two composite basaltic volcanoes , Cache Hill and 
Camp Hill rest on the old plateau surface southwest of the 
main Ice Peak pile (Fig. 118). Their moderately dissected 
central cones and small surrounding shields are believed to 
be approximately coeval with Ice volcano and they are 
included in the Ice Peak Formation . 

Pre-Ice Peak surface 

The central edifice ofIce volcano was superimposed on 
the southern part of the Pyramid pile. Pharoah dome and the 
clastic deposits ofTut lake were completely buried , whereas 
farther north, Sphinx dome and The Pyramid rose above the 
level flooded and northerly flowing streams of lava were 
diverted around them , covering only their lower flanks (Fig. 
118). Flows descending the eastern and western sides of Ice 
volcano spread far beyond the limits of the Pyramid pile , 
across the old surface of Nido basalt and locally onto pre
Tertiary basement rocks beyond the edge of the eroded 
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shield. Wherever the base of the Ice Mountain succession 
is exposed, it is separated from the underlying rock by a 
layer of fluvial or glacial deposits. Beneath proximal flows, 
in the high source region, they are relatively thin, com
monly consisting of only a few metres of slightly reworked 
Pyramid rhyolite. At the western end of Sorcery Ridge, for 
example, the basal Ice Peak flows rest on less than a 0.3 m 
of pebbly colluvium, derived entirely from the surrounding 
rhyolite flows. Similarly , a thin layer of redeposited 
pumice, locally containing lenses of rhyolite and basalt 
boulders and pebbles, separates Ice Peak flows from 
Pyramid rhyolite on the western end of Idiji and Nido 
ridges. Farther east, on each of these ridges , the Pyramid 
pile wedges out and the Ice Peak flows rest on either rem
nants of Nido basalt or directly on pre-Tertiary basement. 
They are underlain by relatively thick fluvial, and glacial
fluvial deposits comprising closely packed pebbles and 
boulders of basalt in a silty or sandy matrix. In some 
exposures, the basal deposits have a till-like aspect with 
unsorted, randomly oriented boulders suspended in a fine, 
silty matrix. In addition to basaltic clasts, derived from the 
underlying Nido basalt, both the fluvial and glacial deposits 
include a small percentage of chert-pebble conglomerate 
and banded rhyolite clasts, both from the Armadillo High
lands to the south, and obsidian granules and bits of pumice 
from the Pyramid pile to the west. At the extreme eastern 
end of Nanook Ridge , the Ice Peak flows appear to have 
entered a steep, easterly sloping valley cut into pre-Tertiary 
basement rocks. There, the basal flows are underlain by up 
to 120 m of old colluvium . Polymict fluvial gravels of 
basalt, chert pebble conglomerate, and a variety of pre
Tertiary crystalline rocks form the lower 15-18 m. They are 
overlain by a chaotic breccia of unsorted , angular to suban
gular basaltic blocks, scoria and a few rounded, fluvial boul
ders surrounded by a sparse matrix of silt and ash. It was 
probably deposited by a debris flow or lahar initiated by the 
early Ice Peak activity and channelled into the same valleys 
that were later occupied by the early Ice Peak flows . 

Material beneath the distal flows on the western side of 
the Ice Peak pile appears to be almost wholly of glacial or 
glacial-fluvial origin. Most exposures are 1-3 m thick and 
the clasts are mainly basaltic, plus a small percentage of well 
rounded cobbles derived from crystalline basement rocks to 
the west , and a few granules of Pyramid obsidian . Some 
exposures are clearly tills, in which unsorted boulders up 
to 1 m across are randomly suspended in a silty clay matrix. 
Others show evidence of varying degrees of reworking, the 
fines have been winnowed away leaving a sparse sandy 
matrix. In some exposures, the gravel itself has been sorted, 
shingled or redistributed into clearly defined channel 
deposits. Faceted and striated boulders are present in both 
the tills and the glacial-fluvial gravels. 
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Figure 118. Paleogeological map and cross-section showing the inferred maximum extent of the Ice Peak 
Formation at the end of Ice Peak time. Stratigraphic sections are shown in Figure 120. 



Lower assemblage 

The lower Ice Peak assemblage (Fig. 120) includes two 
distinct lava types: feldspathic intermediate lava of very 
limited extent and plagioclase-pyroxene basalt, which forms 
most of the Ice Peak pile. 

The intermediate lavas are mostly tristanite but include 
closely related trachybasalt and mugearite. They are con
fined to the eastern end of Nanook Ridge where they form 
a series of thick flows at the base of the Ice Peak succession. 
These overlap the edge of the underlying Nido basalt and 
occupy old, easterly-sloping valleys cut into the pre
Tertiary basement. Individual flows vary from 9 m to more 
than 45 m thick. They weather to a deep russet-brown sur
face and their widely spaced, rectangular joint sets are 
accentuated by mechanical weathering which has produced 
large spheroidal surfaces. The massive, cliff-forming flows 
are separated by thin, discontinuous layers of granular flow
top breccia. They have a composite thickness of about 
150 m. 

The distinction between tristanite, trachybasalt and 
mugearite is based on minor chemical differences that are 
not apparent in the field. Beneath a thick, brown, 
weathering-rind the fresh rock is medium grey and contains 
50 to more than 80 % plagioclase in stout, equant, randomly 
oriented crystals 5-10 mm across. The rock breaks along the 
cleavage and crystal boundaries of the closely packed feld
spars to give it a distinctive, intricately faceted fracture sur
face. 

Although intermediate lavas form the basal group of 
flows on the eastern end of Nanook Ridge, they may not 
have been the first material erupted. Similar flows were not 
recognized in sections farther west, and presumably closer 
to their source, but a few relatively thin flows of mugearite 

Figure 119. View looking west at the summit area of Ice 
Peak. Pyroclastic breccia and proximal flows of trachyte are 
exposed in the active cirques at the head of Tennaya Creek. 
GSC 125608. 

ICE PEAK FORMATION 

occur near the top of the lower assemblage on Nido Ridge. 
Thus, intermediate lavas may have been erupted at several 
times during the Ice Peak stage or alternatively, the Nido 
and Nanook Ridge mugearite may represent proximal and 
distal portions of the same flow system, the thick Nanook 
Ridge section having been ponded in depressions beyond the 
edge of the growing composite cone of Ice volcano. 

Basalt, which forms most of the lower Ice Peak assem
blage, is part of an asymmetrical shield which was built 
around the central vent area. Its southern edge lapped out 
against rising terrane about 5 km from the vent, but its 
gently sloping surface extended for at least 16 km in every 
other direction. Over this entire area the flows are extremely 
uniform except for minor variations in phenocryst content. 
Medium to dark lustrous grey aphyric basalt is present in 
a few places, particularly at or near the base of thc proximal 
part of the pile. More commonly, the rock contains from 
2 to 5 % phenocrysts of plagioclase in tabular crystals up to 
1 cm long and a scattering of black pyroxene in tiny euhedral 
crystals. The plagioclase phenocrysts are ubiquitous and 
help to distinguish Ice Peak basalt from the older, ophitic 
basalt of Nido and Raspberry formations. A few flows con
tain significantly more plagioclase phenocrysts but rarely 
show any increase in the content or size of pyroxene. These 
are commonly associated with a succession of related flows 
in which there is a progressive upward increase in 
plagioclase phenocryst content. The uppermost flow in each 
of these sequences is commonly thicker than those erupted 
earlier in the cycle and may contain up to 15% plagioclase 
crystals. Both plagioclase and pyroxene also occur locally 
as crystal aggregates as well as large isolated megacrysts. 
The aggregates occur as small rounded or elliptical inclu
sions from only a few grains up to clusters 5-10 cm across 
in which clear glassy plagioclase and black pyroxene and 
pale yellowish-green olivine form a mosaic of randomly 
oriented cumulate crystals. Megacrysts of clear glassy 
plagioclase in tabular crystals up to 3 cm long and black 
pyroxene in stout prismatic crystals up to 2 cm long are 
commonly present in the same flows that contain cumulate 
inclusions. 

The basalt flows are relatively thin, usually less than 3 
m. They have fairly well developed, thin columns which 
weather to a dark, chocolate-brown spheroidal surface. In 
the proximal parts of the pile the flows are separated by beds 
of loosely aggregated, ropy scoria and spatter from 1-2 m 
thick. In contrast to the uniform reddish brown of older 
scoria layers, the Ice Peak material is commonly jet black 
with streaks and patches of bright orange and yellow, or 
in some places, the entire scoria layer and adjacent joint 
surfaces are stained with a pale bluish-grey sublimate. Open 
vesicles, lined with iridescent iron-manganese oxides and 
opal, or partly filled with aragonite, are present in the up
per one-half to one-third of most flows, and slender pipe 
vesicles are commonly developed perpendicular to the flow 
base. In some flows iron-manganese oxides occur as irregu
lar fracture fillings, and locally colloform oxide masses oc
cur as a cement in the porous scoria. 
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The vents from which the lower Ice Peak basalt issued 
have not been identified, but the geometry of the pile, as 
well as the distribution of pyroclastic facies, suggest that the 
principal source lay near the head of Tennaya Creek. The 
elevation of both the top and bottom ofthe lower assemblage 
is greatest in that area and flows slope gradually away from 
it in all directions . Also, beds of fine tephra, some more than 
30 m thick, are exposed in remnants close to the head of 
the valley and presumably near the eastern edge of a foun
taining vent. These thin out and disappear about 1 krn far
ther east, suggesting that fire fountaining was more or less 
confined to the vicinity of the central vent. Layers of tephra, 
including bombs and agglutinated spatter, are interbedded 
with the flows on Nanook Ridge and on the east end of Nido 
Ridge at the extreme northeast and east exposures of the 
pile. These are of limited extent and were probably 
deposited from small, short-lived satellitic vents. No similar 
deposits were found elsewhere in the distal parts of the 
shield. 

Ice-contact deposits 

Sideromelane tuff-breccia and pillow lava are exten
sively developed on the northeast flank of the Ice Peak pile. 
They are exposed on both Nido and Nanook ridges where 
up to 78 m of water-contact deposits lie within the lower Ice 
Peak basaltic assemblage. The zone dips east at a slightly 
lower angle than the pre-Ice Peak surface, thus the more 
westerly exposures rest directly on the pre-Ice Peak surface 
at elevations of about 6000 ft. (180 m), whereas the more 
easterly sections are underlain by older flows of subaerial 
Ice Peak basalt (Fig. 121). In both places the base of the 
waterlain succession is underlain by a gravel or till layer 
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containing clasts of rhyolite and chert pebble conglomerate 
derived from the Armadillo Highlands. The tuff-breccia 
comprises a chaotic mixture of large and small quenched 
basaltic clasts, flow tongues and detached globules of basalt 
with intricate splays, rosettes and sinuous sheaves of slender 
columns. The quenched rinds of clasts, as well as the entire 
fine, granular matrix surrounding them, consist of 
yellowish-brown sideromelane. Dense, black, unhydrated 
basaltic glass commonly forms a 2-10 mm thick layer 
between the sideromelane and dark grey basalt in the cores 
of the larger clasts and globules. Fragments of broken pil
lows are present in many of the tuff-breccias. They are 
characteristically wedge-shaped and have only one 
quenched surface. Also, stacks of unbroken, tubular pillows 
up to 30 m thick are locally interlayered with the tuff
breccia . Individual pillows are commonly several metres 
long and about 0.5 m across. They dip east at angles of 
10-20°, much more steeply than the zone as a whole. In a 
few places well bedded tuff composed entirely of siderome
lane granules exhibits crossbedding, channelling and slump 
structures. 

The water-contact zones span an elevation difference of 
nearly 1000 ft. (300 m), from 6600 ft. (2015 m) in the west 
to less than 5700 ft. (1740 m) in the east, yet its thickness 
is everywhere close to 60 m. This precludes its origin in a 
large lake, nor does the shape of Ice volcano and the sur
rounding terrane provide any mechanism for ponding a sin
gle body of water 300 m deep on the upper slopes of the 
cone. More likely, the pillows and tuff-breccia formed 
where easterly advancing flows contacted glacial ice resting 
on the sloping flanks of the cone. Their development on the 
northeast slope of the cone is consistent with the preferential 
accumulation of ice and cirque formation on the relatively 
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Figure 121. Cross-section showing the relationship of subaerial and subaqueous facies in the 
northeastern part of the Ice Peak pile. Section projected onto an east-west plane through Nanook Ridge. 
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shaded northeast slopes of present-day mountains. How
ever, the presence of clasts derived from the Armadillo 
Highlands at the base of the subaqueous lava pile suggests 
that the ice originated beyond the limits of Ice Peak itself. 
Moreover, the subaqueous deposits are locally underlain by 
earlier subaerial flows that appear to be part of the Ice Peak 
succession . Thus , the advance of glacial ice onto the eastern 
flanks of the ancestral Ice Peak shield must have occurred 
during a fairly lengthy period of dormancy. When activity 
resumed, the northeast flank of Ice Peak was shrouded in 
ice and, as the central cone was enlarged , the lava 
encroached on the surrounding glacier ice. The subaqueous 
deposits probably formed in a relatively narrow trough of 
water thawed along the contact between the ice and the lava. 
With each successive flow , the ice front was displaced 
progressively farther down the slope (Fig. 122) . Subaque
ous deposits formed by the preceding flows were exposed 
above the level of the new meltwater lake and buried by the 
advancing lava. In this way a roughly tabular, moderately 
inclined deposit of subaqueous tuff-breccia was deposited in 
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Figure 122. Series of schematic cross-sections showing 
the development of the subaqueous facies at the expense of 
alpine glaciers on the eastern side of Ice volcano. 
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successive increments along the easterly migrating contact 
between the growing edifice of Ice volcano and the retreat
ing glacier ice on its eastern flank . The thickness of the 
subaqueous deposits was thus controlled by the thickness of 
ice behind which water was imponded , and they are uni
formly about 60 m thick regardless of elevation. The suba
queous deposits have, in effect , replaced the space occupied 
by glacier ice prior to eruption of the final lavas of the lower 
Ice Peak assemblage. 

Upper assemblage 

The upper Ice Peak assemblage includes a highly varied 
succession of lavas and pyroclastic deposits which range 
from porphyritic, alkali-olivine basalt through trachybasalt, 
tristanite, mugearite, and benmoreite to trachyte. The 
different rock types do not exhibit any systematic, spatial 
or temporal relationships, instead each type occurs more or 
less at random throughout the pile; in many sections the 
extreme compositional end members form alternating flows 
(Fig. 120). The more highly evolved trachytes are most 
abundant in the proximal facies but all of the rock types 
occur in both the central composite cone and in thin distal 
flows that have spread many kilometres from their source. 

Central cone and proximal deposits 

The crescent-shaped summit ridge of Ice Peak (Fig. 
119) is a remnant of the western rim of Ice volcano . It forms 
the margin of a great amphitheatre at the head of Tennaya 
Valley which mimics the original form of the western half 
of its summit crater and exposes the thick proximal flows 
and pyroclastic deposits of the composite cone in a series 
of steep, active cirques. The eastern half of the central cone 
has been completely removed by erosion, and Tennaya 
Creek has cut through the base of the pile and deeply into 
the underlying basement. 

Flows exposed in the summit area are highly irregular, 
up to 90 m thick, and intimately mixed with equally thick 
deposits of pyroclastic breccia and epiclastic fill. The over
all dips are gently away from the old crater, toward the west, 
southwest and northwest, but individual cooling units rest 
on initial slopes of up to 30° . Flows, several hundred metres 
thick, wedge out against piles of pyroclastic breccia and are 
overlapped by adjacent flows to form a series of en echelon 
lenses of lava surrounded by breccia (Fig . 123) . These 
lenses are the cross-sections of proximal flows that spilled 
over the crater rim and occupied radial gullies on the surface 
of the original cone. The intermixed breccia contains 
bombs, blocks and fine tephra. Most of it is a completely 
random mixture that ranges from ash up to angular blocks 
3 m across, but locally thick pockets of fine , white , green 
or yellow ash or beds of fine red cinders are preserved 
beneath the flows. The proximal flows include about equal 
volumes of highly porphyritic basalt, mugearite and slightly 
porphyritic trachybasalt, and a smaller volume of trachyte . 



Figure 123. Thick trachyte flows and pyroclastic breccia in 
the summit area of Ice Peak. The lenticular, proximal flows 
were deposited in radial gullies on the surface of Ice volcano. 
GSC 125609. 

Figure 124. Looking west at the rock spur on the north side 
of Idiji Glacier. Prominent light coloured band is bedded, 
lacustrine tuff and epiclastic debris deposited in the summit 
crater of Ice volcano during an intermediate stage of its 
development. GSC 125 610. 
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The basalt is a medium to dark grey, massive, structureless 
rock which forms bold, spheroidal weathering cliffs . It has 
a characteristic knobby fractured surface and tends to break 
into small spherical chunks a few centimetres across . These 
litter the ledges of the steep upper slopes like loose marbles, 
making climbing extremely hazardous. The rock contains 
up to 25 % plagioclase phenocrysts in thin, randomly 
oriented tabular crystals 1-2 cm across and up to 5 % black 
pyroxene in stout prismatic crystals, most less than I cm 
long. Pale, yellowish-green olivine mayor may not be pres
ent as a minor phenocrystic mineral. The trachybasalt and 
tristanite are characterized by a pale, greenish-grey colour 
and conspicuous flaggy cleavage caused by alignment of 
platy minerals, particularly feldspar, in well developed flow 
Jayers. As in the basalt, plagioclase, pyroxene and rarely 
olivine are present as phenocrysts, but they are much 
smaller and less abundant, rarely forming more than 5 % of 
the rock. Trachyte occurs in the central edifice of Ice vol
cano as both extrusive and intrusive phases . It is either non
porphyritic or contains a small percentage of clear, tabular 
feldspar crystals less than 1 cm long . The flows are com
monly thick, up to 90 m, pale green or greenish grey with 
long smooth columns and flaggy flow cleavage. Most are 
underlain by a light coloured pyroclastic breccia or ash 
layer. The flows themselves usually change from a dense, 
dark to medium greenish-grey flaggy aspect at the base to 
progressively lighter coloured and more porous rock toward 
the top. The upper 2-3 m of the very thick flows are punky 
and porous, without flow cleavage or any obvious orienta
tion of feldspar plates. 

In addition to flows and primary pyroclastic breccias, 
the proximal facies includes a variety of clastic deposits 
which are believed to have accumulated within the summit 
crater (Fig. 124). Well stratified deposits of ashy clay and 
silt containing poorly rounded to angular cobbles and peb
bles of Ice Peak lava form prominent white recessive bands 
on several rock spurs at the head of Icefall Creek. They 
occur at several levels within the pile and are believed to 
be lacustrine deposits formed in a lake that periodically 
occupied the summit crater. In addition, some of the coarse 
breccias in the vent area contain large, loosely aggregated 
blocks of interlayered lava and tephra as well as lenses and 
chunks of fine, bedded material which shows evidence of 
reworking and redeposition in running water. It is probable 
that some of these breccias are epiclastic fill that slumped 
into the crater from its unstable, oversteepened inner walls. 
Small normal faults are also exposed in the summit area. 
Many of these bound slump blocks which slid on the gla
cially oversteepened slopes during erosion of the extinct 
cone, but others show evidence of intense hydrothermal 
alteration of rock adjacent to the fault plane. The latter must 
have formed while the volcano was still active and served 
as channel ways for the escape of fumarolic gases or hot 
fluids. The largest of these faults is exposed on the rock spur 
bounding the south side of Tennaya glacier. Thick, flat
lying flows and interbedded lacustrine deposits on the east
ern end of the spur have dropped about 60 m along a steep 
east-dipping normal fault. 
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Subvolcanic intrusions 

Dykes, sills and irregular intrusions are prominently 
exposed in the dissected eastern face of the Ice Peak com
posite cone . They include all of the principal rock types 
found as lavas in the upper Ice Peak assemblage and range 
in size from dykes only a few centimetres across to tabular 
intrusive bodies more than 1.5 km long and 120-150 m 
thick. 

Light green trachyte forms the most conspicuous intru
sive bodies in the predominantly dark , rusty-weathering Ice 
Peak pile . The trachyte dykes are commonly large, usually 
more than 2 m thick, with sharp planar contacts. Several 
such dykes form prominent erosional ribs that can be traced 
for nearly 0 .5 km. All of these are subvertical, nearly 
straight, and have a crudely radial distribution with respect 
to the central vent. Flow cleavage, which is so prominently 
developed in the trachyte flows, is present to a lesser degree 
in the dykes, particularly near the margins. Small tabular 
feldspars lie in the foliation planes, parallel with the dyke 
walls, and a layer of green fractured glass is invariably 
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developed along contacts. These chilled selvages vary from 
only a few centimetres to as much as 0.3 m thick, their size 
being apparently independent of the thickness of the dyke . 

Sills and irregular intrusive masses of similar green 
trachyte are also abundant in the central part of the Ice Peak 
pile . On Nido Ridge an irregular sill-like body of green, 
flaggy trachyte nearly 0.5 km long and up to 60 m thick lies 
along the contact between Nido basalt and rhyolitic tuff
breccia of the Pyramid, Tut lake, succession (Fig. 125) . At 
both its western and eastern ends, the trachyte body cuts up 
through the tuff-breccia and intersects the crest of the ridge . 
It appears to have been injected laterally into the weak, 
poorly indurated Tut lake tuff-breccia. Both the upper and 
lower contacts have 5-15 cm chilled selvages of green glass 
containing angular inclusions of rhyolite . Adjacent to this 
the tuff-breccia has been partly fused to a brown, subvitre
ous rock which retains its original fragmental texture . 

A small neck or plug dome of similar green, strongly 
foliated trachyte is exposed in the northern headwall of Idiji 
Cirque. The main body of the dome is about 90 m across. 
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It cuts vertically through flat-lying porphyritic basalt flows, 
till, and pyroclastic rocks near the base of the upper Ice Peak 
succession and spreads out laterally in the form of a 
mushroom . The vertical contacts of the central plug, as well 
as the base of the upper dome, are quenched to a 0.5-1 m 
thick layer of banded and contorted black obsidian. Flow 
layers in the central plug are in the form of a steep concen
tric arch whereas those along its margins swing out horizon
tally to conform with the base of the upper dome (Fig. 126). 
A radial system of transverse fractures has formed normal 
to the lower contact where it flattens out at the junction 
between the central plug and the upper dome. The upper 
contact of the central plug is obscured by talus from several 
hundred metres of overlying vent breccia comprising angu
lar randomly oriented blocks of both basalt and trachyte . 
This same horizon , believed to be an explosion breccia, 
appears to be intruded by the western edge of the upper 
dome which is itself brecciated around its outer margins . 
The explosion breccia was probably formed during a series 
of violent explosions from a small vent within the central 
Ice volcano crater. The plug dome itself formed by subse
quent injection of viscous trachyte magma into the vent and 
laterally into the base of the overlying breccia. 

A large mass of pale green trachyte with pronounced 
subvertical flow cleavage outcrops on the south side of Idiji 
Ridge, opposite the small plug dome described above. The 
similar lithology and vertical internal structure in both of 
these exposures suggest that they are part of the same large 
intrusive body. Unfortunately, the exposures on the south 
side of the ridge are isolated by talus and colluvium. Thus, 
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Figure 126. Sketch of sub volcanic intrusion of Ice Peak 
trachyte exposed in cross-section on the southern spur of Idiji 
Cirque. 
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no contacts were observed and the possibility remains that 
it may be younger than the Ice Peak rocks , either an over
steepened flow or a dissected neck related to Kakiddi 
trachyte which occurs as flow remnants farther down Sor
cery Valley. Because the Edziza trachyte is commonly dar
ker, coarser grained and has prominent sub horizontal 
flow-layering, the vertically layered trachyte is considered 
to be part of an Ice Peak subvolcanic intrusive body. 

Dykes of trachybasaJt and porphyritic basalt are 
grouped in randomly oriented swarms throughout the cen
tral Ice Peak edifice. They are smaller and more irregular 
than the trachyte dykes and do not have glassy selvages . In 
several exposures these dykes can be traced upward into 
thick flows that were fed by magma moving through the 
dyke system. Such dykes commonly flare out and merge 
with the base of the flow without any evidence of cutting 
it (Fig. 127). 

The largest subvolcanic body related to Ice Peak vol
cano is a medium- to coarse-grained diabase (Fig. 125) . It 
is crudely tabular, at least 120 m thick, and exposed for a 
distance of about 1.5 km along the northwestern headwall 
of Tennaya Valley . The lower few metres , exposed at only 
one place, have crude columnar jointing and rest on a layer 
of green altered tuff which could be part of either the Ice 
Peak or Pyramid succession. The upper contact is appar
ently conformable with overlying, gently east-dipping basalt 
flows of the lower Ice Peak succession. It is sharp and dis
plays no clear evidence of either crosscutting relationships 
or an intervening erosion surface. The body is continuously 
exposed in steep cliffs throughout its entire thickness and 
shows no evidence of internal quench layers or breccia 

Figure 127. Dyke of Ice Peak trachyte cutting lacustrine 
deposit on the east flank of Ice Peak. Dyke is a near surface 
feeder which flares out and merges with the overlying 
trachyte flow without cutting it. Note figure on snow for scale. 
GSC 202469-8. 
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zones. Instead, it appears to be a single cooling unit, either 
a thick lava lake, ponded in the central Ice Peak crater or, 
more probably, a tabular intrusive body . 

The texture of the diabase varies systematically from 
top to bottom. The lower few metres , in which columnar 
jointing is developed , are fine- to medium-grained por
phyritic basalt with sparse phenocrysts of feldspar, pyrox
ene and olivine. The clear, glassy feldspar phenocrysts are 
rarely more than I cm across, whereas stout prismatic 
phenocrysts of black pyroxene are commonly 2-3 cm long. 
Pale yellow olivine occurs as rare phenocrysts up to 5 mm 
across. In addition the lower part of the unit contains ellipti
cal nodules of loosely aggregated feldspar, pyroxene and 
olivine crystals. The absence of either nodules or 
phenocrysts in the central part of the body suggests that they 
settled into the lower part while the magma was still fluid. 
The basalt becomes coarser grained upward, and within 50 
m of the base it has a uniform, medium grained, nonpor
phyritic diabasic texture . The central part of the mass is a 
medium to coarse equigranular rock resembling gabbro 
(Fig. 133f) . Locally it contains segregation veins and 
irregular masses , up to 2 m long , comprising a porous inter
locking mosaic of clear feldspar crystals coated with and 
partly surrounded by iron oxides. 

The diabase body is separated by talus from Pyramid, 
Tut lake rhyolite tuff-breccia on the eastern part of the 
Ridge, but both appear to occupy the same stratigraphic 
interval. If the green tuff underlying the diabase is part of 
the Tut lake rhyolite succession, then at least 90 m of the 
rhyolite has been displaced by the intrusion. Because the 
basaltic flows overlying both the diabase and the rhyolite lie 
along a fairly uniform east sloping gradient, space for the 
intrusion must have been provided by foundering of its 
floor. On this basis a fault is assumed to separate the eastern 
end of the intrusion from undisturbed Tut lake deposits far
ther east (Fig. 125). 

Satellitic centres 

The neck 

A circular neck of trachyte about 300 m in diameter 
forms a prominent 215 m high buttress on Sorcery Ridge 
(Fig. 128) . It consists of two parts: an outer cylinder made 
up of concentric shells from 2.5-3.5 m thick of fine grained 
foliated trachyte and an inner core of vertical, closely 
stacked planar or gently curved tabular bodies of similar, 
but coarse grained trachyte. A centripetal arrangement of 
horizontal columns, normal to the cylinder walls, is well 
developed in each of the outer shells, and similar, but larger 
and less regular, columns are developed normal to the verti
cal walls of tabular bodies within the core. It is surrounded 
by loosely agglutinated basaltic tephra, forming the lower 
part of the old Beta peak cone of Nido age. 

The internal structure of the neck suggests that succes
sive eruptions were separated by periods of time of suffi
cient duration to allow cooling of magma within the conduit. 
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Each of the outer shells and each of the tabular core bodies 
has developed its own distinct tier of columns, separated 
from the next tier by a 15 cm to 0.5 m zone of structureless, 
greenish-grey, porous rock. Columns in the outermost tier 
maintain their identity for up to 1.5 m into the altered and 
sintered pyroclastic deposits that enclose the neck. Thus the 
contact zone between lavas of the neck and pyroclastic 
deposits of the flanking cone can be observed in a single, 
horizontal column. At the centre of the outer lava shell, the 
rock is fine grained, dark grey trachyte with a few 
phenocrysts of clear tabular feldspar aligned in planes of 
pronounced vertical, flow-foliation. About 3 m from the 
outer contact the rock becomes streaked and banded, paral
lel with the foliation. Still closer to the contact the colour 
changes from dark grey to greenish grey and finally to silv
ery grey. The lighter the colour the more porous and platy 
the rock. In the contact zone itself this green platy rock is 
brecciated and the fragments welded into a matrix of similar 
green, altered trachyte. Also, within the contact zone clasts 
of normal, dark trachyte are surrounded by porous green 
reaction rims . Near the outer end of the columns the rock 
is a loosely welded mass of green and black fragments which 
grades outward into progressively less welded pyroclastic 
debris of the old cone. 

The tabular, dyke-like bodies within the core are dark 
grey, lustrous , coarse grained trachyte . Unlike the distinctly 
flow-foliated trachyte of the outer shells, the core rocks 
exhibit no obvious fabric. Stout , prismatic and tabular crys
tals of plagioclase, which form most of the phenocrysts, are 
either random or show only slight vertical alignment. 

A K-Ar date of 1.6 ± 0.2 Ma on trachyte from the neck 
compares with dates of 1.5 ± 0.4 and 1.5 ± 0.1 Ma on simi
lar trachyte from massive flows in the upper part of the Ice 

Figure 128. Looking south at Sorcery Ridge and the neck, 
a vertical cylinder of trachyte eroded from the conduit of a 
satellitic vent on the southeastern flank of Ice volcano. GSC 
202469-C. 



Peak edifice (Fig. 129) . On the basis of this date the neck 
is believed to be a major conduit for lava that issued from 
a satellitic vent on the southeast flank of Ice volcano. How
ever, the possibility that it was the source of much younger, 
Kakiddi, flows in Tennaya and Sorcery Creek valleys can
not be discounted until additional age determinations are 
done. 

Ornostay and Koosick centres 

Near the head of Sezill Creek, where the steep, western 
slope of Ice Peak merges with the surrounding shield, two 
thick lobes of trachyte project onto the plateau. Their source 
is concealed beneath the central ice cap but the flows form 
prominent westerly sloping bluffs bounded by cliffs that rise 
60-90 m above the plateau surface. Koosick, the more 
southerly bluff, is nearly 2 krn long and more than I km 
wide. Its nearly flat surface slopes west from an elevation 
of 6600 to 6200 ft . (2010 to 1890 m)-an average gradient 
of about 5 %. The entire mass appears to be a single cool ing 
unit of dense, flaggy, dark green, flow layered trachyte with 
large diameter columns extending through most of the entire 
90 m high bounding escarpment. The uppermost 9 or 12 m 
are unjointed, pale green, porous trachyte which lacks the 
characteristic platy flow layering and may be either com
pletely structureless, or display complex, fluidal banding. 
The base of the Koosick flow is concealed by talus and its 
source lies beneath the summit ice cap. A bulge in the ice 
surface I Ian east of the bluff, at the 7000 ft. (2135 m) level, 
may be a plug dome or cone in the vent area . 

Ornostay Bluff is smaller than Koosick but it is similar 
in composition and morphology. Its source is also concealed 
under the summit ice cap but part of a tephra cone is exposed 
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in nearby nunataks and beneath the southern edge of the 
flow. It consists of fine, lapilli-sized pumice, glassy trachyte 
and rock fragments in a poorly indurated matrix of brown 
altered ash and iron oxide cement. The tephra is well bed
ded, with a westerly dip of only 8°. It is clearly waterlain, 
locally with good crossbedding and scouring . Also, some 
layers are polymictic, containing rounded cobbles and peb
bles derived from older basaltic flows and basement rocks. 
The deposits are believed to be the distal edge of a tuff ring, 
built during the early stages of Ornostay activity when Ice 
volcano was covered by an ice field slightly larger than the 
present ice cap. The presence of 30 or 60 m of ice would 
account for the waterlain deposits of mixed primary tephra, 
old colluvium and glacially transported cobbles. Ice pond
ing would also account for the extremely thick, steep-sided 
morphology of the Ornostay and Koosick flow lobes . A K
Ar date of 1.5 ± 0.4 Ma on Ornostay trachyte suggests that 
it was one of the final Ice Peak eruptions. Thus, the glacial 
advance that culminated in later Pillow Ridge time may 
already have started before the Ornostay and Koosick erup
tions . 

Distal flows 

With the exception of trachyte and pantellerite all of the 
lava types found in the central edifice of Ice Peak occur as 
thin cap flows in the most distal parts of the surrounding 
shield . On the northeast flank of the central cone many of 
the flows are interlayered with wedges of fine trachyte 
tephra or basaltic cinders. On Nanook Ridge, for example, 
a prominent 45 m thick recessive unit of trachyte pumice 
thins eastward and disappears about 5 krn from the central 
crater. Beyond this distance none of the flows in the upper 
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Figure 129. Cross-section through Sorcery Ridge showing the relationship of the neck to Ice Peak flows 
of similar age and composition. 
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Ice Peak assemblage are associated with an appreciable vol
ume of primary tephra , suggesting that they travelled great 
distances from their source-probably from the central 
crater itself. 

On the east flank of the pile the upper Ice Peak assem
blage rests directly on basalt flows of the lower assemblage, 
but on the broad, nearly flat , distal shield to the west, the 
two assemblages are commonly separated by a layer of 
gravel , till , or redeposited , waterlain tephra . Boulders in 
both the tills and fluvial gravels are mostly of locally derived 
basalt , but from 1-10% are granitic, presumably from the 
high , crystalline terrane west of the shield . Locally the tills 
and fluvial gravels are interbedded with lenses of waterlain 
ash or basaltic tephra carried to the outer margins of the 
lower shield by west-flowing streams draining the upper 
slopes of the volcano . 

This entire surface was subsequently flooded by a rela
tively thin veneer of lava flows during eruption of the upper 
Ice Peak assemblage . These flows are now exposed as 
prominent rimrocks along the Mess Creek Escarpment and 
tributary canyons between Elwyn and Walkout creeks. 
Commonly only 1 to 4 cooling units are present and these 
rarely have a composite thickness of more than 60 m. 
Individual cooling units of both porphyritic basalt and 
trachybasalt are commonly 6-24 m thick . The basalt forms 
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prominent dark brown to black cliffs of thick columns or 
widely spaced rectangular joint surfaces. It is similar to 
basalt in the vent area except that the feldspar phenocrysts 
are oriented in the plane of flowage . Trachybasalt and 
mugearite both have long smooth well formed , greenish
grey-weathering columns and pronounced flow layering. As 
in the proximal part of the pile, there is considerable inter
layering of different rock types. In some exposures 
trachybasalt or mugearite overlie porphyritic basalt while at 
other exposures the sequence is reversed. The interlayering 
is most apparent immediately west of the vent whereas the 
more southerly exposures are predominantly trachybasalt 
and the more northerly exposures are predominantly por
phyritic basalt. This suggests that the trachybasalt and basal
tic lavas occur in separate, but overlapping lobes. The 
preferential accumulation of different lava types into north
ern and southern lobes suggests that they may have been dis
charged from different vents in the summit region of the 
volcano. 

Subordinate centres 

Two small intermontane shields occupy an old 
northwesterly-trending valley southwest of the main Ice 
Peak edifice (Fig. 118). The outer edges of the shields have 
been eroded back to low escarpments but their relatively 
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Figure 130. Stratigraphic sections of the Camp Hill (8-12) and Cache Hill (13-16) piles showing the rela
tionship of subaerial and subaqueous facies to fluvial gravel deposits and synvolcanic lakes ponded behind 
the flows. Section numbers refer to locations shown on the paleogeological map (Fig. 118). IP, Ice Peak. 
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smooth, unbroken surfaces contrast with the complex topog
raphy of the older, surrounding ridges. The northwesterly 
elongation of the shields and the gentle northwesterly initial 
dip of the flows reflect the shape of the broad valley into 
which the lava flowed. The source of each shield is a small 
composite volcano near its southeastern extremity. 

Camp Hill, the source of the more northerly shield, is 
a gently sloping conical hill that rises about 600 ft. (180 m) 
above the surrounding plateau. Its surface is mostly covered 
but exposures in moderately incised, radial meltwater chan
nels and on the truncated southwest flank, reveal a compos
ite structure. The lower half is brown, partly palagonitized 
sideromelane tuff-breccia, locally interbedded with pillow 

Figure 131. Thin basalt flows interlayered with fluvial gravel 
near the distal, northwesterly, end of the Camp Hill pile. GSC 
125611. 
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lava, pillow-breccia and quenched pahoehoe toes. The 
upper half is a typical subaerial assemblage of basaltic 
tephra, bombs, irregular flows and red, oxidized scoria. 
Both the lower and upper parts of the hill are coarsely por
phyritic basalt with abundant phenocrysts of plagioclase, 
olivine and clinopyroxene. The shield on which it rests com
prises 4 to 6 flows with a composite thickness of up to 60 
m (Fig. 130). The lower flows are aphyric to slightly feld
sparphyric olivine basalt whereas the uppermost flows are 
abundantly feldsparphyric. The latter extend to the distal, 
northwestern end of the shield, where they are interlayered 
with fluvial gravel (Fig. 131). The base of the Camp Hill 
pile slopes from an elevation of 5500 ft. (1675 m) at its 
source to 4900 ft. (1495 m) at its northwestern edge. It is 
underlain by fluvial and glacial-fluvial gravels which 
include clasts of Mesozoic basement rocks as well as 
locally-derived basalt. 

Cache Hill is a small composite volcano which rises 
about 120 m above the more southerly intermontane 
plateau. The symmetry of its cone is broken by a small, 
deeply incised cirque that exposes irregular flows and thick 
pyroclastic deposits on its eastern flank. The base of the sur
rounding shield slopes from an elevation of 5900 ft. (1800 
m) at its southeastern end to 5400 ft. (1645 m) at its distal, 
northwestern extremity. The basal flow, which is sporadi
cally exposed along the southwest side of the main pile, is 
a medium grey, coarsely porphyritic basalt with abundant 
clear to pale amber, tabular feldspar phenocrysts up to 1.5 
cm long. It is overlain by six to eight relatively thin flows 
of dark grey, fine grained, aphyric, vesicular basalt flows 
which, throughout most of the pile, are clearly subaerial. 
They have uniform, well developed columnar joints al}d are 
separated by thin scoria beds that include oxidized red 
cinders, and bombs deposited from a fountaining vent. 

b c 

i- - --~ ··._j 
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Figure 132. Three stages in the development of the Camp Hill and Cache Hill composite volcanoes. ,ra) 
Initial eruption of the Camp Hill vent, forming a tuff ring near the edge of a glacier on the plateau. (b) EruptIOn 
of the subaerial, upper part of Camp Hill during recession of the ice and accumulation of glacial-fluvial gravel 
in the upper part of the valley. (c) Eruption of the Camp Hill flows onto the gravel deposits and ponding 
of a temporary lake in the valley above the volcanic edifice. 
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a,b - Porphyritic alkali olivine basalt. Euhedral phenocrysts 
of unzoned plagioclase and olivine in a groundmass 
of plagioclase, sa lite, minor olivine and opaque oxides 
(a, plane light ; b, crossed polarizers). 

c - Mugearite with microphenocrysts of partly resorbed 
plagioclase mantled by less calcic feldspar. Ground
mass of alkali plagioclase, salite, and opaque oxides 
(crossed polarizers). 

d - Trachyte. Anorthoclase phenocryst in a groundmass 
of alkali feldspar and opaque oxides (crossed 
polarizers). 

e - Small cumulate inclusion of plagioclase (pc), titanau
gite (px), apatite (ap), and magnetite (mt) in fine 
grained trachyte (plane light). 

f Coarse grained, intrusive diabase comprising olivine 
(01), plagioclase (pc), titanaugite (px) and interstitial 
opaque oxides (plane light). 

Figure 133. Photomicrographs of Ice Peak rocks; scale bar 0.5 mm. 
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However, at the southeastern edge of the pile these same 
flows interdigitate with a 60-90 m thick pile of structureless 
sideromelane tuff-breccia and pillow lava. Locally this suc
cession is overlain by a massive, cliff-forming flow of vesic
ular, bright red-weathering hawaiite which forms a 
prominent rimrock along much of the southwestern part of 
the shield. Above it, most of the plateau surface, as well as 
the low, conical edifice of Cache Hill, consists of medium 
grey, highly porphyritic basalt with randomly oriented 
phenocrysts of clear ragged feldspar up to 1 cm across, 1 
to 2 mm grains of unaltered, yellowish-green olivine and 
small sparse grains of black pyroxene. This rock, unlike 
those in the lower part of the shield, breaks to a rough hackly 
surface and is filled with irregular, tear-shaped open cavi
ties, apparently formed during viscous flow. 

There are no apparent erosion surfaces or gravel layers 
between these flows but the basal flow is underlain by up 
to 135 m of gravel (Fig. 130) . The gravel contains well 
rounded pebbles and boulders of mainly Armadillo rhyolite, 
a few chert pebbles and chips of shale from the underlying 
Bowser Lake Group and rare basaltic clasts , presumably 
from the Nido basalt. 

The Cache Hill and Camp Hill composite volcanoes and 
surrounding intermontane shields are believed to have 
formed during the waning stages of glaciation , early in Ice 
Peak time. A thin lobe of ice must have remained on the 
plateau when Camp Hill activity began . The first lava was 
erupted into a shallow meltwater pond and formed the side
romelane tuff-breccia in the lower part of Camp Hill (Fig . 
132). When the tuff ring grew above the level of the ponded 
water, fire fountaining and effusion of subaerial flows built 
the upper part of the composite cone. Camp Hill activity 
must have continued until much of the ice had receded and 
the final flows spread out across the surrounding deposits 
of glacial-fluvial gravel. 

The absence of water-contact deposits in the lower part 
of the Cache Hill pile suggests that ice had already receded 
from that area prior to volcanic activity. Before the eruption 
of Cache Hill volcano the area now occupied by lava flows 
was part of a broad deglaciated valley fed by turbulent tribu
taries from the steep, deeply dissected Armadillo High
lands. Where these tributaries entered the main valley their 
load of sediment was dumped on alluvial fans, above which 
the main river began to aggrade its course . The eruption of 
Cache Hill volcano on the east flank of this valley formed 
a lava dam just above the aggrading gravel bars . A small, 
temporary lake formed on its upstream side and lava flowing 
into it formed the pillow lava and tuff-breccia preserved on 
the southeast side of the shield. Lava on the opposite side 
flowed northwest across the thick gravel deposits and suc
cessive flows spread out to build the shield. Eventually the 
lava-dammed lake overflowed toward the west and the out
flow stream rapidly incised a new valley near what is now 
the western end of Raspberry Pass. 

ICE PEAK FORMATION 

PETROGRAPHY 
The broad spectrum of chemical composItIOns that 

characterizes the Ice Peak rocks is reflected in their varied 
textures and mineralogy (Fig . 133,134; Table 13), but it is 
rarely possible to discriminate , petrographically , between 
rocks of the sodic and potassic series. 

Basalt 

The alkali olivine basalts (of both Na and K series) 
include coarsely porphyritic , microporphyritic and aphyric 
varieties (Fig . 133a,b). Plagioclase, in euhedral to sub
hedral laths up to 1 cm long, is the most abundant 
phenocrystic phase (l 0-50 % ). U nzoned cores oflabradorite 
(AnSO-70) are commonly surrounded by narrow complexly 
zoned rims of andesine to oligoclase (A140-20)' Euhedral 
phenocrysts of olivine ("vF070) are present in all of the Ice 
Peak basalts. They are commonly less than 2 mm across and 
form 5-10 % of the phenocrysts, but some picritic varieties 
contain 10 to 20% olivine as the dominant phenocryst. 
Phenocrysts of purplish-brown calcic titanaugite (salite) are 
present in most Ice Peak basalts as 1-3 mm euhedral or sub
hedral crystals. Titaniferous magnetite is a ubiquitous but 

0 
0 0 

0 
I I 

Fo 50 Fa 
Diops ide Salite Ferrosalite 

Fs 

Or 

Groundmass . .....• 
Phenocryst core .... 0 
Phenocryst rim ..... 0 

Figure 134_ End-member plots showing the compositions 
of feldspar, pyroxene and olivine in Ice Peak rocks, based on 
25 microprobe analyses. 
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minor phenocrystic phase. There is no evidence of reaction 
between any of the phenocrysts and the groundmass. Sub
volcanic intrusions of Ice Peak basalt are commonly coarse 
grained, equigranular diabasic rocks consisting of olivine, 
pyroxene, plagioclase, and interstitial opaque oxides 
(Fig. 133t). 

The groundmass of most Ice Peak basalts is either 
holocrystalline or includes only minor glass. It is commonly 
an intergranular mosaic of subhedral plagioclase laths 
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("v Anso), tiny euhedra of augite and olivine plus finely dis
seminated opaque oxides. Less commonly the groundmass 
is micro-ophitic, with plagioclase laths and olivine grains 
partly or wholly enclosed by ophitic crystals of titanaugite. 
Carbonate alteration of the ground mass is present locally, 
but it is much less common than in the older basalts. In some 
basalts of the potassic series tiny euhedral crystals of alkali 
feldspar and biotite, crystallized from a vapour phase , are 
present in cavity linings. Most vesicles are void or lined 
with a thin rind of manganese-iron oxide. 

The aphyric basalts include the same mineral species as 
the porphyritic varieties , but most have ophitic or subophitic 
textures . 

Ice Peak hawaiite differs from the other basalts in hav
ing a higher content of opaque oxides and plagioclase 
phenocrysts . 

Internnediate rocks 

The Ice Peak mugearites, trachybasalts and tristanites 
are not readily distinguished from one another in thin sec
tion . The mugearite and trachybasalt are commonly 
microporphyritic with sparse phenocrysts of plagioclase , 
pyroxene and olivine , all of which have reacted strongly 
with the groundmass (Fig . 133c). Plagioclase phenocrysts 
("vAnso) have rounded , em bayed margins mantled with an 
overgrowth of less calcic feldspar (An 10-20)' Both olivine 
and pale green clinopyroxene are largely replaced by finely 
disseminated , opaque secondary minerals. Magnetite 
phenocrysts are embayed and surrounded by haloes of dis
persed opaque oxide. The groundmass is a mosaic of inter
locking feldspars, small euhedral clinopyroxene crystals 
and disseminated opaque oxides. The feldspar is character
ized by stout , complexly zoned crystals which are inter
grown along complex sutures. Pyroxene forms euhedral, 

fusulinid-shaped crystals which are strongly zoned from 
purplish-brown titanaugite cores to colourless or pale green 
ferroaugite rims. 

Tristanite is texturally similar to the mugearite and 
trachybasalt but phenocrysts display even greater evidence 
of reaction . The principal difference is in feldspar composi
tions . Overgrowths on resorbed phenocrysts and ground
mass feldspars in the tristanites are mostly oligoclase with 
up to 10% orthoclase. Pale green ferrohedenbergite is com
monly present in the groundmass as well as forming the 
outer rims on zoned titanaugite crystals. Pale yellow faya
litic olivine ("vFos) is also a sparse but widely distributed 
ground mass phase. 

Trachyte 

With increasing alkali feldspar content and decreasing 
femic constituents the tristanites grade into trachyte (Fig. 
133d). Most Ice Peak trachytes are microporphyritic with 
two generations of feldspar phenocrysts . Euhedral laths of 
alkali feldspar with Carlsbad and fine, crosshatched twin
ning form up to 10 % of the rock . Probe analyses plot near 
the anorthoclase-sanidine boundary on the Ab-An-Or plot 
(Fig. 134). A sparse, older generation of partly resorbed 
phenocrysts have deeply embayed cores of plagioclase man
tled by anorthoclase. The ground mass is almost entirely 
alkali feldspar in ragged, interlocking laths aligned along 
planar or contorted flow layers. Interstitial to the ground
mass feldspar are pale to medium green sodic ferroheden
bergite and fine granular opaque oxides. Bright green 
acmitic pyroxene, aenigmatite and arfvedsonite are minor 
constituents in the more alkaline trachytes and in the rela
tively rare peralkaline Ice Peak rocks, comenditic and pan
telleritic trachyte. 

Table 14. Selected chemical analyses showing the range of compositions 
found in the Ice Peak Formation. 

Alkali olivine basalt Hawaiite Mugearite Tristanile Trachyte Peralkaline 

Sample 75 2646 2684 2680 21 2 11 74 

Si02 46.800 47.100 49.300 56300 56.500 59.400 61 .500 62.500 
AI20 3 15.400 15.900 16.000 17.100 17.400 19.200 16.900 15.200 
Fe203 1.500 4.900 9.200 2.900 2.100 2.700 2.600 1.600 

FeO 10.500 6.400 3.600 5.000 5.900 2.000 3.500 3.000 
CaO 9580 11 .200 8.600 4.600 3.540 1.650 1.620 1.990 
MgO 4.920 5.100 3.900 1.600 1.640 0.480 0.510 0.600 

Na60 3.300 2.700 3.900 5.300 6.400 7.500 6.400 5.700 
K2 0.870 0.900 1.600 2100 4180 5.170 5.610 5.460 
Ti02 3.150 2.240 2.530 1080 1.280 0.390 0.520 0.450 

~O5 0.390 0.300 0.780 0.160 0.310 0.130 0.110 0100 
nO 0.180 0.130 0.170 0.170 0.170 0.110 0.150 0.090 

S 0.080 0.0 0.0 0.0 0.100 0.070 0.110 0090 

NiO 0.010 0.0 0.0 0.0 0.0 0.020 00 0.0 
COd 1.700 0.800 0.900 1.900 0.100 0.0 0.0 1.800 
H2 1.700 1.400 0.500 0800 0.500 0.400 0.500 0.600 

Total 100.080 99.070 100.980 99.010 100.120 99.220 100.030 99.180 
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Figure 137. Harker diagram showing the chemical varia
tion in weight per cent of analyzed specimens from the Ice 
Peak Formation. 
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Cumulate inclusions 

Crystal clusters 1-10 mm across are sparsely scattered 
throughout most of the Ice Peak tristanites and trachytes 
(Fig. 133e) . Rare, larger inclusions of similar texture and 
mineralogy (up to 10 cm) are found locally . They are 
loosely stacked, randomly oriented aggregates of euhedral 
unzoned plagioclase, titanaugite, magnetite and apatite 
crystals . Olivine mayor may not be present. It forms up to 
20 % of most of the larger inclusions but may be absent in 
clusters of smaller size. 

CHEMISTRY 
The Ice Peak rocks have a wider range of compositions 

than those of any other formation in thc Mount Edziza Vol
canic Complex (Table 14) . On the Ab'-Ab-An diagram 
(Fig. 135) the thirty analyzed specimens plot within a nar
row field that crosses the boundary between the sodic and 
potassic series of Irvine and Baragar (1971). Most of the 
sodic rocks have normative plagioclase compositions 
greater than An35 and are classified as alkali basalt or 
hawaiite (Fig. 136). The more highly fractionated rocks 
(normative plagioclase < An3S) belong mostly to the potas
sic series (Fig . 136) and plot within the fields of 
trachybasalt, tristanite and trachyte. Only one of the ana
lyzed samples (comenditic trachyte, no. 74) is peralkaline, 
but a strong trend toward alkali-enrichment is apparent on 
both the alkali vs. silica and AFM diagrams (Fig. 135 , 136). 
The regular variation of constituent oxides across the entire 
range of silica values (46 to 65% Si02) suggests a genetic 
lineage betwen the various rocks of the Ice Peak Formation 
(Fig. 137). 

The Ice Peak assemblage appears to bridge the gap 
between basalt and trachyte that characterizes the Mount 
Edziza Volcanic Complex as a whole. As discussed in a later 
chapter, the entire range of chemical variation can be 
explained by crystal fractionation of an alkali basalt parent 
magma . Early separation of large amounts of plagioclase 
would result in the observed trend toward potash enrichment 
in the Ice Peak trachytes. But, unlike other formations in 
the complex, which are either bimodal or comprise only one 
end member, the Ice Peak includes a complete range of 
intermediate rocks. This implies that fractionating reser
voirs were either repeatedly tapped during Ice Peak time or 
that older magma, residing in pre-Ice Peak reservoirs, was 
driven to the surface during Ice Peak activity. The under
plating and remobilization of partly fractionated residual 
magma by primitive, Ice Peak basalt may account for the 
great diversity of lavas erupted during this relatively short 
period of time. Such a mechanism is consistent with local 
alternation of basalt and trachyte in the Ice Peak stratigraphy 
and with anomalous isotopic composition of the Ice Peak 
rocks (see Chapter on Isotope Chemistry). 
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GENERAL GEOLOGY 
Introduction 

T he Pillow Ridge Formation is confined to two 
small areas, Pillow Ridge and Tsekone Ridge, high 

on the northwest side of Mount Edziza (Fig. 138, Map 
1623A, in pocket). The narrow black crest of Pillow Ridge 
extends northwesterly from the north slope of Mount Edziza 
for nearly 4 km (Fig. 139). Its northeastern end, at an eleva
tion of 8000 ft. (2400 m), is surrounded by the summit ice 
cap and it is bounded on either side by valley glaciers that 
descend almost to the level of the flanking plateau. The 
northwestern end of the ridge is buried beneath a thick layer 
of colluvium that covers the plateau surface and obscures 
the base of the Pillow Ridge pile. The ridge itself is a well 
exposed complex of basaltic aquagene tuff-breccia, pillow
breccia, pillow lava and dykes (Fig. 140). Tsekone Ridge 
is an isolated pile of basaltic tuff-breccia and pillow lava 
near the western end of Pillow Ridge (Fig. 138). It is ellipti
cal in plan, with a length of nearly 2 krn along its major, 
north-south axis . Its steep, rubble-covered slopes rise to a 
narrow-crested rocky ridge 600 ft. (180 m) above the 
plateau surface but its relationship to rocks on the surround
ing plateau is completely obscured by talus. 

Pillow Ridge 

Crudely bedded, yellowish-brown, sideromelane tuff
breccia forms most of the central and lower part of the Pil
low Ridge pile. On the high northeastern crest the bedding 
is nearly horizontal, but elsewhere it dips 10-30° outward, 
away from the ridge crest. The basal tuff-breccia is a chaotic 
mixture of brown, altered basaltic lapilli and glass, enclos
ing angular clasts from 1-10 cm across and irregular glob
ules of dark grey, highly vesicular olivine basalt up to I m 
across. The surface of all fragments, both large and small, 
is coated with a pervasive rind of yellowish-orange 
palagonite. Higher in the pile the bedding is better devel
oped, with conspicuous size sorting, particularly of the 
large, angular, clasts. The uppermost 30-60 m of tuff
breccia is well bedded, and in addition to small angular and 
irregular clasts, contains a significant number of pillow 
fragments (Fig. 141). These characteristically wedge
shaped chunks of basalt, with concentric layers of small 
spherical vesicles, are commonly bounded on four sides by 
converging joint surfaces, and on the other by a segment of 
the smooth, glassy, outer surface of the broken pillow. At 
the distal, northwestern end of the pile, pillow fragments are 
the only large clasts suspended in west-dipping deposits of 
glassy, brown basaltic lapilli. 

The tuff-breccia is overlain by and locally interdigitates 
with an outer mantle of tubular pillow lava (Fig. 142). A 
small patch is preserved on the southwest crest of the ridge, 

PILLOW RIDGE FORMATION 

just below the ice cover, and includes both pillow lava and 
subaerial flows. A larger remnant, forming most of the 
northwestern nose of the ridge, is entirely pillow lava. Pil
lows in the upper remnant are poorly developed and have 
no consistent orientation but those in the lower remnant have 
a strong northwesterly alignment. Most are elongate bodies 
that form intertwined masses of long, sinuous or branching 
tubular forms which plunge 15-30° away from the ridge 
crest. In cross-section they are 0 .3-1 m across and have the 
classical oval form of pillow lavas (Fig. 143). They are 
characterized by radial jointing, concentric layers of small 
spherical vesicles, which become larger and more numerous 
inward, and by a thin rind of lustrous black or brownish
orange altered glass. An open gas hole 5-20 cm across is 
present in the centre of most pillows. Spaces between adja
cent pillows are also open, or partly filled with a finely lami
nated, silt-like deposit, thus, where the slope is parallel with 
the plunge of the lava, the original outer surfaces of tubular 
pillows can be observed. Individual bodies are exposed for 
up to 15 m. Most retain their elliptical form throughout, but 
bulbous protrusions and buds are common and in places a 
single tube branches into two or three distributary tubes all 
of about the same diameter . 

The source of the Pillow Ridge basalt appears to be 
directly beneath the centre of the pile where the tuff-breccia 
is cut by numerous 0.3-1 m dykes. Most of these are vertical 
and more or less parallel with the ridge crest, but others 
trend east and north , cutting diagonally across the ridge . 
Several of the latter are continuously exposed from the ridge 
crest through cliffs to the glacier on the southwestern side. 
The dykes display many of the same structures as the pil
lows, including thin, glassy outer rinds, closely spaced 
10-15 cm rectangular to crudely columnar transverse joint
ing, and trains of small spherical vesicles arranged in well 
defined planes parallel with the contacts. As in the pillows, 
the vesicles become larger and more numerous inward, and 
in many dykes they coalesce to form large voids within a 
highly porous central zone. Basalt in the dykes, pillows and 
larger breccia blocks is fine grained, highly vesicular and 
contains sparse, 1-3 mm phenocrysts of feldspar, olivine 
and rarely pyroxene. 

Pillow Ridge tuff-breccia and pillow-breccia is sporadi
cally exposed over a large area 2-3 krn northeast of the ridge 
itself. It has been partly covered by younger lavas, slope 
wash and low vegetation . Outcrop is in the form of large 
isolated blocks 1-20 m across which project from the tundra 
surface as crumbling monoliths surrounded by spalled off 
debris. Bedding orientation within the blocks is completely 
random, suggesting that they are not in situ. They were 
probably carried to their present position as part of a land
slide that sloughed off the north slope of the ridge. 
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Figure 138. Paleogeological map showing the maximum extent of the Pillow Ridge Formation at the end 
of Pillow Ridge time. Figure A and cross-section show the relationship of the volcanic pile to glacier ice 
during the final stage of Pillow Ridge activity. 
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Figure 139. The northwest flank of Mount Edziza, showing the morphology of Pillow Ridge (PR) and 
Tsekone Ridge (TR). Stereoscopic pair. Province of British Columbia photos BC 5607-143, 144. 

Figure 140. The southwest slope of Pillow Ridge showing 
the lower pile of aquagene tuff-breccia overlain by a mantle 
of pillow lava. Tsekone ridge in background. 
GSC 125612. 

Figure 141. Aquagene tuff-breccia near the top of Pillow 
Ridge. Fragments of broken pillows are suspended in a 
matrix of quenched basaltic lapilli and granular sideromelane. 
GSC 125613. 

167 



MOUNT eOZIZA 

Figure 142. Tubular pillow lava near the summit of Pillow 
Ridge. Initial dip of pillows is away from the ridge crest and 
approximately parallel to the slope. GSC 202469-0. 

Figure 143. Cross-section of pillow structure on Pillow 
Ridge showing concentric vesicle trains, radial jointing and 
central gas cavity. GSC 202469-E. 

Table 15. Representative microprobe analyses and structural 
data for the principal mineral phases in the Pillow Ridge rocks. 

Feldspar Pyroxene Olivine 

Phenocryst Phenocryst Phenocryst 

PRF-l PRF-2 PRF-3 PRP-l PRP-2 PRO- l PRO-2 

Si02 54.26 49.54 53.06 50.39 50.28 39.51 38.75 
AlCOa 29.15 31.08 28.66 4.70 3.67 .10 0.03 
Ti 2 .14 0.05 0.13 1.29 1.38 ,01 0.03 
Cr20a 0.00 0.0 0.0 .58 .03 0.00 0.02 
Fe20 3 .63 0.51 0.79 1.03 1.38 0.00 0.0 
FeO 0.00 0.0 0.0 6.29 8.22 16.75 20.29 
MnO 0.00 0.0 0.02 .17 .23 .22 0.26 

~i~O .06 0.06 0.11 14.46 12.72 42.70 40.32 
0.00 0.0 0.0 0.00 0.00 .25 0.0 

CaO 11 .33 15.59 13.04 21 .40 21 .73 .24 0.24 
Na(? 4.63 2.77 4.21 .38 .51 0.00 0.0 
K2 .42 0.15 0.28 0.00 .01 0.00 0.0 
H2O 0.00 0.0 0.0 0.00 0.00 0.00 0.0 
F 0.00 0.0 0.0 0.00 0.00 0.00 0.0 

Total 100.62 99.75 100.30 100.69 100.16 99.78 99.94 

No. of ions on No. of ions on basis of No. of ions on basis of 
basis of 8 (0) 6 (0) 4 (0) 

Si 2.4392 2.2744 2.4079 Si 1.8533 1.8793 Si 1.0034 0.9989 
AI 1.5443 1.6817 1.5328 AI .1467 .1207 AI 0.0000 0.0 
Cr 0.0000 0.0 0.0 Ti 0.0000 0.0000 Cr 0.0000 0.0 
Fe3• .0213 0.0176 0.0270 Fa 0.0000 0.0000 Fe3+ 0.0000 0.0 

Cr 0.0000 0.0000 

AI 0.0000 0.0 0.0 AI .0570 .0410 AI .0030 0.0009 
Cr 0.0000 0.0 0.0 Ti .0357 .0388 Cr 0.0000 0.0004 
Ti .0047 0.0017 0.0044 Fa3• .0286 .0388 Ti .0002 0.0006 
Faa. 0.0000 0.0 0.0 Cr .0169 .0009 Fe3+ 0.0000 0.0 
Ni 0.0000 0.0 0.0 Ni 0.0000 0.0000 Ni .0051 0.0 
Fe2+ 0.0000 0.0 0.0 Fa2+ .1935 .2569 Fa2• .3557 0.4374 
Mn 0.0000 0.0 0.0008 Mn .0053 .0073 Mn .0047 0.0057 
Mg .0040 0.0041 0.0074 Mg .7927 .7086 Mg 1.6163 1.5492 

Ca .8433 .8702 
Na .0271 .0370 
K 0.0000 .0005 

Ca .5457 0.7669 0.6340 Ca .0065 0.0066 
Na .4035 0.2466 0.3704 Na 0.0000 0.0 
K .0241 0.0088 0.0162 K 0.0000 0.0 
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Figure 144. Block diagram showing three stages in the evolution of the Pillow Ridge pile. (a) Initial eruption of basalt 
beneath glacier resulting in a meltwater pond on the sagging surface of the ice. (b) Accumulation of the chaotic, basal 
breccia, formed from primary ejecta erupted into the meltwater pond, mixed with debris slumped in from its unstable margins. 
(c) Accumulation of bedded tuff-breccia in the upper part of the pile, after stabilization of the meltwater pond and construc
tion of the mantle of pillow lava and subaerial flows on the relatively broad surface of the tuff-breccia pile. 
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a,b - Basalt from Pillow Ridge. Phenocrysts of plagioclase (pc) and olivine (01) in fine grained basalt with 
open vesicles (v) lined with iron manganese oxide (a, plane light, b, crossed polarizers). 

c,d - Basalt from Tsekone Ridge. Phenocrysts of plagioclase (pc), titanaugite (px) and open vesicles (v), 
(c, plane light ; d, crossed polarizers). 

e,f - Partly fused granitic inclusion of interlocking quartz (q) and feldspar (f) grains embayed by glass 
(g), (e, plane light; f, crossed polarizers). 

Figure 145. Photomicrographs of Pillow Ridge basalt and granitic inclusion; scale bar 0.5 mm. 



The lower contacts of the Pillow Ridge tuff-breccia are 
not exposed, but the pile is clearly older than the central 
cone of Mount Edziza. Patches of Edziza Formation 
trachyte rest on the upper surface of the ridge , and a large 
flow of trachyte overlaps the western edge of the pile. The 
latter is well exposed in a small box canyon between the 
edge of the flow and the northwestern end of Pillow Ridge . 
There, horizontally flow-banded trachyte is underlain by 
1-2 m of porous flow breccia which rests directly on the 
truncated beds of steeply west-dipping pillow-breccia. Thus 
the Pillow Ridge pile must rest directly on the eroded sur
face of Ice volcano and must have formed during a period 
of major glaciation. A projection of the assumed profile of 
Ice volcano prior to the Pillow Ridge event suggests that the 
ice was at least 450 m thick (Fig. 144). Whereas the tuff
breccia could have accumulated in a narrow meltwater pond 
that migrated downslope as the pile grew, the mantle of pil
low lava could only have formed in a body of meltwater that 
was ponded by ice up to an elevation of at least 7400 ft. 
(2250 m) . The change from chaotic tuff-breccia at the base 
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upward through bedded tuff-breccia, pillow-breccia and 
finally to undisturbed pillow lava may be due in part to 
progressive enlargement of the meltwater pool thawed by 
the lava. The initial eruption may actually have broken 
through the ice to form a steep-sided pit crater in which the 
first ejecta accumulated as a pile of pyroclastic debris and 
scraps of lava mixed with blocks of ice and isolated pockets 
of water. As melting enlarged the crater this unstable mass 
progressively collapsed. Bombs, ash and lapilli thrown onto 
the surface of the glacier slumped back into the widening 
hole and were incorporated in the aquagene deposits to form 
the chaotic basal tuff-breccia. With continued melting the 
pond rapidly enlarged and filled with water. At that stage 
the first stratified deposits formed by size-sorting of primary 
ejecta thrown into the water and subaqueous slides spalling 
off the steep slopes of the growing pile. These settled out 
to form bedded tuff-breccia while unstable masses of pillow 
lava, formed around the central vent, repeatedly collapsed 
and were swept, along with other debris to the edge of the 
pile where they accumulated as foreset beds of pillow
breccia . As the pile grew laterally , its steep slopes became 
gentler and more stable, slumping ceased and the present 
veneer of pillow lava accumulated . The absence of tuff
breccia within the upper pillow lava succession suggests that 
the central vent may have grown above the surface of the 
meltwater lake during this final stage of activity. Thus the 
violent phreatic explosions which must have accompanied 
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the subaqueous eruptions and generated masses of debris 
were succeeded by quiet outpouring of fluid streams of lava 
from a subaerial , island vent within the meltwater lake . 
Where these entered the water they were quenched to form 
the long tubular branching pillows that mantle the pile of 
tuff-breccia . 

T sekone Ridge 

The lower and central part of the Tsekone pile is a 
loosely welded mass of black scoria and blocks of highly 
vesicular basalt. This is overlain by fractured, closely 
jointed pillows and lava tubes. Both the tuff-breccia and the 
pillow sequence are cut by vertical north-trending feeder 
dykes. Tsekone Ridge resembles the nearby Pillow Ridge 
pile but there are important differences. The Tsekone Ridge 
basalt, with up to 30% phenocrysts of clear, glassy feldspar, 
olivine and pyroxene, is distinctly more porphyritic than 
that of Pillow Ridge. Also in the Pillow Ridge pile most of 
the glass has been altered to palagonite and vesicles, though 
still open, are lined with an iron oxide coating. In contrast, 
the Tsekone Ridge pile is characterized by lustrous black, 
glassy surfaces of both pillows and scoria. Thin iridescent 
films of glass retain every detail of their original surface, 
including tiny unbroken bubbles. The hollow interior of 
many pillows is filled with a web-like filigree of iridescent 
glass strands, so thin that they are flexible, and there is no 
coating on the inner surfaces of vesicles. 

Differences in glass alteration and vesicle lining suggest 
that the Pillow and Tsekone Ridge piles were erupted under 
slightly different conditions. Both are clearly subglacial, but 
the original mass of the Pillow Ridge pile was at least five 

times that of Tsekone Ridge. Thus Pillow Ridge must have 
had a relatively long cooling history during which vigorous 
hydrothermal circulation through the porous tuff-breccia 
and loosely stacked pillows resulted in the observed hydra
tion of glass and precipitation of hydrous iron oxide in frac
tures and vesicles. The absence of similar hydrothermal 
alteration in the Tsekone pile may be due to its small size 
and consequently short cooling history. Tsekone Ridge may 
also be somewhat younger than Pillow Ridge. Its higher 
phenocryst content and slightly more alkaline composition 
could result from modification of a portion of the primary 
batch of Pillow Ridge magma prior to its eruption at 
Tsekone Ridge . Partial crystallization, accompanied by 
removal of a small amount of olivine, could account for the 
observed chemical and petrographic differences. 

Accidental inclusions 

Xenoliths of partly fused granitic and gneissic rock are 
found throughout the Pillow Ridge pile , and less commonly 
on Tsekone Ridge. They vary in size from single crystals 
or crystal clusters to rounded masses over 0 .3 m across , and 
in degree of melting from lenses of frothy , white felsic glass 
to subangular inclusions that have undergone only minor 
discolouration . Most of the inclusions exhibit a spongy tex
ture in which the original framework of white quartz and 
feldspar crystals is permeated by a vermicular network of 
black, glass-lined voids. 

Inclusions of coarse grained gabbro are smaller and less 
abundant than the granitic xenoliths . They form loosely 
stacked, dictytaxitic aggregates of clear, colourless feldspar 
and black clinopyroxene . 

Table 16. Representative chemical analyses of specimens 
from the Pillow Ridge Formation. 

Tsekone Ridge Pillow Ridge 

Sample C-3 60 59 C-2 

Si02 49.49 47.60 47.20 50.62 
AI20 3 16.12 15.80 16.20 17.02 
Fe203 3.72 3.10 3.10 3.20 
FeO 7.66 8.10 8.40 5.38 
CaO 9.18 8.95 10.70 9.55 
MgO 5.78 6.78 7.53 3.93 
Na203 3.65 3.50 2.80 3.73 
K20 1.50 1.45 .66 1.76 
Ti02 2.33 2.36 1.90 2.45 
P20 5 .44 .46 .24 .40 
MnO .01 .16 .18 .10 
S .08 .11 
NiO .01 .01 
COO .50 
H2 1.04 .90 .20 2.52 

Total 100.92 99.25 99.73 100.57 
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PETROGRAPHY 
The Pillow Ridge alkali olivine basalt (Fig . 14Sa, b; 

146 ; Table IS) contains sparse phenocrysts and 
microphenocrysts of plagioclase (An7S zoned to rims of 
An70), olivine (F080), and clinopyroxene (titaniferous 
salite). The highly vesicular groundmass of nearly opaque 
glass contains ragged laths of plagioclase (An60-6S), den
dritic crystals of titaniferous salite and disseminated iron 
titanium oxide grains and dendrites. The Tsekone Ridge 
hawaiite (Fig. 14Sc,d) includes the same mineral species but 
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it is distinctly more porphyritic. Microphenocrysts of 
clinopyroxene, plagioclase and olivine form up to SO% of 
the rock and strongly pigmented, purplish-brown titanifer
ous salite is commonly the most abundant phenocryst phase. 
The glassy , iron-rich ground mass is similar to that of the 
Pillow Ridge basalt. 
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Vesicles in the Tsekone hawaiite are mostly open, 
whereas those in the Pillow Ridge basalt are commonly 
lined with hydrous iron oxide, locally overgrown by fibrous 
carbonate. 

Partly fused granitic inclusions are a mosaic of 
anhedral, interlocking grains of perthitic alkali feldspar, 
minor opaque oxides and varying amounts of glass (Fig. 
145e,f). The light to dark brown, concentrically banded 
glass forms circular and amoeboid masses up to 5 mm 
across. These embay the feldspar and may contain a central 
void. Small, sparse crystals of euhedral feldspar and den
drites of Fe-Ti oxide have crystallized in some of the glass 
but most of it is completely vitreous. The granitic inclusions 
are probably of accidental origin, incorporated from base
ment rocks at relatively shallow depth. 

The gabbro inclusions are holocrystalline, coarse 
grained (3-8 mm), dictytaxitic rocks that show no evidence 
of either partial melting or reaction with the enclosing 
basalt. They comprise about 45 % unzoned labradorite 
(An6o), 45 % titaniferous salite and 10 % intergranular 
masses of opaque oxide. The mineralogy and cumulous tex
ture of these inclusions suggests they are of cognate or 
parental origin. 
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CHEMISTRY 
The six analyses of basalt from the Pillow Ridge For

mation suggest a slight but consistent difference in the com
position of rocks from Pillow Ridge, and those from 
Tsekone Ridge (Table 16). The suite from Pillow Ridge 
plots within the alkali olivine basalt field of the normative 
colour index vs. normative plagioclase diagram (Fig. 147) 
whereas the Tsekone Ridge samples plot in the field of 
hawaiite. The two suites also fall into separate groups on 
the AFM (Fig. 148) and alkali vs. silica diagrams (Fig. 
147). The data set is too small and the differences too subtle 
to prove a separate origin. However, the chemical differ
ences are in agreement with field and petrographic differ
ences which, taken together, suggest that the two piles were 
erupted from different magma batches or magma in differ
ent stages of fractionation. 

The range of chemical variation in the Pillow Ridge 
Formation is similar to that of the Klastline and Arctic Lake 
formations (Fig. 149). 
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GENERAL GEOLOGY 
Introduction 

T he summit region of Mount Edziza is a nearly sym
metrical composite trachyte volcano which was 

built on the dissected northern flank of Ice volcano during 
the Edziza stage of activity (Fig. 150, Map 1623A, in 
pocket). The central cone rises steeply to a summit crater 
nearly 9000 ft. (2700 m) in elevation and 2 km in diameter 
which is now filled with an almost flat field of stagnant ice 
(Fig. 151). Alpine glaciers flanked by morainal ridges man
tle most of the upper edifice down to an elevation of 7000 
ft. (2135 m). Only about hal f of the old crater rim is exposed 
in a series of spires and serrated nunataks that project above 
the glacier, but its nearly circular form is clearly preserved 
despite the ice cover. The northwestern and southern sides 
of the volcano have not been greatly modified by erosion 
and there, only the most recent flows are exposed beyond 
the terminal moraines of the alpine glaciers. The symmetry 
of the central cone is interrupted by several steep-sided lava 
domes. 

On its east side the central crater has been breached by 
an active cirque at the head of Tenchen Creek and there, 
hydrothermally altered rocks of the central conduit and lava 
lakes that once filled the crater are exposed in nearly verti 
cal, 300 m high cliffs of the headwall (Fig. 152). The adja
cent, steep-sided spurs provide cross-sections through the 
eastern side of the main composite cone , exposing alternat
ing flows and pyroclastic deposits, as well as feeder dykes 
and small subvolcanic intrusions (Fig . 153) . 

The total volume of material erupted during Edziza 
activity is estimated to be 18 km3 . It consists entirely of 
trachyte with remarkably uniform composition, though the 
colour and fabric vary from dense, dark green, flow layered 
rock in the lower and central part of thick cooling units , to 
pale green frothy rock in the upper portion . Small tabular 
phenocrysts of honey-coloured alkali feldspar with conspic
uous {O 1O} cleavage are ubiquitous . 

Pre-Edziza surface 

Most of the major topographic features of the Edziza 
Complex were formed during an interval of erosion between 
the Ice Peak and Edziza eruptive stages (Fig. 138). Head
ward erosion by west-flowing tributaries of ancestral Mess 
Creek cut the valleys of Elwyn, Kadeya , Sezill and Walkout 
creeks into the gently sloping shield on the western flank of 
Ice volcano, but did not extend as far east as the central 
edifice . In contrast the relatively short streams, flowing east 
along steep gradients, from Ice volcano into Kakiddi Creek 
dissected the central edifice of the volcano, reducing the 
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eastern half of the shield to isolated remnants, preserved on 
interfluves between valleys cut deeply into the pre-Tertiary 
basement rocks . This early-formed topography was subse
quently modified by ice during Pliocene glaciation. The 
asymmetrical form of the complex was further accentuated 
by active cirque and valley glaciers cutting rapidly into the 
east side oflce volcano, in contrast to broad , relatively stag
nant lobes of ice which spread out onto the western plateau 
surface. Eruption of the Pillow Ridge basalt during the cli
max of this glaciation produced the only volcanic edifice 
formed during this long period of fluvial and glacial erosion. 
Before the Edziza activity began the regional ice cap had 
receded , exposing the rugged topography that had been 
carved from the gently sloping surface of Ice volcano . Only 
the western rim of the central crater remained. Where the 
crater itself had been, a series of steep-walled cirques 
opened into the head of deep , U-shaped valleys that 
extended eastward to join the valley of Kakiddi Creek . The 
western side of Ice volcano still retained a semblance of its 
original form but its surface was covered by a thick mantle 
of glacial moraine deposited during retreat of the central ice 
cap. In contrast Pillow Ridge and Tsekone Ridge stood as 
rounded black prominences on its northwestern flank, their 
smooth, oversteepened slopes unmodified by erosion except 
for landslide scars. 

Central composite cone 

The composite cone of Mount Edziza rises to a circular 
summit crater almost 3 km in diameter. Its central depres
sion is filled with permanent ice which flows through a 
breach in the east crater rim and discharges over shear, 300 
m cliffs, onto the head of Tenchen Glacier (Fig. 152). The 
crater rim itself is defined by a discontinuous series of nuna
taks which include the precipitous 9143 ft. (2786 m) high 
spires of the summit ridge . These spires, on the south rim 
of the crater are uniform, greenish-grey , sparsely por
phyritic trachyte with randomly oriented plates of feldspar 
3-5 mm across. Perfectly formed, small diameter columns 
extend nearly vertically for more than 90 m from the ice to 
the top of the summit spire. Other, more subdued nunataks 
on the crater rim are glacially reworked trachytic pyroclas
tic debris. 

A section through the central cone is well exposed in 
850 m high cliffs along the north side of Tenchen Valley , 
which cuts through the eastern edge of the crater rim, expos
ing Edziza flows and breccias (Fig. 153,154). Approxi
mately the lower third of the pile is a chaotic explosion 
breccia, enclosing relatively small, discontinuous lenses and 
irregular masses of pale green, crudely-jointed trachyte 
lavas up to 120 m long and IS m thick. The western, prox
imal breccias are extremely coarse, containing massive 
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blocks up to 7.5 m across . All of the fragments are trachyte 
but their colour and density vary from dark green, dense, 
flow layered rock to pale, silvery green, very porous 
material almost as light as pumice . Fragments are com
monly angular. In the proximal facies they are randomly 
stacked and the matrix of comminuted rock fragments, 
pumice and secondary silica and iron oxide cement is rela
tively sparse. They are probably primary breccias deposited 
directly from the active vent. The more distal breccias, at 
the eastern end of Tenchen Valley, rarely contain blocks 
more than 1.5 m across and locally rounding and stratifica
tion suggest landslide or lahar deposits. Distal breccias also 
contain a higher proportion of fine ashy or silty matrix. In 
some beds even the largest blocks are suspended in the fine , 
unstratified ashy matrix. 

Figure 151. Looking southeast across the nearly flat, ice
filled summit crater of Mount Edziza. Nunataks are remnants 
of circular crater rim. GSC 202469-F. 

Figure 152. Headwall of Tenchen cirque which breaches 
the eastern side of the Mount Edziza summit crater. Flows 
and pyroclastic rocks of the main cone are exposed on the 
flanking spurs, and conduit breccia in the central part of the 
headwall is overlain by remnants of lava lakes that were 
ponded in the crater. GSC 202469-G. 
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In the upper part of the Tenchen section (Fig. 154) lava 
predominates over breccia. Individual cooling units are up 
to 150 m thick but are highly irregular or lenticular in cross
section. The body of each flow is a dark greenish-grey, 
dense trachyte with sparse, perfectly oriented tabular alkali 
feldspar phenocrysts 2-5 mm across. The rock commonly 
has a perfectly developed flow layering that imparts a platy 
or flaggy aspect to many outcrops, and a pronounced cleav
age along which it splits to surfaces with a lustrous sheen. 
Long slender columns are developed normal to the flow 
cleavage. The upper half to one-third of most flows is lighter 
coloured, grading up into pale green, porous rock that lacks 
flow layering. A mat of similar pale green, loosely 
aggregated flow breccia underlies each flow, but there is 
rarely any colluvium or reworked material separating flows 
in the proximal part of the central cone. 

Breccia within the central conduit is exposed in the 
steep headwall of Tenchen cirque, under the breach in the 
east crater rim (Fig. 155). Despite intense hydrothermal 
alteration the outline of both small breccia fragments and 
large rotated blocks, up to several metres across, is visible 
in most outcrops within the conduit. The brecciation is 
believed to have accompanied collapse and foundering of a 
once higher and narrower summit cone (Fig. 156). The 
broad, nearly flat summit of Mount Edziza, with its 3 km 
wide crater, is probably the truncated remnant of a cone that 
originally rose to a much smaller summit crater. As dis
cussed in a later section, summit collapse may have accom
panied the voluminous effusion of lava during the formation 
of satellitic domes or the Kakiddi lava flows. 

Satellitic vents 

A small, rounded mound with a shallow central depres
sion projects from under the ice on the northwestern flank 
of Mount Edziza, south of Pillow Ridge. It comprises pale 
green, porous agglutinated trachyte bombs, spatter and 
pumice, and is believed to be a pyroclastic cone that erupted 
late in Edziza time . It was the source of at least two separate 

Figure 153. Thick, irregular flows and coarse proximal 
breccia of Edziza trachyte on the north buttress of Tenchen 
cirque. GSC 125614. 
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lobes of lava, both of which are mostly covered with collu
vium and ash. A northwesterly lobe abuts against, and over
rides , Pillow Ridge breccia and partly surrounds Tsekone 
Ridge. The contact between the base of this trachyte flow 
and basaltic pillow-breccia is exposed in the canyon of upper 
Elwyn Creek . The two are separated by about 1 m of globu
lar, porous, moderately agglutinated , pale green trachyte 
flow breccia which rests directly on the pillow-breccia . The 
absence of an intervening fluvial or glacial layer suggests 
that the ice did not reform over Pillow Ridge after its 
emplacement. A second lobe of lava, extending west from 
the cone, is isolated from both older and younger rocks by . 
colluvium, but sections through the flow itself are well 
exposed in the upper tributaries of Elwyn Creek and in a 
series of ledges leading up to the cone. Platy flow layering 
is well developed in all parts of this flow lobe. In most out
crops it is planar and dips west at 10-15 0

, parallel to the flow 
surface, but locally the dips reverse and may sweep up to 
nearly vertical or display complex folds and fractures. In 
several exposures the gently west-dipping flow layers in the 
lower, distal portion of the flow are truncated by steeply 
east-dipping flow layers in the upper, proximal part of the 
flow . These structures are clearly formed in the later stages 
of flowage when the highly viscous, nearly crystalline but 
still moving mass was sufficiently rigid to fracture . When 
the distal part of the flow stagnated, it was overridden by 
the still moving upper portion along a series of curved, 
upward sweeping thrusts . Flow layers in the overriding slab 
were bent upward and commonly fractured . The ability of 
these lavas to fracture during the later stages of flow is 
clearly seen where they pass over small terraces on the base
ment surface. The flow responds to bending like a semi
rigid plastic. A regular set of tension fractures develop 
across the flow layers which are offset step-wise in a series 
of small slump blocks (Fig. 157). The bounding fractures 
curve downward and merge into the flow layers near the 
centre of the flow . 

A short, thin flow on the northwest side of the cone is 
characterized by an abundance of partly resorbed cognate 

Figure 155. Light coloured, hydrothermally altered vent 
breccia overlain by lava lakes in the headwall of Tenchen 
cirque. GSC 125615. 
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inclusions . It lacks the well developed flow layering and 
jointing of the other flows and does not appear to extend 
more than a few thousand metres It probably originated 
from a mass of glowing particulate debris that accumulated 
on the flanks of the cone, and slid off as a small, rootless 
flow of annealed bombs and spatter. 

Lava domes 

Three bulbous masses of trachyte form conspicuous 
protrusions on the flanks of the otherwise symmetrical cen
tral cone of Edziza. Each appears to be an exogenous dome 
formed by the rapid effusion of viscous trachytic lava from 
a central vent. 

Nanook Dome (Fig. 158) , the largest of the three, 
forms the southeast buttress of the central crater . It is nearly 
circular, about three-quarters of a kilometre in diameter and 
is bounded by steep, smooth convex margins 150-200 m 
high. Except for its northeastern corner , which is truncated 
by the headwall of Tenchen cirque, the present dome 
appears to be close to its original form. Prominent flow 
cleavage is nearly parallel to the existing surface and rem
nants of an outer rind of frothy, agglutinated trachyte scoria 
and blocks are preserved on its south and east slopes . South 
of the dome a small bluff on the ice-shrouded headwall of 
Tennaya Creek exposes about 15 m of spherulitic glass and 
pumice (Fig. 159) . This is believed to be the quenched base 
beneath the southern edge of the dome. The dissected north
eastern corner of Nanook Dome exposes tiers of short, per
fectly formed columns which diverge outward in the form 
ofa fan . The nearly vertical, 150 m high cliffs include three 
massive trachyte cooling units separated by thin recessive 
layers of less competent rock. The two lower units are trun
cated by a lobe of the upper unit that drapes across their 
steep northern edge and disappears beneath ice which fills 
the central crater. It is believed to be a source for one or 
more of the lava lakes ponded in the crater (Fig . 160). 

The east side of Nanook Dome merges with relatively 
thin trachyte flows which cap the steep, east-dipping inter
fluves between Tenchen and Tennaya creeks. A distal rem
nant of this same flow, preserved on the ridge south of 
Tennaya Creek , may have been ramped to its present posi
tion across pyroclastic fill that has since eroded away. Three 
large remnants of very coarse poorly consolidated breccia 
are plastered against the steep cliffs north of Tennaya 
Glacier (Fig. 161) . They comprise a jumble of angular to 
subrounded blocks up to 2.5 m across, randomly suspended 
in a fine, yellow , ashy matrix . Most of the large clasts are 
green trachyte but the smaller clasts include basalt and gab
bro from the underlying Ice Peak Formation . The abun
dance of large angular blocks of dense, flow-layered 
trachyte suggests that thick flows or domes were disrupted 
by explosive activity in the vent area, but most of this distal 
breccia was probably transported to its present position by 
landslides and debris flows . It is believed to be all that 
remains of a once extensive debris-fan, formed during the 
emplacement of Nanook Dome. 
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Figure 156. Block diagrams showing three stages in the construction and foundering of the summit cone 
of Mount Edziza. (a) Composite trachyte cone at its maximum development. (b) Effusion of lava from mar
ginal domes and the beginning of summit col/apse. (c) Final eruption of Nanook Dome and ponding of lava 
lakes in the summit crater. 



The relationship of Nanook Dome to the Kakiddi valley 
flows and to the adjacent summit spires is not known . Trun
cation of the lower Nanook flows by the inner wall of the 
present crater and draping of the upper flow over them and 
into the crater suggest that summit collapse may have 
accompanied effusion of the Nanook trachyte (Fig. 156) . 
The Nanook activity may have been coeval with the effusion 
of Kakiddi lava and a vent on or near the dome may actually 
have been one of the Kakiddi sources. Their lithological 
similarity and close spatial association suggest a genetic 
relationship between the valley flows, the dome and the 
summit spires . It is reasonable to suppose that the Nanook 
magma became increasingly viscous during the course of 
the activity. Early effusion of relatively fluid, volatile-rich 
trachyte may have formed the voluminous valley flows of 
the Kakiddi Formation. Removal of this enormous amount 

Figure 157. Flow layers and slump fractures formed in a 
viscous lava flow of Edziza trachyte where it passes over, and 
flexes above, a ledge in the underlying surface. GSC 125616. 

Figure 158. Nanook Dome, the largest of three 
endogenous domes in the Edziza pile, forms the southeastern 
buttress of the summit ridge. GSC 202469-H. 

EDZIZA FORMATION 

of material may have initiated the summit collapse. Later 
effusion of more viscous magma produced the thick flows 
of Nanook Dome and finally a spine of nearly solid trachyte 
was extruded to form the summit spires (Fig . 162). 

Triangle Dome high on the west side of the central 
cone, and Glacier Dome far down on its northeastern flank , 
are elliptical masses of trachyte with concentric flow layers 
parallel with the present surface and long thin columns nor
mal to it. 

Glacier Dome (Fig. 163) which is built on a relatively 
flat surface stands about 700 ft . (210 m) high and flow layer
ing around its margins dips from 45 to 60 ° outward. The 
rock in both domes is a light, silvery-green porphyritic 
trachyte with small, crudely aligned plates of clear alkali 
feldspar up to 1 em across. Ragged , polygonal voids with 
rough, haddy inner surfaces are particularly abundant in 
Glacier Dome . They range from minute pore spaces less 

Figure 159. Spherulitic glass at the base of Nanook Dome. 
GSC 202469-1. 

Figure 160. The southeastern buttress of the summit ridge 
showing the uppermost Nanook flows which may be the 
source of lava lakes ponded in the summit crater. GSC 
125617. 
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than I mm across to cavities 3-S cm across. Most are elon
gated, parallel to the flow layering which is clearly 
deformed around the larger cavities. They appear to have 
formed by gas expansion during the latter stages of emplace
ment, when the rock was sufficiently viscous to tear rather 
than deform plastically . 

Figure 161. Remnants of very coarse pyroclastic, or 
epiclastic fill plastered against the steep northern and 
western sides of Tennaya val/ey. Large, angular clasts are 
mostly Edziza trachyte. GSC 125618. 

Figure 162. Summit spires of Mount Edziza may have been 
emplaced as a viscous plug-dome during the final stages of 
Nanook activity. GSC 125 619. 
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Lava flows 

The Edziza trachyte displays a variety of forms which 
suggest extreme differences in mobility. The lava domes 
and thick, steeply-dipping flows which form the central 
cone were obviously emplaced as highly viscous lava. Simi
larly, remnants of late flows from the central vent, some 
more than 60 m thick, are perched on basement slopes of 
IS to 2S 0 on the northeast side of the mountain. Yet similar 
trachyte forms relatively thin flows that have spread onto 
slopes of less than SO. As noted earlier, the bulbous 700 ft. 
(210 m) high mass of Nanook Dome trachyte merges on its 
eastern side with a relatively thin broad flow only IS-24 m 
thick. This suggests that the viscosity changed during a sin
gle episode of effusion, yet no differences in mineralogy, 
texture or percentage of phenocrysts is apparent. Presuma
bly the first magma erupted during any given event was rela
tively rich in volatile components and may also have been 
at a higher temperature than magma erupted near the end 
of a cycle. The early phases were thus more mobile and tend 
to form relatively thin distal lobes and valley flows, whereas 
the later, partly degassed and consequently more viscous 
phases, piled up in domes above the vents or spread into 
thick flow lobes on the steep upper slopes of the mountain. 

The prominent, light green rimrock on the north side 
of Pyramid Creek is one of the thinnest flows of Edziza 
trachyte even though it rests on a gently sloping surface. For 
most of its exposed length of 2 km it is 24 m thick but thins 
to about IS m at the distal end where it passes from the 
plateau surface onto the steep valley wall. The rock is identi
cal with that of Glacier Dome, and may have originated 
from that vent as an early, fluid phase (Fig. 164) . 

Figure 163. Glacier Dome, an endogenous mass of porous, 
columnar-jointed trachyte on the north flank of Mount Edziza. 
GSC 125620. 
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Figure 164. Block diagrams showing the possible relationship of Glacier Dome (centre background) to 
The Pyramid (left foreground) and to the trachyte rim rock along the north side of Pyramid Creek valley. 
Circles beneath the trachyte flow indicate gravel derived from erosion of The Pyramid. View is toward the 
west. (a) Effusion of trachyte lava during the initial stage of activity. (b) Emplacement of viscous trachyte 
during the final, dome-forming stage. (see Fig. 163) 
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Subvolcanic intrusions 

Rapid erosion of its steep eastern side has stripped away 
large segments of the Edziza pile and cut sufficiently deep 
into the underlying basement to expose parts of the subvol
canic plumbing. Numerous dykes, sills, cupolas and irregu
lar intrusive masses of green trachyte are believed to be part 
of the interconnecting conduit system. 

Swarms of dykes are mostly vertical or subvertical and 
have a crudely radial distribution with respect to the crater. 
The thickness of individual dykes varies from a few cen
timetres to more than 6 m. The largest single dyke is con
tinuously exposed for nearly 2 km in cliffs along the north 
side of Tenchen cirque. Dykes cutting pyroclastic rocks 
weather out as resistant ribs which pinch and swell along 
highly irregular boundaries; in places wedging out com
pletely and in others welling into irregular, stock-like 
masses. Dykes cutting massive flows have relatively 
straight, planar contacts. The dykes are commonly pale 
green trachyte with pronounced flow layering parallel to 
their margins and a porous zone of tiny spherical vessels in 
the centre. Most contacts are marked by a thin selvage of 
pale green to black glass. 

In addition to dykes the Edziza trachyte forms small 
cupolas both within the central edifice and in underlying 
rocks. At several places in Tenchen Valley masses of 

Figure 165. Small irregular cupolas of trachyte, exposed by 
erosion of the enclosing pyroclastic deposit into which they 
were intruded. GSC 202469-J. 
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trachyte 3-9 m across project upward into thick pyroclastic 
deposits. Where the breccia has eroded away, these 
grotesquely shaped monoliths with bulbous projections and 
spires have been left standing like inverted sand castings up 
to 12 m high (Fig. 165). Their smooth outer surface is com
monly covered by a rind of dark brown iron oxide stain and 
encrusted with a few remaining patches of breccia, 
cemented by iron oxide. 

Hydrothermal alteration 

The cirque at the head of Tenchen Valley cuts through 
the eastern rim of the main crater and exposes breccias, 
dykes and sills within the central conduit. These intensely 
altered, bright yellow and ochre-weathering rocks form 
most of the precipitous 300 m high cliffs of the headwall 
(Fig. ISS). They grade laterally into unaltered rocks of the 
crater margin which forms the bounding spurs of the cirque, 
and they are overlain by unaltered flows which were ponded 
within the crater. In the centre of the altered zone the rock 
has been completely reconstituted to a pure white, amor
phous material in which the only original minerals are small 
tabular phenocrysts of alkali feldspar. The rock is per
meated by an anastomosing filigree of chalcedony veinlets 
less than 1 mm thick and cut by a more widely spaced stock
work of veins 1-5 cm across. Many of the larger veins con
tain tiny cubes of pyrite, and pyrite and marcasite are 
disseminated throughout the intervening rock. A few open 
cavities are lined with native sulphur. 

Despite this pervasive alteration of the conduit breccia 
the faint outline of angular fragments can be seen on many 
surfaces. Large clasts, up to I m across, are surrounded by 
a jumble of smaller clasts, cemented by pyritiferous chal
cedony. Local masses of rock within the conduit are less 
severely altered and stand out as relatively dark bluffs. In 
these zones the cores of the larger clasts retain their original 
greenish-grey colour, and in a few places remnants of 
unbrecciated dykes, sills and flows are preserved. Joints and 
fractures within these masses are bounded by alteration 
zones at least 10 cm wide in which the rock is bleached, 
silicified and pyritized. These partly altered zones become 
more numerous near the edges of the conduit and finally 
grade outward into green, unbrecciated trachyte flows and 
pyroclastic deposits of the conduit walls. Nearly every joint 
and fracture surface within 200 m of the conduit breccia 
shows some evidence of bleaching and irregular, fracture 
controlled, zones of intense alteration from a few metres to 
over 100 m wide extend outward into the walls of the cone 
for at least 500 m. 

Alteration of the conduit breccia and adjacent rock of 
the central cone must have occurred during a long period 
of intense fumarolic activity from the central vent. Hot sul
phurous gases and silica-saturated acid water streaming 
through the porous vent breccia and fractures in the adjacent 
cone reacted with the trachyte to produce an assemblage of 
chalcedony, secondary feldspars, clay minerals, pyrite and 
zeolites. Solfataric activity from the central vent may have 



Figure 166. Detail of lava lakes, showing the irregular inner 
surface of the crater floor on which they were ponded. GSC 
125621. 

ceased before the final effusion of trachyte lava because 
ponded flows within the crater and Nanook dome trachyte, 
which forms the southeast buttress of the cone, rest on the 
hydrothermally altered zone but are not altered themselves. 

Lava lakes 

The central crater of Mount Edziza is filled with 
approximately 60 m of glacial ice which discharges east
ward into the cirque at the head of Ten chen Creek . Tongues 
of broken ice extend from the summit ice cap down to the 
valley glacier but the central part of the cirque is bare , its 
slopes swept by repeated avalanches from the ice cliffs that 
overhang its steep headwall . Just below the ice and resting 
on the altered vent breccia is a nearly vertical cliff through 
the eastern edge of a succession of Java lakes which were 
ponded within the crater (Fig . 166) . At least four cooling 
units are exposed . The lower two are dark greenish-grey 
trachyte with well developed reddish brown-weathering 
columns. Each is about 30 m thick . They fill depressions 
on the hummocky surface of the crater floor and appear in 
cross-section as dark lenses which wedge out against the 
bright yellow vent breccia . The two upper flows are lighter 
green trachyte similar to that of Nanook Dome. The lower 
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of the two is nearly 90 m thick. It has well developed verti
cal, rectangular jointing along which the rock has broken 
to a shear cliff across the full width of the headwall. The 
uppermost flow is poorly exposed , and difficult to examine 
due to overhanging ice. It appears to be a mass of aggluti
nated blocks, particularly at the edge of the flow. 

The absence of hydrothermal alteration along joint sur
faces in either the lava lakes or the Nanook Dome trachyte 
suggests that degassing through the central conduit had vir
tually ceased before or shortly after the final effusion of 
lava. Moreover, the lithological similarity and spatial rela
tionship of the lava lakes and Nanook Dome suggest that 
they were erupted from a common vent on the southeast 
margin of the crater rim. The uppermost flow of Nanook 
Dome forms the southeastern rim of the crater and is 
exposed in section on the south spur of Tenchen cirque. A 
relatively long southern lobe of this flow rests on gently 
south-sloping older flows of Nanook Dome, whereas the 
northern end bends abruptly down , truncating older flows 
and pyroclastic deposits along the steep inner walls of the 
summit crater (Fig . 160) . At the point of flexure the flow 
is about 90 m thick and has a distinct sinusoidal cleavage 
and parting. This very thick remnant is believed to be part 
of a lava flow that spread southward onto the surface of 
Nanook Dome and northward into the crater where it was 
ponded to form the lava lakes . 

PETROGRAPHY 
Trachyte and comenditic trachyte 

It is not possible to discriminate petrographically 
between the trachytes (Fig. 167a,b) and comenditic 
trachytes (Fig. 167c,d) of the Edziza Formation . Both are 
fine grained, aphyric to moderately porphyritic rocks with 
up to 10% microphenocrysts ( < 2 mm) and sparse, tabular 
phenocrysts (up to 1 cm) of alkali feldspar. Pyroxene and 
rarely pale yellow fayalitic olivine (F03.2s) also occur as 
microphenocrysts. The ground mass comprises alkali feld
spar in felted clusters of slender laths or in stout , tabular 
crystals with interlocking, sutured boundaries . Deep green 
aegirine augite , pale to dark blue pleochroic arfvedsonite 
and dark red to black aenigmatite are interstitial to the 
groundmass feldspar and , together form less than 10% of 
most Edziza rocks . Opaque oxides occur both as finely dis
seminated granules and sparse microphenocrysts . 

Feldspar phenocrysts are euhedral or have slightly 
rounded boundaries. Simple Carlsbad twins are common 
but very fine polysynthetic and crosshatched twinning are 
visible in some crystals. Small inclusions of aegirine augite 
and rarely of arfvedsonite form slender, euhedral prisms in 
the interior of feldspar phenocrysts and, more commonly in 
a narrow zone slightly inside and parallel with the crystal 
boundaries. Microprobe analyses (Fig. 168, Table 17) of 
both phenocrysts and groundmass feldspar deviate little 
from an average composition of Ab65An20r36 (potassic 
anorthoclase). A few phenocrysts exhibit a small range of 
normal and reverse zoning (Fig. 168) . 
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a,b - Fine grained, aphyric trachyte comprising felted clusters of slender feldspar laths, interstitial arfved
sonite, aegirine augite, aenigmatite and grains of opaque oxide (a, plane light; b, crossed polarizers). 

c,d - Comenditic trachyte with microphenocrysts of alkali feldspar (kf), ferrohedenbergite (px) and faya/ite 
(01), (c, plane light; d, crossed polarizers). 

e.f - Gabbro inclusion consisting of unzoned plagioclase (pc), clinopyroxene (px), olivine (01) and opaque 
oxides (e, plane light; f, crossed polarizers). 

Figure 167. Photomicrographs of rocks from the Edziza Formation ; scale bar 0.5 mm. 



Pyroxene microphenocrysts as stout euhedral or sub
hedral prisms are commonly zoned. Rare larger crystals 
may have a core of purplish-brown titaniferous salite sur
rounded by a rim of pale green ferrosalite or ferrohedenber
gite. Many cores of ferrohedenbergite are rimmed with 
bright green aegirine augite, which is also the principal 
groundmass pyroxene. 

Arfvedsonite occurs as interstitial grains in the ground
mass, as an overgrowth on aegirine augite micro
phenocrysts and as small euhedra projecting into open 
cavities. Aenigmatite is found only as tiny crystal clusters 
in the groundmass. 

Yellowish-orange, devitrified glass is a minor constitu
ent of quenched phases, but no completely vitreous trachyte 
was found in the Edziza Formation. 

AI+Fe+ Ti+Mn+Mg+Ca 
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Inclusions 

Gabbroic and granitic inclusions up to 30 em across 
occur in coarse trachyte tephra near the western summit of 
Mount Edziza. They are both subangular and rounded, and 
of two distinct petrographic types. The more common type, 
gabbro (Fig. 167e,t), contains about 50% clear, unzoned 
plagioclase (An70), 20% olivine (Fo77), 15 % clinopyroxene 
(magnesian salite), and 15 % opaque oxide. The constituent 
minerals form a randomly stacked aggregate in which both 
open, intergranular pore space and sutured crystal bound
aries are present. Inclusions of this type are believed to be 
of cognate, cumulate origin, formed by crystal settling on 
floored chambers of crystallizing basaltic magma. In some 
of them the intergranular space is filled with a nearly 
opaque, vesicular, glassy residuum containing tiny euhedra 
of plagioclase, olivine and titaniferous clinopyroxene. The 

Di+He+Tsch 

40 

Jd 

,80 

\ Groundmass . . .. 
\ Phenocryst core. .0 

• Phenocryst rim . .0 • 
0' 

30L-----~----~L-----~----~/o 
<S 

Aegirine·augite 60 

Na+ K Atomic % Si • 

Fo 

0
1 Ac Fa 

Hedenbergite 

Or 

20 
Anorthoclase 

Oligoclase 

Ab '--------"'-------".------.Y.------3> An 
R 

En~~----~----~L-----~----~L-----~ Fs 
0' 0' 

Figure 168. End-member plots of microprobe data showing the compositions of the prin
cipal mineral phases in rocks from the Edziza and Kakiddi formations. 
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residuum is clearly richer in Ti and Fe than the bulk compo
sition of the inclusions, and may represent an early product 
of crystal fractionation. 

The second type of inclusion comprises mostly alkali 
feldspar (Ab60An60r34), up to 10% hornblende , minor bio
tite, opaque oxides and glass. The feldspar is perthitic and 
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forms anhedral, interlocking grains. These inclusions are 
believed to be fragments of granitic, basement rock that 
were incorporated in and reacted with the Edziza trachyte 
magma. Preferential melting of hornblende has left areas of 
clear, pale brown glass around the embayed remnants of 
original crystals . Clusters of small, randomly oriented horn
blende prisms in the glass are believed to have recrystallized 
from the melt during quenching. Glass has also formed 
around grains of opaque oxides and locally along feldspar 
boundaries. Biotite shows no evidence of fusion. However, 
it has been mostly replaced by granular, opaque oxides 
which form thick reaction rims around small, residual cores 
of dark reddish-brown, strongly pleochroic biotite. 
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• 

Ab' Or 

Figure 171. AFM and Ab'-An-Or plots of Edziza (open circles) and Kakiddi (solid dots) chemical data. 
(A=Na,O+K,O; F=FeO+O.S99S Fe,0 3 ; M=MgO; Ab '=Ab+S/3Ne). 

Table 18. Representative chemical analyses of specimens 
from the Edziza (E) and Kakiddi (K) formations. 

Tristanite Trachyte 

Sample K19 K6 E5 

Si02 57.700 61 .900 61.500 
AI20 3 16.400 16.400 16.900 
Fe203 3.400 4.200 4.600 

FeO 4.500 2.000 1.900 
CaO 3.330 1.380 0.950 
MgO 1.450 0.580 0.250 

Na203 5.800 6.400 6.600 
K20 4.190 5.310 5.080 
Ti02 1.130 0.440 0.190 

P20 5 0.300 0.100 0.050 
MnO 0190 0.150 0.150 
S 0.070 - 0.090 

NiO - - 0.010 
H2O 0.300 0.300 2.000 
C01 0.900 - 0.0 

Total 99.660 99.160 100.270 

CHEMISTRY 
Eleven analyses of rocks from the Edziza Formation are 

plotted in Figures 169 to 171 and four representative ana
lyses are listed in Table 18 . All of the constituent oxides fall 
within very narrow limits and exhibit no systematic varia
tion with respect to SiOz (Fig. 169). All but two of the ana
lyzed specimens are peralkaline and plot in the comenditic 

190 

Peralkaline 

E12 E68 K3 E16 

60.700 63.000 61.600 65.700 
15.300 15.300 15.600 14.000 
3.700 3.700 3.800 2.200 

4.400 3.800 3.400 4.700 
1.670 1.190 1.650 1.290 
0.370 0.250 0.360 0.180 

7.700 7.100 6.200 6.200 
5.030 4.680 5.090 4.830 
0.450 0.430 0.500 0.460 

0.120 0.060 0.060 0.040 
0.210 0.180 0.210 0.200 
0.070 0.100 0.080 0.070 

0.010 0.0 - 0.010 
0.200 0.700 2.000 0.700 
0.0 0.0 - 0.0 

99.930 100.490 100.550 100.580 

trachyte field of the Al20 3 vs . FeO diagram (Fig. 170). 
The remaining two are highly alkaline trachytes 
(A.I. >0.95) of such similar composition that they are not 
discriminated by either the Na20 + K20 vs. Si02 or AFM 
plots (Fig. 170,171). The Edziza rocks are relatively Fe
rich (6-8 % FeO). Thus, despite their high Na20 + K20 
content the suite shows less apparent alkali enrichment on 
the AFM plot than the comenditic rocks of the Armadillo, 
Spectrum and Pyramid formations. 



KLASTLINE FORMATION 

GENERAL GEOLOGY 

R emnants of thick basalt flows erupted during the 
Klastline time are preserved south of Buckley 

Lake, along the western side of Kakiddi Valley, and as small 
buttes and buttresses along Klastline Valley (Fig. 172, Map 
1623A, in pocket). They occur as isolated, usually flat
topped erosional remnants bounded by low escarpments 
from 6-12 m high (Fig . 173). Flow cleavage is developed 
locally, particularly in the Buckley Lake lobe, but elsewhere 
the rock is extremely massive and nearly all cliffs are 
flanked by giant talus blocks which obscure the lower con
tact. 

Most sections expose from one to three cooling units, 
each with a lower colonnade of stout 0.5-1 m diameter 
columns surmounted by an entablature of smaller, often 
curved or radiating columns . Flows are separated by a few 
metres of scoriaceous flow breccia but this has been com
pletely stripped from the surface of the upper flow by fluvial 
and glacial erosion. Glacial grooves and stria are common 
and erratics of pre-Tertiary basement rocks were observed 
on all Klastline surfaces up to 5000 ft. (1525 m) elevation. 
The rock is a moderately porphyritic basalt with 10 to 30% 
phenocrysts of plagioclase, pyroxene, and olivine in a 
medium to light grey groundmass. The proportion and size 
of olivine and pyroxene phenocrysts is noticeably greater in 
the lower few metres of many of the thick flows, suggesting 
crystal settling. Vapour phase alteration, during the final 
stages of cooling, has produced a patchy brown mottling in 
the upper part of some flows. 

The relative age of the Klastline and Edziza flows can 
only be inferred from indirect evidence because they were 
not observed in direct contact. The base of the large remnant 
near the mouth of Tenchen Creek is green, gently east
dipping, flow layered Edziza trachyte, whereas the top and 
east side are Klastline olivine basalt flows and tephra . 
Although the actual contact is obscured the persistent flow 
layering in the trachyte suggests that it forms a continuous 
slab beneath the basalt rather than a flow margin that has 
been diverted around an older obstruction . The basal contact 
of the Klastline pile was observed at only one place, a steep 
buttress on the west side of Klastline River, near the mouth 
of Buckley Creek. There the black, ropy base of the flow 
is underlain by a I m mat of brown, clinkery cinders and 
flow breccia which rest on river gravel containing rounded 
boulders up to 1.2 m across. The gravel layer itself is 6 m 
thick and rests directly on basement. The boulders include 
a mixture of both basement rocks and early phases of the 
Edziza Complex, and a few relatively small cobbles of green 
trachyte believed to have come from the Edziza Formation. 
Both the Edziza and Klastline Valley flows have undergone 
about the same degree of dissection and both have been 

KLASTLINE FORMATION 

glaciated. It seems probable that the Klastline lavas were 
erupted near the end of the last interglacial, soon after the 
cessation of Edziza activity. 

The Klastline basalt issued from at least three sources. 
Scattered outcrops of the Buckley Lake lobe can be traced 
eastward up to an elevation of 3500 ft. (1065 m), above 
which they are covered by colluvium and younger flows. 
About 2 km beyond the last outcrop the younger Big Raven 
flows have been diverted around a low grassy hill which 
rises to an elevation of 4000 ft. (1220 m). This is probably 
all that remains of the pyroclastic cone from which the 
Buckley Lake lobe originated. 

The main source of the Klastline Valley flows is well 
exposed near the head of Pyramid Creek where Klastline 
cone forms a moderately dissected conical hill nearly 2 km 
across on the western side of Kakiddi Valley (Fig. 174). Its 
4600 ft. (1400 m) summit is below the level of the plateau, 
thus most of the ejecta accumulated on the east side of the 
vent, forming a long wedge of tephra which extended down 
to the valley floor. Most of the pyroclastic pile is fine ash 
and lapilli (Fig . 175) containing random blocks and bombs 
up to 25 cm across and minor coarse agglutinated spatter 
and breccia . The deposits are characteristically well bedded 
with initial dips of 20 to 30°. Unlike the loosely aggluti
nated, oxidized tephra of the younger cinder cones this 
deposit is firmly indurated and unoxidized. Beds of ash and 
lapilli are cemented by secondary minerals and commonly 
form steep cutbanks along stream courses . The bedding is 
interrupted by small normal faults that bound slump blocks 
1-5 m across. Displacement on individual slumps is up to 
2 m. The slumped beds are not deformed but they are altered 
and more firmly cemented for a few centimetres adjacent 
to the bounding faults. This slumping appears to have taken 
place during construction of the cone, while the pile was still 
permeated with hot vapours . Several unique features of the 
cone suggest that it formed in a wet environment, possibly 
near the edge of an ice cap that had started to develop on 
the newly formed peak of Mount Edziza. The absence of pi 1-
lows or palagonite tuff-breccia suggests that water was not 
ponded around the vent but that meltwater streams and 
groundwater flowing into the vent area generated repeated 
phreatic explosions and dense columns of steam. Fine ash 
and lapilli, saturated with rain from the condensing column 
of steam, clung in thin beds to the steep sides of the growing 
cone. Dehydration and compaction of this mass initiated the 
regular pattern of slump fractures through which hot water 
and steam were channelled, altering the adjacent rock and 
precipitating a siliceous cement. The absence of primary red 
oxidation of the tephra is probably also due to an abundance 
of steam which excluded oxygen and reduced burning of 
vent gases to a minimum. 
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Figure 172. Pa/eogeological map showing the inferred maximum extent of the Klastline and Arctic Lake 
formations prior to the last major glaciation of the region. 



KLASTLINE FORMATION 

Figure 173. Klastline valley, showing flat-topped remnants of Klastline basalt surrounded by fluvial 
deposits and younger flows of Big Raven basalt. Stereoscopic pair. NAPL A 12226-452, 453. 
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Figure 174. Block diagrams showing three stages in the evolution of Klastline Cone and disruption of the Kakiddi Creek 
and Klastline drainages by lava flows. (a) Flooding of the initial vent by meltwater from a nearby alpine glacier caused repeated 
phreatic explosions and the construction of a tuff ring. (b) Breaching of the ice dam and construction of a subaerial tephra 
cone accompanied by eruption of lava flows. (e) Massive effusion of lava into the valley and the formation of lava-dammed 
lakes in which pillow lava accumulated. 



Figure 175. Thin-bedded, well indurated lapilli tuff on the 
flank of Klastline cone, a tuff ring formed by repeated phreatic 
eruptions during the early stages of Klastline activity. GSC 
125622. 

KLASTLINE FORMATION 

Two glaciated cones farther north on the Big Raven 
Plateau (Fig. 172) may be remnants of other Klastline 
centres of eruption. These loosely aggregated subaerial piles 
of reddish-brown spatter and bombs were probably erupted 
beyond the edge of the Edziza ice cap. 

Lava from Klastline cone flowed along the valley of 
Kakiddi Creek to its junction with Klastline River. There it 
merged with lava issuing from satellitic cones to form a 
series of thick valley flows which extend at least 20 km 
along Klastline Valley. Where the stream of lava entered 
Klastline Valley it formed a dam at least 120 m high, pond
ing water in the upper Klastline Valley up to approximately 
the 2500 ft. (760 m) contour. Pillow lavas, interbedded with 
gravel and coarse, pebbly, water-lain tuff are well exposed 
in flat-topped, flow-remnants in Klastline Valley down
stream from the mouth of Kakiddi Creek. Clay, silt, gravel 
and ash deposited in the lake above the dam are exposed in 
terraces and cutbanks upstream from the dam. 

a,b - Klastline basalt with phenocrysts of plagioclase (pc) and olivine (01) in a groundmass of plagioclase, clinopyroxene, 
minor olivine and opaque oxides (a, plane light; b, crossed polarizers). 

c,d - Arctic Lake basalt with microphenocrysts of plagioclase (pc) and olivine (01) in a groundmass of plagioclase, clinopyrox· 
ene, minor olivine and opaque oxides (c, plane light; d, crossed polarizers). 

Figure 176. Photomicrographs of Klastline and Arctic Lake basalts; scale bar 0.5 mm. 
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KLASTLINE FORMATION 

Table 20. Representative chemical analyses of 
Klastline basalt. 

Sample C-8 C-7 

SiO 
AI 203 

47.350 46.600 
15.600 15.180 

Fe60 3 1.870 2.590 
Fe 9.440 10.070 
CaO 11.400 11.640 
MgO 6.330 6.620 

Nat? 2.770 2.880 
K2 1.670 .780 
Ti02 2.490 2.740 
P20 5 .580 .490 
MnO .010 .010 
H2O .870 .490 

Total 100.380 100.090 

PETROGRAPHY 
The Klastline basalt is moderately porphyritic, contain

ing 10-30% phenocrysts of plagioclase, olivine and 
clinopyroxene (Fig. 176,146, Table 19) . Plagioclase 
phenocrysts (calcic labradorite) are euhedral, unzoned and 
up to 5 mm long. Olivine (F075) is present as both euhedral 
crystals with sharp boundaries and as larger (up to 5 mm) 
crystals that are deeply embayed by the groundmass . The 
latter are most abundant near flow bottoms and are probably 
of cumulous origin. Clinopyroxene phenocrysts (titanifer
ous salite) up to 3 mm long are also euhedral. They com
monly display moderate zoning and contain a concentric 
layer of opaque inclusions between the core and a narrow, 
optically continuous overgrowth. 

The groundmass is a holocrystalline mosaic of ran
domly oriented euhedral plagioclase laths (An600r5), 
euhedral grains of Fe-Ti oxide and interstitial crystals of 
clinopyroxene and olivine. An intergranular residuum of 
alkali plagioclase commonly contains dendrites of an Fe-Ti 
opaque oxide and bladed clusters of purplish-brown 
clinopyroxene. 

C-6 C-5 

47.790 46 .630 
15.640 14.790 
2.440 2160 
9.670 10.150 

10.150 10.680 
5.570 8.240 
3.490 2.870 
1.000 .730 
2.640 2.460 

.550 .420 

.010 .010 

.480 .590 

99.430 99 .730 

CHEMISTRY 
Five analyses of Klastline rocks are plotted on Figures 

147 to 149 and three superior analyses are listed in Table 
20. Four of the samples, all from flow remnants in Klastline 
Valley, form a fairly tight cluster of points on the alkali vs. 
Si02 and AFM diagrams (Fig. 147,148) and plot within the 
alkali olivine basalt field of the normative colour index vs . 
normative plagioclase diagram (Fig. 147). The fifth sample, 
from the base of Klastline cone, is richer in Si02 and 
alkalis, and plots in the trachybasalt field. The low H20 
content (0 .10) and Fe20)/FeO ratio (0.11) suggest that its 
anomalous composition is not due to hydrothermal or 
vapour phase alteration . It is more likely a sample of the 
final residual liquid , produced by moderate fractionation of 
the Klastline alkali basalt, and erupted onto the cone near 
the end of Klastline activity. 
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ARCTIC LAKE FORMATION 

GENERAL GEOLOGY 
Introduction 

B asalt flows and related pyroclastic rocks of the 
Arctic Lake Formation underlie most of the fl at 

upland surface between Mess Creek and the southwestern 
edge of the Spectrum Range (Fig . 172). Because they are 
not in contact with either Ice Peak or Edziza rocks, their 
relative age can only be inferred from their state of erosion . 
They were clearly erupted after most of the present topogra
phy had developed, but before the end of the last major 
glaciation. They are probably, in part, coeval with the post
Edziza Klastline lavas, but they must have been erupted spo
radically over a long period . Some phases are typical of 
subaerial flows and tephra cones, whereas others are 
characterized by water contact features that could only have 
formed during a period of extensive ice cover. Also, some 
phases are more thoroughly dissected than others . 

The Arctic Lake basalt issued from at least seven sepa
rate, central vents, all on or adjacent to the Arctic Plateau . 
Their relative ages , based on degree of dissection and pres
ence or absence of ice contact features, suggest that activity 
began with Outcast Hill, on the north end of the plateau and 
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progressed southward with time . Episodic activity appears 
to have occurred during an interval that spanned most of the 
last period of regional glaciation. Outcast Hill and Tadekho 
Hill are preglacial, Wetalth Ridge was built during the gla
cial maximum and Source hill, Thaw hill and Knobs 1 and 
2 erupted during the waning stages of glaciation (Fig . 177) . 

Preglacial phase 

The glacially modified cone of Outcast Hill rises about 
800 ft. (245 m) above the surrounding plateau surface. It 
is flanked by a platform of gently west-dipping basalt flows 
which presumably issued from it , and now form the surface 
of a wedge-shaped interfluve between Yeda and Tadekho 
creeks. Posteruptive erosion has removed the margins and 
distal end of the pile of flows and cut deeply into the under
lying basement rocks . The resulting escarpment exposes 
from 2 to 5 flows of medium grey, brown-weathering basalt 
with a composite thickness of about 60 m (Fig . 178). The 
flows are clearly subaerial , with well developed, large
diameter transverse columns and partings of red, oxidized 
scoria containing no glass. The base of the pile is covered 
except at the extreme western edge where it rests directly 

Figure 177. Series of sketch maps showing the relationship of the 7 Arctic Lake eruptive centres to glacia
tion. (a) Preglacial eruption of Outcast Hill and Tadekho Hill centres. (b) Eruption of the Wetalth .Ridge centre 
during the glacial maximum. (c) Eruption of Thaw hill and the upland flows from Source HIli and knobs 
1 and 2 during glacial retreat. 
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Figure 178. Cross-section through Outcast Hill showing its 
relationship to subaerial and subaqueous facies and pre
eruption fluvial gravel deposits. 

on river gravels which are underlain by pre-Tertiary base
ment rocks . The gravel layer varies from 6 m to more than 
60 m thick and contains mainly well rounded boulders and 
cobbles interlayered with minor lenses of coarse, pebbly 
sand. Both crossbedding and shingling indicate deposition 
by a fast, northwesterly-flowing stream. Most of the clasts 
are basalt, derived from the thick pile of Raspberry and 
Nido flows which were stripped from the area . Boulders and 
cobbles of Spectrum rhyolite and trachyte are present in 
smaller amounts . 

The edifice of Outcast Hill itself is a complex of both 
subaerial and subaqueous flows and pyroclastic deposits. 
The subaqueous deposits, including pillow lava, pillow
breccia and sideromelane tuff-breccia, are confined mostly 
to its lower, northeastern side. Elsewhere, the steeply 
inclined layers of tephra , bombs and flows have all the 
characteristics of a subaerial, composite cone. It occupies 
a preglacial valley, near what was the confluence of two 
major streams flowing out of the Spectrum Range into Mess 
Creek (Fig. 172). Before Arctic Lake volcanism began, 
these streams had already eroded through the Raspberry and 
Nido basalt shields and cut deeply into the underlying base
ment rocks. Eruption of Outcast Hill into this valley 
produced a temporary dam, behind which the water was 
ponded . Lava that entered the lake produced the pillows and 
aquagene breccias now exposed on the northwestern side of 
the cone, whereas most of the lavas flowed westward down
stream across dry gravel beds abandoned by the blocked 
river. 

The nearly circular edifice of Tadekho Hill lies 4 km 
due south of Outcast Hill. It appears to have been built on 
a pre-existing hill of Spectrum trachyte which outcrops on 
the east side, almost up to the summit ridge of the cone, and 
forms a bench on the western flank. Like Outcast Hill, it 
includes both subaerial and subaqueous phases. Most of the 
basalt in the surrounding platform of flows is subaerial , but 
evidence of ice or water contact is seen at several places 
along Nahta Creek, where the relatively thick transverse 
columns give way to complex radiating or sheaf-like masses 
of slender columns . In places, these are nearly horizontal 
and the associated scoria contains a high proportion of 
brown, hydrated sideromelane. The lower part of the 
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Tadekho edifice is a dissected subaerial cone, but the sum
mit ridge comprises almost 60 m of bombs and blocks sus
pended in a brown, glassy , limonitic matrix which appears 
to have been quenched. It seems likely that a small ice cap 
covered the pre-existing hill over which the Tadekho cone 
was built. Thus, only the initial ejecta was quenched. With 
continued activity, the ice was either melted or buried and 
the edifice developed into a normal subaerial composite 
cone. The quenched flows on its southwestern side may 
either have entered a body of ponded water or encroached 
on a lobe of ice in the old valley . 

Outcast and Tadekho hills were overridden by north
westerly moving ice which scoured and grooved their sur
face and deposited erratics on both summits. Their relative 
age is not known, but both have undergone about the same 
amounts of erosion suggesting that they are approximately 
contemporaneous. They were probably erupted a short time 
before the last major glacial advance at a time when perma
nent ice was beginning to accumulate above an elevation of 
5500 ft. (1675 m). 

Intraglacial stage 

Wetalth Ridge is an elongate pile of pillows and pillow 
fragments which rest partly on a remnant of flat-lying Nido 
basalt and partly on pre-Tertiary basement. Its 6100 ft. 
(1860 m) summit is only slightly below the glaciated top of 
Tadekho Hill which lies 4 .5 km due north . Unlike the Out
cast and Tadekho centres it is not surrounded by an apron 
of flows, nor is there any evidence of flows rooted within 
the cone itself. The entire mass comprises vesicular , 
quenched basalt with pillows, blocky pillow fragments and 
dykes predominating over finer pyroclastic deposits . Its 
external form is similar to that of Tsekone Ridge on the 
north flank of Mount Edziza and, like the latter , it may have 
an inner core of tuff-breccia which is covered by an outer 
envelope of pillows . Also, like Tsekone Ridge, it must have 
formed in a subglacial, meltwater cavity during a period of 
extensive ice cover. Although erratics are present on the 
Wetalth edifice, its relatively sharp summit ridge has not 
been modified as thoroughly as that of Outcast and Tadekho 
hills. It seems probable that it erupted during the last glacial 
maximum, when the ice surface stood above 6000 ft. 
(1800 m) and the older cones of Outcast Hill and Tadekho 
Hill were already being scoured and eroded beneath it. 
Much of the fine ash and possibly some of the lava erupted 
from Wetalth Ridge may have been deposited on the ice sur
face and carried some unknown distance to the northwest. 

Late glacial stage 

The southern end of the Arctic Lake plateau is covered 
by a veneer of basalt , the "upland flows", (Fig. 177) which 
issued from four or more small central vents or fissures . On 
the plateau itself, the flows include only one or two cooling 
units with a total thickness of 3-5 m, but at the southern end 



of the plateau the lava from several centres was channelled 
into the head of More Creek and coalesced to form a com
posite valley flow up to 30 m thick that extends 4.5 km 
beyond the mapped area. The flows cover an area of about 
100 km2 . Tributaries at the head of More Creek have cut 
several box canyons into the surface and along the margins 
of the flow, but the upland flows are not as thoroughly dis
sected as those from the Outcast and Tadekho centres. 

The upland flows exhibit features that are characteristic 
of both subaerial and subaqueous lavas . Over most of the 
plateau they have stout, transverse columnar jointing, but 
locally this is distorted into radiating clusters of small 
diameter columns typical of ice-contact zones. Also, the 
basal flow breccia, unlike the red oxidized, clinkery scoria 
that underlies most subaerial basalt flows, is commonly a 
brown , sideromelane-rich quenched breccia. Posteruptive 
glaciation has stripped most of the original surface from the 
upland flows , leaving a grooved and scoured pavement of 
truncated columns. Subsequent frost heaving has further 
disrupted the surface and, over wide areas reduced it to a 
jumble of joint-bounded blocks. This, in turn , is largely 
covered by glacial outwash deposits, drumlins, eskers and 
kettle lakes . Only on the extreme western edge of the pile, 
where the flows are above an elevation of 5000 ft. (1525 m), 
is their original surface preserved. There on the flanks of 
Source hill the scoured surface of the plateau grades up 
through a transition zone to a surface that still retains the 
sinuous outlines of lava levees and ridges, and on which the 
broken remains of slabs and scoriaceous blocks are still 
intact. Source hill itself consists of an elongate ridge of red 
oxidized spatter, bombs and ropy flow segments. It appears 
to have formed as a subaerial fissure eruption and it is obvi
ously one of the main sources for the upland flows . 

Thaw cone , a similar but smaller centre on the east side 
of the plateau , is a subaerial pyroclastic cone of red scoria
ceous spatter and bombs. Its rounded, 5700 ft. (1740 m) 
summit is covered with slope wash, but its southern margin, 
truncated by a recent alpine glacier, reveals both west
dipping tephra beds and segments of blocky subaerial flows. 
Below, about 5100 ft . (1555 m), the flows are obviously 
quenched . 

Two other eruptive centres, knob I and knob 2 (Fig. 
177), are surrounded by flows on the glaciated surface of 
the plateau . They are below an elevation of 5000 ft. 
(1525 m) and both are piles of quenched lava toes and side
romelane tuff-breccia. 

The above data suggest that the upland flows were 
erupted during the waning stages of regional glaciation, 
after most of the ice had receded westward into the high 
mountains of the Coast Range. Smaller ice caps still per
sisted in the lesser ranges , including Spectrum Range and 
the Hankin Peak Massif on the east side of the Arctic 
Plateau. When the Source hill eruption began, the plateau 
was covered by a lobe of stagnating ice fed by valley glaciers 
flowing out of the small ice cap to the east (Fig. 179). The 
Source hill fissure lay just beyond the western limit of ice, 
thus the pyroclastic cone and proximal flows have all the 
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characteristics of a subaerial pile. Where the edge of the lava 
encroached on the ice, it was locally quenched, but along 
much of the interface an equilibrium appears to have been 
reached between advance of the lava and recession of the 
melting ice, such that there was minimal contact between 
the two. The key to maintaining this equilibrium was 
immediate removal of meltwater by a migrating stream that 
developed between the advancing lava and the receding ice . 
It discharged into the bed of More Creek without ever hav
ing been ponded against the lava front. Thus, only the 
sloughed off debris at the toe of the advancing flow was 
quenched in the marginal stream or against the receding ice 
to form the sideromelane-rich basal breccia, while the main 
body of the lava developed the characteristics of a subaerial 
flow. Pockets of quenched Java with small horizontal or 
radiating columns indicate that local rapid advances brought 
the lava into direct contact with the ice, but removal of the 
resulting mcltwatcr quickly re-established an equilibrium 
distance between the flow and the ice. It is probable that 
most of the meltwater resulted from radiant heat and steam 
rising from the quenched toe of the advancing flow . 

The subaqueous piles of knob I and knob 2 must have 
formed before the ice was melted since lava ridges and 
levees in the adjacent flows are deflected around them. They 
may be older than the Source hill centre or they may be 
approximately contemporaneous, but erupted within , rather 
than outside, the ice lobe. In any case, they must have 
accumulated within meltwater lakes that were ponded up to 
5000 ft. (1525 m) , the summit elevation of knob 1. This is 
60 m below the elevation of Source hill and corresponds 
approximately with the upper level of glacial scouring on 
the Source hill flows. 

The presence of ice in approximately the same position 
before and after eruption of the Source hill flows is indicated 
respectively by the quenched basal breccia and by scouring 
of the flow surface. The pre-eruption lobe of ice on the 
plateau was probably in equilibrium with the supply of ice 
discharging from an accumulation area in the Spectrum 
Range . Following the Source hill eruptions and associated 
melting , the ice quickly re-advanced to its previous 
equilibrium front, overriding and stripping the rough scoria
ceous surface from the newly formed flows. It must have 
stagnated in this position, and as the supply of new ice from 
the east gradually diminished, the distributary lobe on the 
plateau began to melt. Its wasted, rock-strewn surface 
became ajumble of rock cones and ridges and stagnant melt
water ponds which gradually filled with rock debris. Ulti
mately, this entire load of transported debris was deposited 
on the scoured surface of the plateau as a thin veneer of 
recessional moraine , dotted with small irregular drumlins 
and kettle lakes. 

The characteristic topography of the drumlinoid pJain 
defines the approximate limits of the wasting ice. It is 
crossed, from southeast to northwest, by a prominent swarm 
of eskers formed mostly of coarse sand, pebbles and 
rounded cobbles of basement rock and a few subrounded 
waterworn pebbles of vesicular basalt. Many of the cobbles 
are derived from a unique, very coarse orthoclase porphyry 
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Lava flows from the Source hill, knob 1 and knob 2 centres 
encroaching on the distal lobe of a stagnating ice sheet 

Re-establishment of ice to its former, equilibrium position and eruption 
of Thaw hill, causing a meltwater channel to form across the ice 
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Figure 179. Series of sketch maps showing the accumulation of the "upland flows " during the final 
stages of Arctic Lake activity. 
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which forms a local dyke swarm in the mountains east of 
More Creek . At its southeastern end , the esker swarm forms 
a complex network of tributaries (Fig. 180) . These converge 
northwesterly into a relatively narrow zone of subparallel 
eskers which extends across the plateau to Little Arctic Lake 
at the edge of the drumlinoid plain. This was obviously a 
major drainage channel during the waning stages of .glacia
tion. Its location may have been controlled simply by the 
configuration of the ice surface, but the proximity of the 
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tributary channels to Thaw cone suggests that the esker sys
tem may have been initiated by meltwater resulting from its 
eruption. As noted earlier, the 5700 ft . (1740 m) summit of 
Thaw cone is a pile of subaerial tephra, whereas associated 
flows below 5200 ft. (1585 m) exhibit quench features. Both 
the cone and the associated flows have suffered more ero
sion than eskers on the adjacent plateau. Thus the cone must 
have been modified by erosion before final wasting of the 
ice . 

Figure 180. Thaw hill and the adjacent esker system. Note that main, northwesterly trending esker is 
cut by younger, south-flowing drainage into More Creek. Stereoscopic pair. Province of British Columbia 
photos BC 1213-19, 20. 
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Table 21. Representative microprobe analyses and 
structural data for the principal mineral phases in 
basalts of the Arctic Lake Formation. 

Feldspar 

Phenocryst Groundmass 

ALF-l ALF-2 ALF-3 

Si02 54.14 50.52 52.10 
AI60 3 29.14 31 .99 29.56 
Ti 2 .01 .06 0.10 
Cr203 0.00 0.00 0.01 
Fe203 .32 .68 0.52 
FeO 0.00 0.00 0.0 
MnO .01 0.00 0.01 
M~O .03 .03 0.10 
Ni 0.00 0.00 0.0 
CaO 11.40 13.95 13.33 
Na20 4.95 3.39 3.98 
K20 .37 .25 0.25 
H2O 0.00 0.00 0.0 
F 0.00 0.00 0.0 

Total 10037 100.87 99.96 

No. of ions on 
basis 01 8 (0) 

Si 2.4404 2.2848 2.3727 
AI 1.5480 1.7051 1.5865 
Cr 0.0000 0.0000 0.0 
Fe3+ .0109 .0231 0.0178 

AI 0.0000 0.0000 0.0 
Cr 0.0000 0.0000 0.0004 
Ti .0003 .0020 0.0034 
Fe3+ 0.0000 0.0000 0.0 
Ni 0.0000 0.0000 0.0 
Fe2+ 0.0000 0.0000 0.0 
Mn .0004 0.0000 0.0004 
Mg .0020 .0020 0.0068 

Ca .5506 .6760 0.6504 
Na .4326 .2973 0.3514 
K .0213 .0144 0.0145 

Table 22. Representative chemical analyses of 
Arctic Lake basalts. 

Sample C-9 C-l0 C-ll 

SiO 45.600 46 .850 47. 880 
AI203 15.680 15.900 15.660 
Febo3 4.260 3.780 2.750 
Fe 9 550 9.590 9.780 
CaO 10.040 9.580 8.720 
MgO 6.830 6.230 7.410 

Nat? 2620 3.030 3.350 
K2 .770 .990 1.410 
Ti02 2.690 2.850 2.190 
P20 5 .470 .440 .500 
MnO .010 .010 .010 
H2O 1.270 1.380 .660 

Total 99 .790 100.630 100.320 
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Si 
AI 
Ti 
Fe 
Cr 

AI 
Ti 
Fe3+ 
Cr 
Ni 
Fe2+ 
Mn 
Mg 
Ca 
Na 
K 

Pyroxene Olivine 

Groundmass Phenocryst 

ALP-I ALO-l ALO-2 

48.28 40.17 36.18 
3.69 0.02 .01 
2.34 0.01 0.00 
0.00 0.03 0.00 
2.13 0.0 0.00 
8.78 14.89 32.30 

.26 0.18 .51 
12.03 44.60 30.62 
0.00 0.0 .05 

20 .58 0.23 .29 
.61 0.02 0.00 
.05 0.01 0.00 

0.00 0.0 0.00 
0.00 0.0 0.00 

98.75 100.16 99.96 

No. 01 ions on No. 01 ions on basis 01 
basis 01 6 (0) 4 (0) 

1.8430 Si 1.0056 .9925 
.1570 AI 0.0 0.0000 

0.0000 Cr 0.0 0.0000 
0.0000 Fe3+ 0.0 0.0000 
0.0000 

.0090 AI 0.0006 .0003 

.0672 Cr 0.0006 0.0000 

.0613 Ti 0.0002 0.0000 
0.0000 Fe3+ 0.0 0.0000 
0.0000 Ni 0.0 0011 

.2803 Fe2+ 0.3117 .7410 

.0084 Mn 0.0038 .0119 

.6845 Mg 1.6642 1.2520 

.8417 

.0451 

.0024 

Ca 0.0062 .0085 
Na 0.0010 0.0000 
K 0.0003 0.0000 

The proximity of the esker system to Thaw cone may 
be only a coincidence, but the following explanation is also 
possible . Lava from Thaw cone may have encroached on the 
edge of the ice and produced a torrent of meltwater that 
spilled out across the ice surface in numerous small streams 
(Fig . 179). These converged into a central channel , and as 
the drainage system became entrenched, it carried an ever 
increasing load of morainal debris sloughed off the rock
covered surface of the waning ice. Once established , this 
same drainage system may have persisted long after cessa
tion of the Thaw cone activity, continuing to transport large 
volumes of meltwater, sand and gravel northwesterly across 
the ice surface while the cone itself was being eroded in the 
final stages of wasting. Gravel and sand in the meltwater 
channels were deposited on the plateau surface as esker 
ridges that were quickly cut by the present streams flowing 
south into More Creek (Fig. 180). 



PETROGRAPHY 
The Arctic Lake basalts display little variation in tex

ture or mineralogy (Fig. 176,146, Table 21). They contain 
5-15 % microphenocrysts of euhedral olivine (Foso.ss) and 
plagioclase. The holocrystalline groundmass is an inter
granular mosaic of euhedral to subhedral plagioclase laths 
(An6S), olivine (F063.74) and clinopyroxene. Opaque oxides 
occur as rare microphenocrysts and as a dispersed ground
mass phase . Vesicles are uncommon but, where present, 
they are unfilled. A small amount of secondary carbonate 
was noted in sections of Outcast Hill basalt but elsewhere 
the Arctic Lake rocks are unaltered . 
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CHEMISTRY 
Three analyzed samples from the Arctic Lake Forma

tion (Table 22) are basic alkali olivine basalts with less than 
48 % Si02 (Fig. 149). They are chemically similar to alkali 
olivine basalts from the Klastline Formation and analyses 
from both formations plot within the same small areas of the 
alkali vs. Si02 , AFM, and normative colour index vs. nor
mative plagioclase diagrams (Fig. 147,148). 
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KAKIDDI FORMATION 

GENERAL GEOLOGY 
Introduction 

R emnants of thick trachyte flows and associated 
pyroclastic rocks occupy deeply incised valleys on 

the east side of Ice Peak (Fig. 181, Map 1623A, in pocket) 
and, higher on the mountain, they form east-dipping caps 
which truncate Ice Peak stratigraphy (Fig. 182). Similar 
trachyte, which forms a relatively thin flow lobe on the 
plateau west of Ice Peak, is associated with trachyte 
pyroclastic deposits of Punch cone. These scattered rem
nants are assigned collectively to the Kakiddi Formation. It 
is similar to the Edziza Formation in both lithology and mor
phology but the Kakiddi trachyte must have issued from 
vents south of the Mount Edziza composite cone (Fig . 181) 
and radiometric dates suggest that it is younger. The 
Kakiddi activity produced the last major effusion of inter
mediate lava in the Mount Edziza Volcanic Complex but its 
source is not known . Some of the trachyte remnants 
assigned to the Kakiddi Formation may be coeval or even 
coextensive with the youngest Edziza flows. 

Flows and pyroclastic deposits 

A single, massive trachyte flow forms the flat interfluve 
between the lower reaches of Sorcery and Tennaya creeks. 
It is almost I km wide, from 60-120 m thick, and is continu
ously exposed for 7 km (Fig. 183). Its lower end extends 
into Kakiddi Valley and large, isolated areas of trachyte 
near Kakiddi and Nuttlude lakes are believed to be remnants 
of a once continuous, terminal flow-lobe at least 5 km across 
which welled out into the valley. The flat upper surface of 
the flow, strewn with blocks of porous pale green trachyte, 
is only slightly modified by erosion. However, undercutting 
by the marginal streams has produced steep bounding cliffs, 
exposing columns 1-2 m across which extend the full thick
ness of the flow (Fig. 184). Beneath the upper rind of pale 
green flow-top breccia the dark greenish-grey rock weathers 
to a rusty ochre surface. It is characterized by prominent 
flow cleavage along which it splits to form flaggy, slate-like 
talus . Perfectly aligned thin tabular feldspars and acicular 
crystals of sodic amphibole and pyroxene impart a lustrous 
sheen to cleavage surfaces. 

Upstream the flow divides into two tributary branches, 
one extending up Sorcery Valley and the other up Tennaya 
Valley . A short distance above the junction the flow is either 
buried by colluvium or eroded away, but additional rem
nants appear farther upstream in both main valleys and in 
their tributaries (Fig . 181). The remnants in upper Tennaya 
Valley can be traced almost continuously up to an elevation 
of 7200 ft. (2195 m) on the narrow spur between Tennaya 
and Idiji glaciers (Fig. 182) . These upper remnants are 
underlain by beds of black, southeast-dipping trachyte 

KAKIDDI FORMATION 

pumice that rest on a steep erosion surface cut into the 
underlying Ice Peak flows. A wedge of similar pumice is 
preserved on the steep southern spur of Tennaya cirque 
(Fig . 185). It is plastered against, and truncates, nearly flat
lying flows that form the cliffs on the east face of Ice Peak . 
The wedge is about 60 m thick and consists of well bedded 
black, loosely agglutinated pumice fragments up to 15 cm 
across. Bedding is due primarily to size sorting, with 
individual layers of coarse or fine tephra varying from a few 
centimetres to I m. Both the pumice wedge and beds of simi
lar pumice under the upper flow remnants were probably 
once part of the same pyroclastic pile that buried the old 
topography on the east side of Ice Peak, filling the upper 
reaches of Tennaya and adjacent valleys during the early 
stages of Kakiddi activity and providing a ramp across 
which the lava subsequently flowed. 

The pumice wedge is one of several remnants of poorly 
consolidated pyroclastic material preserved in upper Ten
nay a Valley . Three large remnants of very coarse Edziza 
breccia (Fig. 161) are plastered against the steep cliffs 
below Nanook Dome. They are believed to be remnants of 
a once continuous debris fan built during construction of the 
dome. This fan and the early pyroclastic ejecta provided a 
surface across which lava, possibly from the Nanook vent, 
was ramped to its present position on the south side of the 
valley. Subsequent erosion has almost completely removed 
both the poorly consolidated debris fan and the pumice 
deposits, along with any flows that may have remained on 
them (Fig. 186). 

No pyroclastic deposits are associated with the flow 
remnants in Sorcery Creek or the south fork of Tennaya 
Creek. 

A broad lobe of trachyte, resembling other Kakiddi 
flows , is partially exposed on the plateau west of Ice Peak. 
It is mostly covered by younger flows and tephra from 
Coffee Crater and by drifts of Sheep Track pumice. Its base 
is not exposed and its felsenmeer covered surface has been 
glaciated. 

Eruptive centres 

The source of the Kakiddi Formation valley flows is not 
known. The main flow that enters Kakiddi Valley appears 
to have been fed by at least two, and possibly three, tributar
ies (Fig. 181). The most northerly tributary may have been 
an extension of flow remnants that descend the east face of 
Ice Peak (Fig. 186) but a gap of6 km now separates the most 
easterly exposure of the upper flows from the main valley 
flow. The upper flows and associated pumice are clearly 
from a vent near the present summit of Ice Peak and, as dis
cussed previously, Nanook Dome may have been a major 
source. 
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Figure 181. Paleogeological map showing the present distribution and inferred maximum extent of the 
Kakiddi intra valley trachyte flows. Their source may have been from vents, now ice-covered, on the summit 
ridge of Ice Peak, or some of the Kakiddi lava may have issued from The Neck (Fig. A). 
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Figure 182. Looking northwest at a thick remnant of Kakiddi trachyte capping the rock spur between 
Idiji and Tennaya cirques. The Kakiddi flow rests on a thick mat of trachyte tephra and cuts steeply across 
truncated Ice Peak flows. GSC 125 623, 125 624. 

Figure 183. The valley occupied by Sorcery and Tennaya creeks. The flat inter· 
fluve between the two creeks is a single, massive flow of Kakiddi trachyte. 
Stereoscopic pair. Pro vince of British Columbia photos BC 1367-1, 2. 
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Figure 184. Massive columns extending the full thickness 
of Kakiddi intravalley flow. GSC 202469-K. 

The other two tributaries are inferred from thick rem
nants of similar flow-layered trachyte in the two south forks 
of Ten nay a Creek. Neither of these tributary streams of lava 
could have originated from the Nanook vent or from any 
other vent on the central cone of Mount Edziza because of 
the intervening ridge of Ice Peak. Thus , they must have 
issued from vents, now covered by ice on the south flank 
of Ice Peak, or from vents within the valleys themselves . 
The absence of Kakiddi trachyte on the rim of the plateau 
at the head of either valley favours the latter. No pyroclastic 
deposits related to the Kakiddi flows are preserved in either 
of these tributary valleys. However, this is not surprising 
since large sections of the flows have been eroded away and 
cones, formed within the pre-existing valleys, would be 
even more susceptible to erosion. An elliptical area of 
flaggy green trachyte about 0.5 km across at the head of the 
south fork of Ten nay a Valley is mapped as an exhumed sub
volcanic intrusion of Ice Peak age (see Ice Peak, Subvol
canic intrusions). However, it may be much younger and 
could be part of a conduit system related to the Kakiddi 
flows. Unlike the flows, which have consistently sub
horizontal flow layering, the layering in this area is vertical. 
In every other respect it resembles the Kakiddi trachyte in 
the flow remnants. The main body is isolated from adjacent 
rocks by a fringe of colluvium and talus, but small, irregular 
dyke-like masses of similar trachyte cut Ice Peak basalt in 
the adjacent cliffs . 

The source of Kakiddi lava flows in the two south forks 
of Tennaya Creek was originally thought to be The Neck, 
a circular pillar of trachyte that outcrops on the ridge 
between the two valleys (Fig . 181, inset). However, a radio
metric date of 1.5 Ma on trachyte from The Neck suggests 
that it is of Ice Peak age . The possibility that it may be a 
source of Kakiddi flows is nevertheless an appealing 
hypothesis which is supported by similar petrography, 
chemistry and morphology of The Neck and adjacent valley 
flows. The possibility cannot be dismissed until the age of 
The Neck is confirmed by additional dates. 
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The lobe of trachyte that underlies Coffee Crater, on 
the southwest side of Ice Peak is believed to have issued 
from Punch cone (Fig. 187), an elliptical, steep-sided ridge, 
about 1 km long, which projects from under the central ice 
cap. Its lower slopes are completely covered with younger, 
Sheep Track pumice but isolated outcrops on the 
felsenmeer-covered upper slopes reveal a competent mass 
of agglutinated, green, frothy trachyte scoria and pumice 
enclosing angular, cognate blocks of darker trachyte up to 
a few centimetres across. The tephra is cut by dykes of simi
lar green , porous trachyte, and an irregular mass at the west
ern end of the summit ridge appears to be part of a small 
neck about 300 m across . 

PETROGRAPHY 
It is not possible to discriminate petrographically 

between the Kakiddi tristanites, trachytes and comenditic 
trachytes (Fig. 188). All are moderately microporphyritic 
rocks with up to 10% phenocrystic feldspar (An5 Or25) as 
1-2 mm euhedral laths. Sparse, euhedral microphenocrysts 
of clinopyroxene ( < I mm) are also present in most Kakiddi 
thin sections. The pyroxenes are commonly zoned from 
cores of clear , colourless ferrohedenbergite to rims of deep 
green, slightly pleochroic, sodic hedenbergite. The ground
mass is a holocrystalline mosaic of euhedral feldspar laths 
(Ans Or2S) surrounded by interlocking overgrowths of un
twinned alkali feldspar. Green sodic ferrohedenbergite, 

Figure 185. View west into Tennaya cirque. A steeply east
dipping wedge of Kakiddi trachyte pumice is plastered 
against the truncated remnants of Ice Peak flows that form 
the headwall. GSC 125 625. 
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Figure 186. Schematic block diagrams showing the relationship of clastic and pyroclastic deposits in Tennaya Valley 
to Edziza and Kakiddi flow remnants. (a) Initial eruption in the vicinity of Nanook Dome produces pyroclastic and debris 
flows that sweep down into upper Tennaya Valley. (b) Trachyte lava flows across the surface of the pyroclastic cone, 
and the upper part of Nanook Dome is emplaced during the final stages of activity. (e) Present relationship of pyroclastic 
and flow remnants following post-Kakiddi erosion and alpine glaciation. 
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aenigmatite and rarely blue, pleochroic arfvedsonite occur 
only in the groundmass. They are interstitial to the ground
mass feldspar and commonly form less than 5 % of the rock. 
Opaque oxides occur as tiny euhedra disseminated in the 
groundmass and rarely as embayed microphenocrysts. 

Probe analyses of representative minerals are reported 
in Table 17 and plotted on Figure 168. 

CHEMISTRY 

Figure 187. Looking east from Koosick Bluff at Punch cone, 
a pyroclastic pile of Kakiddi trachyte partly covered by drifts 
of Sheep Track pumice. GSC 125 626. 

Eight analyses of specimens from the Kakiddi Forma
tion are plotted on Figures 169 to 171 and three representa
tive analyses are listed in Table 18. All specimens plot 
within the potassic field of the Ab' -Ab-An diagram and 
show little scatter on the alkali vs . Si02 and AFM plots. 
The suite includes one tristanite, five trachytes and two 
slightly peralkaline, comenditic trachytes, but the actual 
range of chemical variation is small. The rocks of the 
Kakiddi Formation are chemically indistinguishable from 
those of the Edziza Formation. 
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a,b - Trachyte with microphenocrysts of alkali feldspar (kf) and clinopyroxene (px), (a, plane light; b, 
crossed polarizers). 

C, d - Comenditic trachyte with phenocrysts of ferrohedenbergite (px) and anorthoclase (kf), (c, plane light; 
d, crossed polarizers). 

Figure 188. Photomicrographs of Kakiddi rocks; scale bar 0.5 mm. 
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GENERAL GEOLOGY 
Introduction 

T he Big Raven Formation postdates the last episode 
of regional glaciation . It consists almost entirely of 

alkali olivine basalt and hawaiite plus a small volume of 
comenditic trachyte pumice that is assigned to the Sheep 
Track Member. The basalt issued from at least 30 satellitic 
vents that lie in a north-south zone extending from the north 
slope of Mount Edziza, south to Arctic Plateau (Fig. 189) . 
Although some centres produced a single, isolated pyroclas
tic cone and lava flow , most occur as clusters of related 
vents from which many separate flows have coalesced into 
a composite lava field. The sequence of eruptions in each 
field can be established from the superposition of flows, but 
the relative ages of flows and cones in different lava fields 
can only be approximated from their state of erosion . 

Weathering and vegetation cover vary with both age 
and elevation. On the lower slopes and in the valleys even 
the youngest flows have a sparse cover of stunted trees and 
shrubs, rooted in pockets of soil among the blocks of lava. 
Forest cover on the older flows is nearly as dense as that 
growing on basement rocks . Tree ring studies indicate that 
this vegetation, including poorly developed trees on the 
youngest flows, is at least as old as mature trees in the sur
rounding forest. Thus, lack of vegetation cover on the youn
ger flows is not due to destruction of the forest by the lava, 
but rather to the slow rate of reforestation on the soilless 
flow-surface (Fig. 190). Because even the oldest trees of the 
region are much younger than the youngest flows, it seems 
probable that the forest was completely destroyed by fire 
long after the last volcanic activity, and that sparse pioneer 
vegetation on the flows is at least as old as that in the mature 
forest. It may, in fact, be older, because sparse, isolated 
pockets of vegetation on the flow surfaces would be more 
likely to survive a forest fire than the relatively dense, con
tinuous mature forest. 

At higher elevations where growth rates are slower, the 
difference in plant populations on flows of different ages is 
even more pronounced than in the valleys. The surface of 
the oldest flows is partly covered by a thin layer of trans
ported soil that fills all depressions and supports a lush 
growth of alpine plants identical to that in the adjacent 
upland tundra. Only the larger features of the flows , the 
levees, tilted slabs and terminal ridges, form outcrops and 
the delicate outer rind of scoriaceous basalt and most of the 
small textural features have already been stripped from their 
lichen-covered surfaces . Flows of intermediate age support 
only isolated pockets of pioneer vegetation , and although 
they retain most of their original surface features , they are 
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more or less covered by lichen and caribou moss . In con
trast, the youngest flows are completely devoid of vegeta
tion, except for sparse patches of lichen . Their rough , 
blocky surfaces , strewn with precariously balanced slabs 
and spiny pinnacles of scoriaceous basalt, have remained 
virtually unchanged since the lava cooled (Fig. 191). Every 
detail of the original cooling surface, including fragile, 
paper-thin films and hairlike spines of glass , can still be 
found in protected depressions and on the underside of 
slabs. 

Like the flows , the associated pyroclastic cones have 
undergone varying degrees of erosion . The older cones are 
deeply dissected or reduced to formless mounds of red, 
scoriaceous rubble . Those of intermediate age retain their 
original form, but the fine tephra has been washed away, 
leaving only the larger bombs and agglutinated spatter. A 
few of the youngest cones retain their mantle of fine cinders, 
but intermittent meltwater streams have already cut rills and 
small meandering channels into its surface and carried away 
the thin outer edge of the surrounding tephra fields . 

In addition to differences in erosion and vegetation 
cover, the flows display minor differences in their original 
morphology. Blocky surfaces, formed of broken slabs up to 
several metres across, are the most common. They are 
characterized by very high surface relief. Levees, piles of 
upthrust slabs and steep terminal ridges are commonly from 
3-12 m high (Fig. 192). These contrast with the relatively 
smooth uniform surface of other flows, whose surface is a 
clinkery aggregate of subrounded scoriaceous chunks, 
rarely more than 0.5 m across (Fig. 193) . This latter type 
tends to have poorly developed levees and gently inclined 
flow fronts, suggesting a more fluid behavior. Least com
mon are ropy surfaces. They are locally developed near 
vents, but were not observed in the distal or middle portions 
of flows. 

All of the basalt erupted during Big Raven time is por
phyritic with from 15 to less than I % phenocrysts of 
plagioclase, olivine and clinopyroxene. The relative propor
tions of the three phenocrystic minerals , particularly oli
vine , also varies sufficiently to permit recognition of 
overlapping flows from different sources. 

Desolation Lava Field 

The Desolation Lava Field with an area of more than 
150 krn2 is the largest and most conspicuous of the young 
volcanic features on Mount Edziza (Fig. 194). It covers 
most of the north slope of the mountain with blocky basalt 
flows , tephra cones and wind-sculptured ash beds that 
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Figure 189. Geological map showing the 
present distribution of Big Raven basalt flows 
and pyroclastic cones. 
Cones on Desolation Lava Field are: 01t-1 (Sleet 
Cone) , 01t-2 (Storm Cone), 01t-3 to 01t-5 
(Triplex Cones), 01t-6 (Sidas Cone), 01t-7 (Twin 
Cone), 01f-8 (Moraine Cone), 01t-9 (Eve Cone) 
and 01f-10 (Williams Cone). 
Kana Cone is an isolated composite cone on 
the extreme north slope of the complex. 
East Slope centres are Cinder Cliff, Icefall Cone 
and Ridge Cone. 
Snowshoe Lava Field contains subglacial 
centres, SIf- 1 (Tennena Cone), SIt-2 and SIt-3 ; 
transitional centres SIt-4 to SIt-6, SIt-7 (Coffee 
Crater), SIt-8 ; subaerial centres, SIt-9, SIt-10 
(Cocoa Crater), SIt-11 and SIt-12 (The Saucer) . 
Walkout Creek centres comprise two small 
cones. 
Mess Lake Lava Field contains ML-1 , ML-2 and 
ML-3 (Ash Pit) . 
Arctic Plateau is the site of two isolated cones 
AL-1 (Nahta Cone) and AL-2. 
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Figure 190. Big Raven basalt at Buckley Lake. Sparse, stunted trees growing on the blocky flow surface 
are as old, or older, than trees in the adjacent, mature forest. Note sinuous levees and lava troughs left 
by flows descending the slope above the terminal flow lobes. Stereoscopic pair. Province of British Colum
bia photos BC 1373-64, 65. 
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issued from at least ten separate postglacial centres. The 
vents are clustered near the base of the main composite cone 
of Mount Edziza, at elevations above 4500 ft. (1370 m), but 
the flows extend down into Klastline Valley (elevation 2200 
ft. (670 m» and to the shore of Buckley Lake (elevation 
2700 ft. (820 m». 

Figure 191. Slabs of scoriaceous basalt thrust up onto a 
levee bounding a young Big Raven flow from Williams Cone 
in the Desolation Lava Field. GSC 125 627. 

Figure 192. Margin of a blocky hawaiite flow from Williams 
Cone. Levees and terminal ridges formed of broken slabs give 
such flows a surface relief of up to 12m. GSC 125628. 

216 

The sequence of eruptions (Fig . 194) based on superpo
sition of overlapping flows and, where no overlap occurs , 
on the degree of erosion and vegetation cover, shows no sys
tematic relationship to the location of the vents. Successive 
eruptions occurred more or less at random within a circular 
area about 6 km in diameter on the north slope. In addition 
to the ten Big Raven vents , the area includes a cluster of four 
preglacial or intraglacial cones assigned to the Klastline 
Formation. The morphology and composition of these cones 
is similar to that of the older Big Raven cones and all are 
probably part of the same volcanic cycle. However, the 
Klastline cones are covered by a layer of till which includes 
clasts of basement rock and must, therefore, be a recessional 
moraine deposited by retreating ice of the last regional glaci
ation . This till , which underlies all of the younger cones and 
flows, is taken arbitrarily as the stratigraphic boundary 
between Klastline and Big Raven lavas. 

Each of the ten pyroclastic cones and associated flow 
sequences which comprise the Desolation Lava Field dis
play minor differences that reflect both evolution of the 
magma and changing surface conditions during the period 
of activity. Informal names and numerical designations used 
in the following descriptions are keyed to Figure 194. 

Sleet Cone (DLF-l) and Storm Cone (DLF-2J 

Sleet and Storm cones, the two oldest in the Desolation 
Field, have been reduced to rounded, mostly soil-covered, 
conical mounds which retain only the gross features of their 

Figure 193. Clinkery surface of an alkali-olivine-basalt flow 
from Sidas cone. The total relief on such flows is relatively 
small and levees are either absent or poorly developed. Large 
mass in centre of picture is a rafted block of agglutinated 
spatter from the collapsed pyroclastic cone. GSC 125 629. 
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Figure 194. Lava flows and pyroclastic cones of the Desolation Lava Field on the north slope of Mount Edziza. The schematic 
diagram shows the relative ages of 10 pyroclastic cones in the Desolation Lava Field as inferred from superposition of 
flows and degree of erosion. Four glacially modified Klastline cones within the area of the Desolation Lava Field are separated 
from the Big Raven deposits by a layer of till. 
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original form (Fig. 195). Flows from both rest directly on 
till and are overlain by a thick wedge of outwash , sand and 
gravel. Locally, this covering layer is up to 9 m thick and 
it contains lenses of basaltic ash that originated from the 
cones themselves and were subsequently added to the load 
of fluvial sediments. Sleet Cone, with a summit elevation 
of 5844 ft. (1783 m), appears to consist entirely of red, oxi
dized subaerial tephra , bombs and spatter. Although it lies 

almost on the rim of precipitous cliffs forming the north side 
of Pyramid Valley , surprisingly little lava spilled into the 
valley itself. Except for two narrow tongues of basalt, one 
draped precariously over cliffs of older strata which form 
the valley wall, the entire mass of Sleet lava was diverted 
by prominent levees around the north side of the older 
edifice of Klastline cone where it spread onto the broad, 
gentle western slope of Klastline Valley. 

Figure 195. The glacially modified edifice of Storm Cone (lower right) is partly covered by alpine moraine 
above the trimline of the summit ice cap. The younger edifice of Williams Cone (upper left) is unglaciated 
and tephra from it covers part of the adjacent moraine. Stereoscopic pair. Province of British Columbia 
photos BC 1374-26,27. 
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Storm Cone, whose 7000 ft. (2135 m) summit is more 
than 1200 ft. (365 m) higher than Sleet Cone, may have 
erupted when the receding ice front was at an elevation of 
about 5500 ft . (1675 m). The subaerial tephra cone and 
associated flows rest on a pile of tuff-breccia and minor pil
low lava . Part of this is probably slide debris from the older 
tuff-breccia of nearby Pillow Ridge, but much of it contains 
appreciably more olivine than the Pillow Ridge basalt and 
is believed to be an early phase of the olivine-rich Storm 
Cone assemblage. The tuff-breccia consists mostly of 
lapilli, cinders and small blocks of dark grey, frothy basalt 
in a brown matrix of sideromelane and crystals. It is com
monly well bedded, but attitudes are completely random 
from one outcrop to another, suggesting that it is a pile of 
rotated slump blocks . The tuff-breccia was probably 
deposited in meltwater temporarily ponded around the vent 
during the initial phase of Storm Cone activity. Much of it 
must have been deposited on relatively thin ice which, on 
melting, allowed the bedded tuff-breccia to collapse into a 
disorganized pile of slump blocks. Ultimately, the melt
water lake drained through a breach in the enclosing ice and 
exposed the jumbled blocks of tuff-breccia on which subse
quent eruptions from the Storm Cone centre built the pres
ent, subaerial, tephra cone. During this latter phase, 
subaerial lava flows streamed across the irregular surface 
of the tuff-breccia and spread onto the plateau surface for 
more than 10 km beyond the breached ice front. Paraglacial 
streams pouring out of the receding ice cap continued to 
deposit fans of gravel and sand after the Storm Cone erup
tions had ceased, and ash thrown onto the ice cap during the 
eruption was rapidly flushed off and added to the sediment 
load. The edifice of the pyroclastic cone and lava ridges 
down to an elevation of about 5500 ft . (1675 m) project 
above the outwash plane, but flows at lower elevations were 
covered by up to 10m of outwash deposits before the next 
major eruption of Desolation basalt. 

Figure 196. The deeply eroded remnants of Triplex Cones 
form the three low, circular mounds in the middle distance. 
Flows from Williams Cone have been diverted around one of 
them and the other two are surrounded by the soil-covered 
surface of Triplex flows. The symmetrical cone in the back
ground is Eve Cone. GSC 202469-L. 
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Triplex Cones (DLF-3 to DLF-5) 

Lava from a group of three closely related centres 3 km 
north of Storm Cone rests on ash-bearing outwash gravel 
deposited after the Storm Cone eruption. The coalescing 
lava forms a c1inkery, partly soil- and lichen-covered sur
face which extends northwesterly from the cones at 5800 ft . 
(1770 m) for more than 12 km, almost to the south shore 
of Buckley Lake. The three pyroclastic cones at their source 
have been reduced to circular mounds on which the only 
remnants of their original structure are low concentric 
ridges of agglutinated spatter and bombs of red , oxidized 
basalt (Fig. 196). A tongue of frothy black basalt occupies 
a breach on the north side of the two highest cones (DLF-4, 
DLF-5), whereas the vent area of the third cone has been 
completely buried by lava flows. 

Sidas Cone (DLF-6) and Twin Cone (DLF-7) 

Lava flows from Sidas Cone and Twin Cone, situated 
respectively on the extreme north and west margins of the 
cluster of Desolation vents, do not overlap, but similar ero
sion and vegetation cover suggest they are approximately 
the same age. The Sidas Cone flows overlie those from 
Triplex Cones , whereas the Twin Cone flows are isolated 
from older Desolation lava flows and rest directly on post
Storm Cone, glacial-fluvial gravel. Both Twin and Sidas are 
complex cones formed by simultaneous fountaining from 
more than one vent and both produced relatively thin mobile 
flows of sparsely porphyritic, feldspar-olivine-pyroxene 
basalt characterized by c1inkery surfaces having relatively 
low relief. 

The edifice of Twin Cone (Fig. 197) is a breached 
pyroclastic cone of which only the northwestern half 
remains, the southeastern side having slumped away. In its 
place is a steep-sided lava dome comprising overlapping fes
toons of smooth , ropy basalt which dip radially outward at 
25-30°. The lava pile is pockmarked with pit craters about 
100 m across and up to 12 m deep. These, like much of the 
outer part of the dome, are lined with smooth overlapping 
lobes of lava draped toward the centre of the depression . 
These structures are believed to have formed by withdrawal 
of lava from the central conduit through lava tubes lower 
in the pile during collapse of the enclosing pyroclastic cone. 
Superimposed on the lava dome are two pairs of small spat
ter cones, each about 15 m high , with symmetrical summit 
craters 6-9 m deep. These mark the final stage of Twin Cone 
activity and all four conelets appear to have formed during 
the same fountaining event. 

Sidas Cone (Fig. 198) is a composite of two overlapping 
cones which have merged into a single, elliptical mound of 
tephra containing two conical summit craters. These are 
separated by a narrow septum of agglutinated spatter , and 
each has breached the opposite rim of the cone, thus effec
tively splitting it longitudinally (north-south) into two, 
nearly symmetrical halves. The fact that both craters are still 
intact indicates that they were formed by simultaneous fire 
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fountaining during the latter stages of eruption. The Sidas 
Cone lava also issued from two separate vents on opposite 
sides of the tephra cone. That issuing from the northern vent 
was channelled by prominent levees into a well-defined 
stream which flowed northwest directly downslope. Lava 
from the south vent was initially ponded behind the edifice 
of Sidas Cone itself, and an adjacent, older cone (KI) of 
Klastline age . It welled out to form a low dome of overlap
ping lobes before streaming southwesterly around the 
obstructions and merging with the northern lobe. 

The combined discharge from the two Sidas Cone vents 
formed a lava field about 1.5 km wide which extends more 
than 8 km from its source, almost to Buckley Lake. Except 
for levees near its source, the lava surface has relatively low 

Spatter cones 

Lava dome 

~ .. 

relief. Its surface is a jumble of clinkery rubble in which the 
rough, nearly spherical blocks are rarely more than 0.6 m 
across. The lava, throughout the entire field, is extremely 
uniform medium grey, sparsely porphyritic basalt with 
small phenocrysts of clear plagioclase in ragged, crudely 
aligned crystals up to 0.5 cm long, and tiny, rare crystals 
of olivine and clinopyroxene . 

Sparse but widely distributed accretionary lava balls are 
characteristic of the Sidas Cone lava field (Fig . 193) . These 
giant blocks up to 10m across have cores of bright red , well
bedded agglutinated spatter , bombs and lapilli more or less 
covered by an outer rind of lava . They clearly originated 
as blocks torn from the pyroclastic cone and were rafted to 
their present positions on the flow surface. The outer rind 

Pyroclastic cone 
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Figure 197. Stereoscopic pair and sketch map of Twin Cone showing the relationship between the trun
cated pyroclastic cone, the lava dome, and the two pairs of younger spatter cones. Province of British 
Columbia photos BC 1367-9, 10. 
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Figure 198. Stereoscopic pair and sketch map of Sidas cone. The pyroclastic cone contains 
two craters which must have formed by simultaneous fountaining from two adjacent vents. Sidas 
cone, and lava that issued from its north and south flanks, have partly overriden two nearby cones 
of late Klastline age. Province of British Columbia photos BC 1374-30, 31. 
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of lava must have adhered to them after the blocks slumped 
from the collapsing cone into molten streams of lava issuing 
from the vent. There is no evidence that they were further 
modified during as much as 4 km of transport on the clink
ery flow surface. The presence of these blocks, scattered 
across the length and breadth of the Sid as Cone lava field, 
suggests that the partial collapse of the pyroclastic cone 
occurred several times during the course of the eruption. 
Breaching of the two present craters by upwelling lava or 
phreatic explosions was probably only the most recent in a 
succession of events that periodically destroyed parts of the 
growing cone, and added blocks of pyroclastic debris to the 
outpouring streams of lava. 

Figure 199. Agglutinated spatter and COW-dung bombs in 
the central part of Moraine Cone. GSC 202469-M. 

Figure 200. Steeply inclined, overthrust slabs of vesicular 
basalt and rafted block of agglutinated spatter on the surface 
of the most recent flow from Williams Cone. GSC 125 630. 
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Moraine Cone (DLF-8) 

Moraine Cone is the most southerly and, at nearly 7000 
ft (2135 m), the highest of the Desolation vents. Its edifice 
has been almost completely destroyed by alpine glaciation 
and most of the remainder is covered by marginal moraine 
flanking tongues of ice projecting from the central ice cap. 
Only the northwestern margin of the pyroclastic cone and 
its breached northern side project beyond the recent glacial 
cover. The cone consists almost entirely of coarse bright red 
agglutinated spatter and large globular and cow-dung bombs 
(Fig . 199). A breach in the north side exposes the ropy, 
unglaciated surface of the last lava to issue from the vent. 
Similar ropy surfaces are present on most of the slabs that 
characterize the blocky lava field which spreads northeast 
from Moraine Cone onto the northeastern slope of the 
mountain. Although the cone has been largely overridden 
by recent alpine glaciers, it does not exhibit any ice contact 
deposits such as those associated with Storm Cone. Thus, 
between Storm Cone and Moraine Cone activity, the central 
ice cap must have receded above its present limits . A pocket 
of pillow lava at the base of the Moraine Cone flow, where 
it spreads out onto the plateau surface (elevation 5200 ft. ; 
1585 m), probably formed where the lava entered a small 
lake and not as an ice-contact deposit. The proximal part of 
the Moraine Cone lava field rests on glacial-fluvial gravel 
and is partly covered by outwash deposits of fine gravel and 
sand which separate it from younger lavas and ashbeds of 
Williams Cone. The more distal portions rest directly on 
older colluvium or bedrock, and no younger deposits have 
accumulated on its blocky, unglaciated surface . The main 
lava stream enters the valley of Kakiddi Creek, 3 km above 
its junction with Klastline River and extends along the valley 
into Klastline Valley itself. Thus, both Kakiddi Creek and 
Klastline River were temporarily ponded behind dams of 
Moraine Cone lava . Both streams have subsequently etched 
new channels around or through the barriers, exposing beds 
of lacustrine silt in small terraces upstream from the lava. 

Eve Cone (DLF-9) and Williams Cone (DLF-10) 

Eve Cone and Williams Cone are the two youngest 
eruptive centres in the Desolation Lava Field. Both have 
produced about the same volume of porphyritic basalt 
(hawaiite) with abundant plagioclase and sparse phenocrysts 
of olivine and pyroxene. Flow surfaces have extremely high 
relief characterized by intertwined lava troughs flanked by 
sharp-crested levees up to 6 m high. The surface is a jum
bled mass oflarge, precariously balanced blocks and tabular 
chunks of the original lava crust. The latter are commonly 
thrust one over another to produce stacks of warped, steeply 
inclined slabs of vesicular basalt (Fig. 200). Lava has com
pletely drained from many of the troughs in the proximal 
part of the flows leaving only thin broken remnants of the 
scoriaceous crust which collapsed between the levees that 
contained the flow. 



Eve Cone (Fig. 201) is a perfectly symmetrical 
pyroclastic cone that rises 150 m above the plateau surface 
to a circular, sharp-edged summit crater about 45 m deep. 
Its outer surface is a loose aggregate of bombs, cinders and 
ash which lie at the angle of repose (about 35 °) . Along the 
rim and steep inner face of the crater , the bombs and bright 
red agglutinated spatter are lightly welded into a porous but 
cohesive mass with crude outward dipping bedding (Fig. 

Figure 201. Eve Cone, a symmetrical pyroclastic cone that 
rises 500 ft. (150m) above the surface of the Desolation L.ava 
Field. GSC 125631. 

Figure 202. Crudely bedded, agglutinated spatter and 
bombs exposed in the crater wall of Eve Cone. GSC 
202469-N. 
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202). A sharply defined colour difference, clearly visible on 
air photos separates the northern and southern halves of the 
cone. The northern half is covered with relatively fine, dark 
grey cinders and bombs, whereas the southern half is 
predominantly red , oxidized bombs and coarser clinkery 
spatter similar to that forming the steep inner walls of the 
crater. This may be due in part to deposition of a greater 
thickness of fine relatively cool tephra on the north side of 
the cone during the waning stages of activity. However, the 
south side has clearly been more deeply eroded . The dark 
tephra beds are truncated at the colour boundary and appear 
to have been stripped from the south face of the cone. 
Preferential wasting of the south slope is probably due to 
more extreme and more frequent temperature changes, and 
hence to accelerated frost wedging and solifluction . 

Most of the Eve Cone lava appears to have issued from 
vents around the base of the cone, particularly on the south
east side where overlapping tiers of lava lobes form a broad 
buttress that stands almost 30 m above the general level of 
the surrounding lava field . Except for the mixed tephra of 
the cone itself, ash from the Eve Cone eruption has been 
completely stripped from the surrounding plateau. The 
proximal flows and the base of the cone support a sparse 
cover of pioneer vegetation and lichen . 

Williams Cone (Fig . 203), over 900 ft. (275 m) high 
and 1.2 km across at the base, is the largest and youngest 
pyroclastic cone in the Desolation Lava Field. Its western 
side has slumped away leaving a large, steep-sided 
amphitheatre, within which a smaller cinder cone and 
several lava vents formed during the final stages of activity. 
Part of the debris from the main collapsed cone has piled 
up in mounds of rubble west of the breach, but much of it 
must have been rafted away on the lava flows . One such 
block, about 9 m across, is lodged in the narrow cleft 
between the inner rim of the main breached crater and the 
secondary, nested cone . It is half submerged in the steeply 
inclined stream of solidified lava and its core of bedded, 
agglutinated spatter and bombs, is encased in a 0.5 m rind 

Figure 203. Looking east into the breached crater on the 
western side of Williams Cone. GSC 202469-0. 
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of similar lava (Fig. 204) . The block, obviously broken 
from the walls of the adjacent cone, was being rolled along 
by the stream of lava when the eruption ceased and it came 
to rest in its present position. 

Lava from several vents on the north and east base of 
Williams Cone merged with that from the breached central 
crater to form a broad stream of lava about 1.5 km wide and 
13 km long. Unlike Eve Cone, much of the fine ash that set
tled on the lee side of Williams Cone is still present, indicat
ing that it is the younger. The original tephra plume must 
have blanketed most of the plateau surface northeast of the 
cone but the fine, distal portion has been almost completely 
washed away. A few small patches of unconsolidated tephra 
comprising 1-3 mm particles of black frothy scoria occur 
up to 9.5 km northeast of the vent. Both grain size and thick
ness increase toward the source, and proximal beds of 
iridescent black frothy cinders 5-20 mm across are up to 4.5 
m thick at the base of the cone. The base of the tephra is 
exposed in the banks of small streams northeast of the cone 
where it rests in a mature paleosol (Fig. 205). The charred , 
but still flexible stalks of alpine willow project into the lower 
few centimetres of tephra and a dense mat of roots is still 
preserved in the underlying paleosol. A 14C date of 1340 ± 
130 BP was obtained on willow twigs preserved within the 
tephra. 

Kana Cone 

Kana Cone is the most northerly vent of the Mount 
Edziza Volcanic Complex (Fig. 189). It is mainly covered 
with vegetation but its original circular form is well 

Figure 204. Accretionary lava ball partly submerged in a 
solidified stream of lava on the breached, western flank of 
Williams Cone. Agglutinated spatter and bombs, forming the 
core of the lava ball, are part of the pyroclastic cone which 
collapsed into the stream of lava and became coated with a 
rind of molten basalt. GSC 202469-P. 
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Figure 205. Paleosol with roots and charred twigs of alpine 
willow beneath basaltic tephra on the lee side of Williams 
Cone. GSC 125 632. 

preserved, and outcrops of brick red agglutinated spatter 
and bombs are exposed along its crest and within the central 
crater . The edifice is about 200 ft. (60 m) high with a conical 
summit crater about 20 m deep which is breached on the 
north. Red, highly scoriaceous lava within the breach is con
tinuous with flows that fan out onto the slope below the cone 
and extend down into Klastline River valley. The lava 
appears to have issued in several pulses, each giving rise to 
a new set of marginal levees and terminal ridges (Fig. 206). 
The latter are 4.5-7.5 m high and form a series of terrace
like steps on the slope below the cone. Fresh lava was 
diverted around the terminal ridges of preceding flows, 
forcing the field to grow wider with each successive erup
tion. One lobe, diverted eastward around the growing pile 
and contained by high levees, flows almost normal to the 
original slope and enters Klastline Valley more than 5 km 
upstream from the main western lobe. 

Both the eastern and western lobes of lava from Kana 
Cone flowed around flat-topped , erosional remnants of 
Klastline lava , which previously flooded the old valley, and 
advanced into the new channel, forcing the river tight 
against the northern valley wall. Above each of these 
obstructions, the river began to aggrade its course, forming 
a broad floodplain of gravel bars across which the present 
river meanders. On and below these dams the displaced 
river rapidly incised a new channel around or through the 
lava. On the narrow tongue of lava that extends down Klast
line Valley from the western lobe , the river was initially 
confined by the Java levees themselves and began to etch its 
new course into the centre of the flow. The resulting box
canyon exposes up to 20 m of columnar basalt in cross
section , yet the scoriaceous blocky surface of the flows and 
levees bounding the canyon walls are scarcely modified by 
erosion . 
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No mineralogical vanatlOn was observed within the 
Kana Cone pile. It is uniform porphyritic basalt with 10 to 
IS% phenocrysts of clear feldspar (3-S mm), black pyrox
ene (2-3 mm) and olivine (1-2 mm) in a medium grey, fine 
grained groundmass. Open vesicles are present in all of the 
flows examined, including the lower part of those exposed 
in cross-section. 

East slope centres 

At least three satellitic centres on the deeply dissected 
eastern slope of Mount Edziza postdate the present topogra
phy (Fig. 189) . They are isolated from one another and from 
the large lava fields of the north and south slopes, but their 
lithology, feldsparphyric olivine basalt with many open 
vesicles, is typical of Big Raven basalt. Because of their 
location on the eastern face of the mountain with its active 
alpine glaciers and unstable, oversteepened slopes, both the 
cones and flows have been relatively deeply eroded and 
extensively covered by glacial , fluvial and landslide 
deposits. 

The Cinder Cliff (Fig. 207) is a 700 ft. (210 m) high 
barrier of thin, slaggy olivine basalt flows, scoria and tuff
breccia in the north fork of Tenchen Creek. The pile fills 
the narrow western part of the valley to a depth of about ISO 
m. It is truncated on the east by steep rubbly cliffs and no 
remnants of more distal flows appear farther downstream, 
suggesting that the lava was ponded in the upper part of the 
valley behind an ice dam. The base of the pile includes 
mixed deposits of ash, tuff-breccia and glacial-fluvial 
gravel. Pockets of gravel as well as isolated stream boulders 
are present in the tuff-breccia , probably dumped in from the 
ice surface during the initial stages of eruption and melting. 
Quench features, including pillows and splays of small 
diameter columns are present, along with sideromelane tuff
breccia, in the lower IS-30 m of the pile. Above that, the 
Cinder Cliff consists entirely of rubbly subaerial flows and 
scoria. Thus, the initial body of meltwater must have 

Figure 207. The Cinder cliff, a 700 ft. (210 m) high barrier 
of thin, slaggy basalt flows ponded in the north fork of Ten
chen Creek valley. Ridge in background is Nido subaqueous 
tuff breccia. GSC 202469-0. 
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drained away down the valley fairly soon after the onset of 
activity . Subsequent lava, protected from the ice by an 
insulating layer of ash and rock debris, must have partly 
overridden the upper edge of the ice dam (Fig. 208) . 
Quenching must have occurred at the distal end of these 
supraglacial flows where the lava streams passed onto the 
ice surface, but in the proximal part of the pile that is now 
exposed, the upper part of the section has no water contact 
features. The present escarpment of Cinder Cliff is probably 
not the location of the ice barrier but rather the point at 
which the lava overrode the glacier and subsequently col
lapsed into rubble when the ice core melted. 

Above the Cinder Cliff, the lava along with any cinder 
cone that may have been developed there, is completely 
covered by recent alpine moraine and active talus, but above 
the talus the white slopes of Pyramid rhyolite are cut by 
feeder dykes of olivine basalt. These stand out as prominent 
spiny ribs of black scoriaceous basalt up to 2 m wide and 
3 m high (Fig. 209). The dyke rock contains numerous 
inclusions of angular to subrounded rhyolite up to 0.3 m 
across . These exhibit varying degrees of partial melting and 
are completely surrounded by a red reaction rim. Similar, 
but much less abundant inclusions, are also present in most 
of the Cinder Cliff flows. They are probably of surficial 
rather than deep-seated origin, having slid into the lava from 
the steep talus-covered valley walls . Inclusions in the dykes 
are also believed to be from talus or moraine through which 
the dykes cut. This also explains why the relatively fragile, 
easily eroded scoriaceous basalt of the dykes now stands in 
high relief on the relatively competent rhyolite of the wall 
rock. The exposed portion of the dykes must originally have 
been contained by a layer of rocky colluvium which has 
since eroded away. 

The valley glacier that formed the Cinder Cliff ice dam 
was tributary to a much larger valley glacier which extended 
down Tenchen valley and spread out into a broad terminal 
lobe in Kakiddi Creek valley. Moraines and other features 
associated with this lobe of ice have been almost completely 
buried by epiglacial outwash which forms a huge, kettled 
alluvial fan that has forced Kakiddi Creek against the oppo
site valley wall. However, a small kame field north of the 
fan, on the east side of Kakiddi Creek, has escaped subse
quent erosion and burial. It is a nearly flat, elliptical area 

a - Initial eruption from vents on the valley wall and deposi
tion of tephra on the glacier. 

b - Advance of lava flows across the tephra and melting of 
underlying ice. 

e - Collapse of lava, ash, and residual ice in lower part of 
valley. 

d - Advance of glacier in upper part of valley and deposition 
of alpine moraine on top of the Cinder cliff. 

Figure 208. Series of schematic cross-sections showing 
the inferred relationship of the Cinder cliff to residual ice in 
the north fork of Tenchen Creek valley. 
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Figure 209. Feeder dyke of scoriaceous basalt cutting 
Pyramid rhyolite on the slopes above the Cinder cliff. GSC 
202469-R. 

of about 1.3 km2 dotted with clusters of circular mounds 
from 15-30 m across and up to 9 m high. Material in the 
mounds is mainly fine ash and cinders, probably thrown 
onto the ice from the Cinder Cliff vent , carried to their pres
ent location as pockets on the ice surface, and deposited as 
kames when the glacier stagnated and finally melted. If this 
was the source, then the valley glacier must have persisted 
long enough after the Cinder Cliff eruption to transport their 
load of superincumbent ash for at least 6.5 km. 

The remains of two additional young, satellitic centres 
are preserved high on the eastern rim of Ice Peak. Both are 
at an elevation of about 7500 ft. (2285 m), near the steep 
headwalls of active cirques and consequently they have been 
greatly modified by recent alpine glaciation , rockfalls and 
slumping. Icefall Cone (Fig. 189), on the northeast spur of 
Tennaya Cirque, has been completely overridden by glacier 
ice and its surface covered by moraine. Gullies on the south 
side expose red, loosely agglutinated spatter and bombs, 
associated with thin, slaggy flows of olivine basalt. Ridge 
Cone (Fig. 189), on the western rim ofIdiji Cirque, has also 
been glaciated and is now almost completely covered by per
manent snow. A section through its eastern edge, along the 
crest of the headwall, exposes beds of agglutinated spatter, 
bombs and cinders alternating with slaggy flows of vesicular 
basalt, in which the olivine , like that near other Big Raven 
vents, has been altered to dull red iddingsite . 

Flows originating from these two centres have been 
almost completely covered by glacier ice, moraine, talus 
and fluvial gravel. Two small tongues of vesicular olivine 
basalt which project from beneath Tenchen Glacier onto the 
flat surface at the western end of Sorcery Ridge, are 
bel ieved to be part of a lobe which spreads south from Ridge 
Cone. However, most of the lava from both Ridge and 
Icefall must have cascaded down the steep east-facing head
walls into Tennaya Valley . The only exposure of these prox
imal flows is a small bluff below Icefall Cone where three 
thin flows of scoriaceous olivine basalt appear to rest on, 
and are completely surrounded by, moraine. Similar basalt 
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appears 4 km farther downstream where a blocky, scoria
ceous flow surface first projects through the thick layer of 
colluvium filling the upper part of the valley. From there 
it is intermittently exposed for another 6.5 km, almost to 
Kakiddi Lake . It occupies a narrow, wedge-shaped notch 
eroded along the north edge of the older, and much thicker 
flow of Kakiddi trachyte which previously flooded the val
ley (Fig. 210). The lower 2 km of the basalt flow are well 
exposed, revealing prominent, sharp-crested levees up to 
7.5 m high and a blocky to slaggy unglaciated surface. The 
source of this flow is unknown. It could be from the Ridge 
or Icefall centres but it is more likely from some undisco
vered source within the valley itself. A rounded hill now 
completely covered with surficial deposits occupies the val
ley bottom a short distance below the trimline of Tennaya 
Glacier. It may be the remains of a cinder cone and the 
source of the flow. 

Snowshoe Lava Field 

Blocky basalt flows, scoria and tephra cones of the 
Snowshoe Lava Field cover an area of about 40 km2 on the 
southwestern flank of Ice Peak (Fig. 211) . Although 
approximately the same age as the Desolation Lava Field, 
much of the surficial detail of the Snowshoe Lava Field is 
obscured by air-fall pumice of the Sheep Track Member 
which blankets the cones and most of the upper flows. The 
lava issued from a cluster of vents , mostly above 6000 ft. 
(1800 m), which lie near the lower edge of broad, platter
shaped glaciers projecting radially from the central ice cap. 
The glaciers have receded from well defined trimlines 
which lie up to 0.5 km beyond the present ice front and sug
gest that the ice surface during its maximum advance was 
90-150 m above its present level. Snowshoe volcanic activ
ity began during the climax of this glacial period , and so the 
early eruptions produced mainly subaqueous, ice-contact 
deposits. Volcanism continued during retreat of the ice, 
producing a group of transitional piles with both subaqueous 
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Figure 210. Cross-section of lower Tennaya Valley show
ing the relationship of Big Raven basalt flows to an older 
trachyte flow of Kakiddi age. 
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Figure 211. Lava flows and pyroclastic cones of the Snowshoe Lava field on the southwestern flank of 
Mount Edziza_ Fluvial deposits and Sheep Track pumice have been omitted for clarity_ The schematic dia
gram shows the age relationships of 12 eruptive centres in the Snowshoe Lava Field as inferred from super
position of flows, vegetation cover and degree of erosion. Subglacial cones consist entirely of pillow lava 
and sideromelane tuff-breccia; transitional cones have quench features only at their bases; and subaerial 
cones have no associated quench features, 
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and subaerial facies, and culminated with subaerial eruption 
of the most recent pyroclastic cones and flows. Twelve 
eruptive centres have been identified of which all but one 
are associated with a pyroclastic cone (Fig. 211). The 
exception (SLF-12) is a low circular dome of basalt where 
lava appears to have welled to the surface without accom
panying fire fountaining. 

Much of the Snowshoe lava was ponded in broad, thick 
sheets on the gently sloping surface of the surrounding 
plateau where the lava front is commonly bounded by levees 
up to 12 m high. A small amount spilled over into valleys 
on the east and north slopes, sending thin streams of lava 
into narrow tributary valleys of Walkout and Shaman 
creeks. The main body of the lava field converged into the 
head of Taweh Creek, to form a single thick tongue of lava 
which formerly extended beyond the junction with Sezill 
Creek, almost to Mess Creek, a distance of more than 15 km 
and a vertical drop of3000 ft. (914 m). A second major flow 
over 2 km wide, spread from Cocoa Crater northwesterly 
across the plateau and spilled into the steep-sided upper can
yon of Sezill Creek. 

All of the Snowshoe lava is porphyritic basalt with 
varying proportions of plagioclase, olivine and clinopyrox
ene phenocrysts. The oldest phases tend to be least por
phyritic, with about equal proportions of the three 
phenocrystic minerals. Transitional phases are commonly 
picritic with up to 15% large (±4 mm) olivine crystals 
forming the dominant phenocryst mineral, whereas the 
youngest phases are feldsparphyric with only minor olivine 
and clinopyroxene. In addition small spherical clots of 
loosely aggregated plagioclase, olivine and pyroxene are 
present in all the transitional and young phases, and basalt 
from one of the centres contains numerous, partly fused 
inclusions of coarse grained felsic rock. 

Figure 212. Tennena Cone, a subglacial pile of pillow 
basalt and sideromelane tuff-breccia high on the western 
flank of Ice Peak. GSC 125 633. 
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Subglacial centres (SLF-l to SLF-3) 

The main edifice of Tennena Cone (SLF-l) is a nearly 
symmetrical, black pyramid that rises about 500 ft. (150 m) 
above the present ice surface (Fig. 212). A smaller crescent
shaped nunatak (SLF-2) 1.5 km farther south, is either an 
extension of the main Tennena pile or part of a closely 
related satellitic cone. Both consist entirely of highly vesicu
lar quenched basalt, occurring either as pillows or bulbous 
lava toes with concentric trains of small spherical vesicles, 
central gas cavities, and thin outer rinds of resinous black 
glass. Large slabs of similar, porous, quenched basalt form 
linear ridges on the associated lava flows, and frothy cinders 
of glass occur in pockets between the pillows and slabs. A 
narrow septum of moraine and isolated outcrops of pillow 
lava extend west from the base of Tennena Cone to the out
ermost, terminal moraine of the western trimline. The cen
tral rib of this medial moraine consists entirely of small 
slabs, blocks and cinders from the pile of pillow lavas, 
whereas the lower part, like the terminal moraine, includes 
a mixed assemblage of older Ice Peak rocks. A thin reces
sional moraine between the trimline and the present ice is 
also a mixed assemblage which rests on a polished and stri
ated pavement of pillow basalt. Unglaciated pillow lava 
forms thin flow tongues that extend about 1 km beyond the 
terminal moraine into the upper part of Sezill Creek canyon. 
Although their surface is partly covered with colluvium and 
alpine vegetation, the pillowed structure of these flows is 
still clearly visible. Despite the presence of quenched struc
tures throughout their entire length, the flows are relatively 
thin (2-4 m) and they follow small depressions in the exist
ing terrain, suggesting a relatively high mobility. 

The base of the pillow-flow is exposed in several stream 
cuts near the terminal moraine (Fig. 213) and also, in upper 
Sezill Creek which has cut a narrow, 6 m deep, box canyon 
across the distal end of the flow. The flow is commonly 

Figure 213. Pillow-flow from Tennena Cone. The bulbous, 
pillow-like structures rest on steeply west-dipping tuff-breccia 
and debris-flow deposits west of the trimline that marks the 
edge of the ice during eruption of Tennena Cone. GSC 
125634. 



underlain by west-dipping, brown, well-bedded, waterlain 
tuff-breccia comprising blocks and irregular globules of 
vesicular basalt in a granular , sideromelane matrix . In many 
places the tuff-breccia contains stream-rounded cobbles and 
pebbles of older rock , and locally it is interlayered with 
glacial-fluvial gravels and mudflow deposits . 

The initial eruption must have produced a relatively 
small volume of tuff-breccia and also thawed a spillway 
through which subsequent lava and meltwater were chan
nelled beyond the western edge of the ice. The mobility of 
the Tennena flows was due in part to the steepness of this 
spillway , which drops from a summit elevation of 7700 ft. 
(2345 m) to 5000 ft. (1525 m) in 4 km. Despite the presence 
of copious amounts of meltwater, streams of molten basalt 
were obviously capable of flowing this entire distance with
out being quenched . It seems likely that the lava was chan
nelled through thin-walled lava tubes which provided 
sufficient insulation to keep large, rapidly-moving lava 
streams from cooling and becoming too viscous to flow . 
Only those lava streams above some critical size, and hence 
some minimum thermal mass, were able to sustain flowage. 
Thus, the smaller buds that grew from the advancing flow 
front were quenched to form tubular pillows, while those 
more than a 1-2 m across continued to serve as conduits for 
the lava moving toward the advancing front. These trunk 
streams appear to have continued to flow and divide into 
small terminal lobes until the entire mass was made up of 
tubular pillows of about the same size. The only direct evi
dence of large distributary lava streams are ridges of 
quenched, porous basalt slabs believed to be the collapsed 
outer rinds of lava tubes . 

Partly fused inclusions of felsic rock are locally abun
dant in the Tennena pile. They range from a few millimetres 
to 20 cm across, and in shape from diffuse, schlieren-like 
lenticles to subrounded or angular clasts with sharp, well 
defined margins. Fine- and coarse-grained inclusions may 
occur in the same outcrop and grain size is independent of 
the size of the inclusion. Both types have a white matrix of 
interlocking quartz and feldspar grains enclosing irregular, 
open cavities lined with resinous black glass. The diameter 
of the cavities ranges from less than 1 mm in the fine grained 
inclusions to more than I cm in the coarse grained inclu
sions. The remarkable similarity between these inclusions 
and those in the Pillow Ridge pile, 10 km farther north, sug
gests a similar origin, yet Pillow Ridge predates the Edziza 
trachyte , whereas the Tennena pillow lava is clearly youn
ger than the adjacent flows of Kakiddi trachyte. 

The crescent-shaped ridge of SLF-3 is exposed at the 
southern terminus of Tencho Glacier . The entire pile has 
been overridden by alpine glaciers and its northern part is 
buried by ice and alpine moraine. It consists entirely of 
crudely bedded sideromalene tuff-breccia and quenched 
flow-fragments , and it has no clearly defined crater or cen
tral edifice. The pile is believed to be a glacially modified 
tuff-ring which formed in a meltwater lake when Tencho 
Glacier extended onto the plateau, beyond its present trim
lines . The different morphology of the Tennena and SLF-3 
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piles is probably due to ditterences in the slope of the under
lying surface. Both lava and meltwater were channelled 
down the steep slope away from the Tennena vent , whereas 
the flat plateau surface at SLF-3 permitted the ponding of 
a meltwater lake in which the tuff-ring formed . 

Transitional centres (SLF-4 to SLF-8) 

Five pyroclastic cones in the Snowshoe complex 
include both subaqueous and subaerial ejecta and are consid
ered to be transitional between the completely quenched 
piles and the younger, subaerial cones and flows which form 
the present surface of the field. Two of these, SLF-4 and 
SLF-5, lie inside the alpine trimlines, on the southwestern 
edge of the central ice field. They have been overridden by 
the ice, and reduced to low, drumlin-like ridges . The other 
three, SLF-6, SLF-7 and SLF-8, lie a short distance beyond 
the terminal alpine moraine. They are unglaciated and, 
although they retain their original conical form and their 
central craters are still intact , they have been sufficiently 
dissected to expose part of the inner structure. The basal part 
of each of the five cones is brown, sideromelane tuff
breccia . This is conformable with, and overlain by, concen
tric, outward-dipping beds of red, highly oxidized, 
subaerial cinders, agglutinated spatter and bombs which 
form the upper, subaerial, part of the cones . 

Flows from these centres are largely covered by youn
ger basalt and thick beds of unconsolidated Sheep Track 
pumice , making the correlation of isolated outcrops 
difficult. However, numerous small watercourses have 
removed the younger cover and locally cut through the 
underlying flows. In most exposures the lava from this 
group rests on either tuff-breccia , till , glacial fluvial gravel, 
or lahar deposits, all of which include a high proportion of 
reworked ash and cinders from the basalt itself. Also, clastic 
and pyroclastic deposits commonly occur as irregular layers 
and lenses between successive flows (Fig . 214). 

The tongue of lava which extends southwestward from 
Coffee Crater (SLF-7) is bounded by a prominent, 18 m 
high escarpment along the northern edge of its terminal 
lobe. The upper part exposes a single, 15 m thick flow 
which, toward the edge of the escarpment, divides into 
several lava toes, each with radial jointing . Projecting from 
the escarpment at right angles , are three short 3-6 m high 

11 m . 
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Figure 214. Sketch showing interdigitation of alpine till and 
tuff-breccia with quenched flows from SLF-5 near the trimline 
of Tencho Glacier. 
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transverse ridges of similar basalt forming fractured lava 
toes, pillows and minor tuff-breccia. The main escarpment 
appears to be an ice contact against which the flow was 
ponded, thus accounting for its great thickness. The small 
transverse ridges probably originated as tongues of lava that 
projected onto the glacier surface and collapsed to their 
present position as the ice melted (Fig. 215). 

The relative ages ofthe five transitional cones and flows 
have been estimated from their morphology, lichen cover 
and degree of glaciation (Fig. 211), but extensive ash cover 
has obscured all but a few flow contacts. Also, all of the 
lava is similar olivine-rich basalt with large (3-5 mm) crys
tals of olivine forming up to 15 % of the rock volume. 
Smaller amounts of clear plagioclase and black clinopyrox
ene are ubiquitous. 

The presence, in this group, of flows and cones with 
ice-contact features up to 2.5 km beyond the terminal 
moraines of existing glaciers suggests that the present, con
spicuous trimlines do not define the maximum limits of 
recent alpine glaciation, but rather an equilibrium position 
at which the ice stagnated for a prolonged period before the 
onset of the present recession. The absence of an older set 
of terminal moraines does not rule out the former presence 
of extensive ice beyond the present alpine trimlines. The ini
tial buildup of ice during the last glacial advance may have 
been temporarily far more extensive than the equilibrium 
position but, because of rapid advance and retreat, left no 
conspicuous morainal ridges. Also, the climatic conditions 
that led to the last glacial advance must have led to the 
accumulation of smaller bodies of more or less stagnant ice 

c 

b 

a 
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Figure 215. Sketch showing the inferred origin of a thick 
flow lobe southwest of Coffee Crater. The flow appears to 
have been ponded against, and partly overridden, a body of 
stagnant ice on the plateau. 
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as well as permanent snow on the plateau surface. It seems 
likely that the quenched tuff-breccia, pillows and ponded 
lava which characterized this group of transitional centres 
resulted from contact with thick snowfields and lobes of 
stagnant ice that lay beyond the edge of the active ice cap. 

Subaerial centres (SLF-9 to SLF-12) 

Most of the present surface of the Snowshoe Lava Field 
is covered with blocky basalt flows which issued from three 
subaerial centres, each associated with a pyroclastic cone. 
These cones consist entirely of red, highly oxidized aggluti
nated spatter, bombs and lapilli which, like the flows, show 
no evidence of quench features. Cocoa Crater (SLF-IO), the 
largest cone in the group, is the source of a 2 km wide flow 
that curves around the western end of Koosick Bluff and 
spills over into the steep-walled, upper canyon of Sezill 
Creek. There the broad flow front ends abruptly, 600 ft. 
(180 m) above the valley floor. Water, flowing through 
channels under the lava, emerges at the base of the flow to 
form a group of moderate-sized streams which cascade 
down the lower cliffs and across the bouldery fill of the val
ley bottom (Fig. 216). The valley itself is mainly drift-filled 
but outcrops along the stream bank are of older basalt, sug
gesting that little if any of the Cocoa lava ever extended 
much beyond its present position. The flow front is trun
cated in a series of terraced cliffs, revealing a succession 
of three to six cooling units. The oldest flows occupy small 
depressions in the pre-Cocoa surface, and may in fact pre
date the Cocoa event. They are overlain by 6-9 m of highly 
irregular, scoriaceous flow-breccia above and around which 
the tongues of Cocoa basalt are stacked in irregular, levee
bounded lobes, each 1.5-6 m thick. The present lava front 
slopes diagonally along the valley wall descending from 
about 5000 ft. (1525 m) on the east to 4800 ft. (1464 m) 
on the western side of the flow. There a narrow tongue of 
lava, plastered against the valley wall, extends west for 
another 0.3 km and drops to 4400 ft. (1340 m). It seems 

Figure 216. Subterranean streams emerging from beneath 
lava flows from Cocoa Crater. The flows end abruptly at this 
point, 600 ft. (180m) above the valley of Sezill Creek. GSC 
202469-S. 
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Figure 217. Block-diagram, showing the diversion of lava from Cocoa Crater along the margin of a stag
nant mass of ice in upper Sezill valley. 

likely that the trace of this westerly-sloping line of lava out
crops corresponds to the surface of a stagnant valley glacier 
which diverted the northerly flowing Cocoa lava westward 
into a narrow stream between the marginal moraines of the 
glacier and the valley wall (Fig. 217) . It is unlikely that 
extensive quenching ever occurred in this environment 
because the stagnating ice was undoubtedly covered with a 
thick mantle of porous rock moraine which not only insu
lated the lava from the ice but also provided an outflow 
channel for the escape of meltwater, thus preventing the for
mation of a meltwater lake. Also, the northern edge of the 
flow , where quench features may have developed along the 
original lava front , has since broken away in landslides and 
slumps that accompanied and followed melting of the ice. 

The largest volume of lava in the Snowshoe Field issued 
from vents near SLF-9 and SLF-l1, both of which are well 
preserved subaerial, pyroclastic cones. The lava spread 
westward onto the gently sloping plateau surface, covering 
an area more than 3 km wide and 8 km long before converg
ing into the upper part of Taweh Valley , to form a relatively 
narrow tongue of lava that formerly extended for at least 
another 12 km, almost to Mess Creek. The lower 3 km of 
this lava has been eroded away, except for small remnants 
along the banks of the fast-flowing main streams . But above 
a well defined nickpoint at 3300 ft. (1000 m) on Taweh 
Creek, the drainage is still dispersed into many small river
lets that have etched tiny box canyons along the flanks of 
the flow and locally , scoured smooth rock channels or 
spread a thin veneer of gravel across the blocky, scoriaceous 
surface. At the nickpoint itself, the flow is exposed in a 

towering central rib of columnar basalt 42 m high around 
which the streams bounding the upper part of the flow con
verge into a single channel . Farther downstream , at 2400 ft. 
(730 m) on Taweh Creek, a remnant of the same flow forms 
the lip of a 18 m waterfall. There, the lava rests directly on 
unconsolidated river gravel which has eroded back, leaving 
a cavernous plunge-pool under the overhanging ledge of 
columnar basalt. 

The youngest flow in the Snowshoe Field issued from 
a vent (SLF-12) near the southern edge of the central ice 
cap, on the crest of the divide between east and west-flowing 
drainage. Part of the lava spilled over into the head of Sha
man Creek to form a narrow tongue of lava about 5 km long. 
The remainder spread westward as relatively thick, broad 
lobes on the nearly flat plateau surface. Unlike the other 
centres , it is not associated with a pyroclastic cone. Instead 
the sinuous ridges and levees of the flows diverge from 
"The Saucer", a low , nearly circular mound of scoriaceous 
lava about 0.5 km in diameter. A slight depression in the 
centre of' 'The Saucer" is surrounded by crudely concentric 
ridges of clinkery blocks that contrast with the relatively 
smooth, slabby surface of the adjacent flows . The lava 
appears to have welled quietly from a vent near the centre 
of the mound without any accompanying fire fountaining. 

Sheep Track pumice, which forms thick drifts and 
pockets on the adjacent flows from Coffee Crater, is rela
tively sparse and much finer grained on "The Saucer" and 
its related flows. Although the evidence is not conclusive, 
eruption of "The Saucer" appears to postdate eruption of 

233 



MOUNT EDZIZA 

the Sheep Track pumice. The sparse very fine pumice on 
its surface could easily be wind-blown material, carried in 
from adjacent pumice beds long after the actual pumice 
eruption. 

Lava from' 'The Saucer", like that from the other three 
young subaerial centres, is medium grey, porphyritic basalt 
with up to 20% phenocrysts of plagioclase, olivine and 
clinopyroxene. Compared with the other lavas in the Snow
shoe Field, the subaerial basalt is richer in plagioclase and 
poorer in olivine . 

Walkout Creek centres 

Remnants of two young subaerial , basaltic cinder cones 
and associated flows are preserved in Walkout Creek valley . 
Both are deeply dissected and poorly exposed but the larger 

Figure 218. The Ash Pit, the youngest pyroclastic cone in 
the Mess Lake Lava Field, erupted on the steep, south-facing 
slope of Nagha Creek valley. GSC 202469- T. 

Figure 219. Aerial view of the tephra plume deposited on Kitsu Plateau during eruption of the Ash Pit 
(crater is in lower centre). Stereoscopic pair. Province of British Columbia photos BC 5607-204, 205. 
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of the two is of interest because of its relationship to an 
active landslide on the north side of the valley. The 
pyroclastic cone of agglutinated spatter and bombs is about 
400 ft. (120 m) high. It was built on the upper part of one 
of several large, slow moving landslides which came off the 
escarpment into Walkout Creek. The typical hummocky, 
ridge and trough topography of the slide clearly controlled 
the deposition of the flows, some of which have been chan
nelled into depressions along the base of small slide scarps. 
Thus the landslide predates the volcanic event, but con
tinued movement of the slide has resulted in segmentation 
of the cinder cone itself into arcuate, step-like slices 
bounded by rotational slumps. 

Mess Lake Lava Field 

The plateau surface east of Mess Lake is covered by a 
field of young, clinkery basalt flows and tephra which 
extends from Raspberry to Nagha creeks and covers an area 
of about 18 km2 (Fig. 189). The lava and ash issued from 
three separate vents, each marked by a pyroclastic cone. 
ML-l and ML-2, the two oldest cones, have been slightly 
rounded by erosion and covered by tundra vegetation. How
ever, their conical form and crater depressions are still 
apparent. Both are on the edge of steep escarpments where 
recent slumping has exposed irregular pale grey olivine 
basalt flows and red, agglutinated spatter which form the 
flanks of the cones. The base of both cones is a coarse flow 
breccia which, at ML-l cone, rests directly on a pavement 
of Armadillo trachyte and, at ML-2 cone, rests on a thick 
layer of fluvial gravel. Lava from both of these centres 
flowed westward and is now exposed as crudely columnar 
rimrocks along the top of Mess Creek Escarpment. Much 
of the lava must have cascaded over the escarpment into 
Mess Creek valley, but no trace remains either on the 
precipitous cliffs or on the densely wooded surface of the 
landslide masses below the cliffs. 

The Ash Pit (ML-3), at the south end of the field is the 
youngest of the three Mess Lake centres and may be the 
youngest centre in the entire Mount Edziza Volcanic Com
plex. It is a conical depression about 60 m deep and 0.4 km 
in diameter (Fig. 218) on the steep, south-facing side of 
Nagha Creek. The low south rim of the cone is a mixture 
of ash and bombs, whereas older rocks of the escarpment 
form most of the inner wall on the north side of the crater. 
A crescent-shaped ridge of fine black cinders rises an addi
tional 90 m above the plateau surface and forms the northern 
rim of the asymmetrical cone. Blocky flows of pale grey, 
porphyritic olivine basalt, bounded by sharp-crested, 6 m 
high levees, extend down from the base of the cone into 
Nagha Creek where they are channelled into a single, nar
row flow which follows the creek bed for about 3 km before 
welling out into a small lobe where Nagha Creek canyon 
opens into the broad valley of Mess Creek. The volume of 
lava from the Ash Pit is small compared with the amount 
of pyroclastic ejecta, most of which was thrown out as 
lapilli-sized cinders and ash. This material, in addition to 
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forming the north side of the cone, is preserved in an ellipti
cal plume of air-fall tephra 2.5 km wide and 6.5 km long 
(Fig. 219). The plume is perfectly symmetrical around an 
axis trending N 20° E, indicating that a strong, uniform 
wind was blowing throughout the eruption. Because this is 
not the prevailing wind direction, it suggests that the event 
was very short-lived. 

Ash thicknesses vary from about 30 m around the base 
ofthe cone to about 2 m near the centre of the plume to about 
0.5 m at its northern end. Except for a few pockets of tephra 
the thin, distal edge of the plume has been eroded away and 
streams across its centre have cut channels which expose the 
barren surface of underlying flows from ML-l cone and 
ML-2 cone. No material suitable for carbon dating was 
found at the base of the ash layer. However, pioneer vegeta
tion on the surface of the Ash Pit tephra field is similar to 
that at the same elevation on the 1340 year old Williams 
Cone tephra, and the two are considered to be approxi
mately coeval. 

Arctic Plateau 

Two eruptive centres of Big Raven age are located on 
or near Arctic Plateau (Fig. 189). Nahta Cone (ALl), near 
the northern edge of the plateau, is the most southerly post
glacial vent of Big Raven age in the map area. The edifice 
is a cluster of at least five tiny conelets, the largest of which 
rises about 60 m above the glacially scoured surface of the 
plateau. Its circular, sharp-crested, crater rim is breached 
on the east and filled with blocks of ropy lava at the source 
of a narrow flow that follows the drainage first northerly and 
then westerly for about 3 km into the head of Nahta Creek. 
Its blocky surface is unmodified by erosion and almost 
lichen-free but the displaced stream has already started to 
cut a new channel along its margins. Lapilli-sized tephra, 
like that of the Ash Pit, is concentrated on the north side 

Figure 220. Air-fall pumice on Big Raven Plateau near the 
southwestern edge of Tencho Glacier. The unconsolidated 
pumice has washed from steep slopes, such as Cocoa Crater 
in the background, but covers most of the adjacent plateau 
to depths of a metre or more. GSC 202469-U. 
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of the vent, indicating a strong south wind at the time of the 
eruption. However, only the thickest parts of the Nahta 
tephra plume remain. All ash beyond about 300 m from the 
vent has been eroded away, suggesting that the Nahta erup
tion was somewhat earlier than that of the Ash Pit. 

Steeply dipping scoriaceous, olivine basalt flows and 
coarse agglutinated pyroclastic beds, exposed on the south 
side of Kuno Peak, are believed to be remnants of a Big 
Raven pyroclastic cone (AL2). The basalt rests on a thick 
unconsolidated substrate of felsenmeer and talus which 
mantles the underlying Spectrum rhyolite. Repeated lands
lides and rapid solifluction on this unstable slope have car
ried away most of the original cone, leaving only a few 
remnants clinging precariously to the old talus. Flows which 
spread from this centre onto Arctic Plateau are completely 
covered by talus, and active alluvial fans. 

Sheep Track ~ernber 

Unconsolidated, air-fall pumice of the Sheep Track 
Member of the Big Raven Formation blankets an area of 
about 40 km2 on the southwest flank of Ice Peak and the 
adjacent plateau (Fig. 220). The maximum clast size occurs 
along the western margin of Tencho Glacier where fracture
bounded pumice fragments are up to 10 cm across. Clasts 
become more rounded and decrease rapidly in size to fine 
lapilli around the margins of the pile. The pumice has been 
largely removed from the drainage channels of small inter
mittent streams on the upper plateau but interfluvial areas 
are covered to depths of up to 2 m. It was deposited on all 
the Big Raven lava flows and cinder cones of the Snowshoe 
Lava Field except "The Saucer" which is covered by only 
thin drifts of wind-blown pumice. The Sheep Track pumice 
may also predate other areas of Big Raven basalt that lie 

a, b - Alkali olivine basalt with phenocrysts of plagioclase and olivine in a fine grained matrix of plagioclase, 
clinopyroxene, minor olivine and opaque oxides (a, plane light; b, crossed polarizers). 
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c,d - Hawaiite with strongly zoned plagioclase phenocrysts in a matrix of plagioclase, clinopyroxene and 
opaque oxides (c, plane light; d, crossed polarizers). 

Figure 221. Photomicrographs of Big Raven basalt; scale bar 0.5 mm. 
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Figure 222. Plot of microprobe analyses of the principal 
mineral phases in Big Raven basalt. 

beyond its area of deposition . The absence of pumice within 
the trimlines of the present alpine glaciers indicates that it 
was erupted during the last glacial advance , but its presence 
on subglacial Tennena Cone suggests that the glaciers had 
begun to recede prior to the Sheep Track eruption. 

The Sheep Track pumice is a completely vitreous, 
aphyric froth of trachytic composition. Its source is 
unknown; probably hidden beneath Tencho Glacier. A 
deep, circular depression on the ice surface north of Coffee 
Crater may be an artifact of the Sheep Track eruption. The 
presence of thermal springs, fumaroles or elevated ground 
temperature around the vent could cause sufficient subgla
cial melting to sustain the surface depression . 

PETROGRAPHY 
Most of the Big Raven alkali olivine basalts are slightly 

porphyritic, with 2-5 % phenocrysts of plagioclase, 
clinopyroxene, and olivine. Plagioclase phenocrysts, 1-3 
mm long, are commonly euhedral or have slightly rounded 
margins. They have relatively large, unzoned cores of calcic 
labradorite surrounded by narrow rims , zoned to calcic 
andesine (Fig . 221a,b). Both olivine (Fa\o40) and sma])er 
amounts of titaniferous clinopyroxene (mostly salite) are 
also euhedral and show no evidence of reaction with the 
groundmass which is commonly a holocrystalline inter
granular mosaic of labradorite laths, euhedral grains of oli
vine and clinopyroxene, and finely disseminated opaque 
oxides. The groundmass of basalt associated with the 
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hyaloclastites of the Snowshoe Lava Field contains intersti
tial glass charged with opaque dust and dendrites of 
clinopyroxene. The groundmass feldspar in these rocks 
exhibits swallowtail or hourglass forms, typical of quenched 
basalt. 

Ankaramite is similar to the alkali olivine basalt in tex
ture and mineralogy but it contains up to 30 % of 
phenocrysts of olivine in euhedral crystals up to 5 mm 
across. 

Big Raven hawaiites contain a higher proportion of 
feldspar and clinopyroxene phenocrysts than the alkali oli
vine basalts (Fig. 221c,d). Labradorite phenocrysts 1-10 
mm long comprise 5-15 % of most hawaiites . They include 
both euhedral, moderately to complexly zoned crystals and 
crystals that are rounded, embayed and have fritted cores. 
Salite phenocrysts are commonly larger and more abundant 
than olivine . 

No consistent difference was detected in the composi
tional range of minerals in the Big Raven alkali olivine 
basalts and hawaiites (Fig. 222). Representative microprobe 
analyses are listed in Table 23 . 

The Sheep Track pumice contains rare micro
phenocrysts of alkali feldspar in a completely vitreous froth 
of clear trachytic glass containing tubular, open vesicles. 
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analyses of Big Raven basalt. 
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CHEMISTRY 
Most of the Big Raven basalts are mildly alkaline, tran

sitional rocks which plot close to the alkaline-subalkaline 
boundary on the alkali vs. silica diagram (Fig. 223), the 
alkali olivine basalt-hawaiite boundary on the normative 
colour index vs. normative plagioclase composition dia
gram, and the tholeiite-calc-alkaline boundary of the AFM 
diagram (Fig. 224). An exception is the pi critic basalt from 
Storm Cone (DLF 2) in the Desolation Lava Field which has 
an extremely high alkali (12 %) and MgO (16 %) content, 
and is classified as an ankaramite. It probably contains a 
high proportion of cumulus olivine in an alkaline residual 
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Figure 224. AFM and Ab'-An-Or plots of 5 analyses from 
the Big Raven Formation. (A = Na 2 0 + K 2 0; 
F=FeO+O.8998 Fe20 3 ; M=MgO; Ab'=Ab+5/3Ne). 
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liquid. The anomalously low CaO content of this rock sug
gests the early fractionation of plagioclase. 

The silica content of Big Raven basalt (Fig. 225) covers 
a fairly wide range (47.6 to 50.6%). There is a slight 
increase in total alkalies with increasing Si02 but the other 
oxides show no systematic variation. 

A single analysis of pumice from the Sheep Track 
Member plots near the alkaline-peralkaline boundary (A.I. 
1.07) and is classified as a comenditic trachyte. 

Representative analyses of Big Raven basalt and the 
Sheep Track pumice are listed in Table 24. 
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Figure 225. Harker diagram showing the chemical varia
tion of 5 analyzed specimens of Big Raven basalt. 



BIG RAVEN FORMATION 

Table 23. Representative microprobe analyses and structural data for the 
principal mineral phases in the Big Raven basalt. 

Feldspar Pyroxene 

Phenocrysls Groundmass Phenocrysls 

BFI BF2 BF3 BF4 BPI BP2 
rim core rim core BF5 rim core BP3 BP4 

SiO 54.62 50.41 54.01 56.12 52.44 49.95 49.21 46.51 48.52 
Alb03 27.96 30.93 28.39 26.88 29.07 3.62 4.20 6.00 4.25 
TIO 0.0 0.0 0.0 0.0 0.0 1.45 1.82 3.12 1.80 
Cr, 3 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.10 0.0 

~:b03 0.57 0.62 0.62 0.45 080 1.94 1.97 2.51 3.53 
0.0 0.0 0.0 0.0 0.0 7.21 7.00 8.43 5.08 

MnO 0.0 0.0 0.0 0.0 0.0 0.18 0.18 0.16 0.15 

~i'b° 0.0 0.0 0.0 0.0 0.0 13.44 13.22 11 .74 13.47 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CaO 10.80 14.45 11.50 9.58 12.33 21 .50 21.43 20.75 21 .94 
NaOO 5.42 3.53 5.07 5.89 4.65 0.46 0.49 0.50 0.48 
K, 0.49 0.22 0.48 0.62 0.36 0.0 0.0 0.0 0.02 
H,O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOlal 99.86 100.16 100.07 99.54 99.65 99.75 99.53 99.82 99.24 

No. of ions on 
basis of 8 (0) NO. of ions on basis of 6 (0) 

SI 2.4763 2.3012 2.4487 2.5417 2.3955 Si 1.8688 1.8458 1.7587 1.8231 
AI 1.4940 1.6640 1.51 69 1.4347 1.5651 AI 0.1312 0.1542 0.2413 0.1769 
Cr 0.0 0.0 0.0 0.0 0.0 TI 0.0 0.0 0.0 0.0 
Fe3 + 0.0194 0.0213 0.0212 0.0153 0.0275 Fe 0.0 0.0 0.0 0.0 

Cr 0.0 0.0 0.0 0.0 

AI 0.0 0.0 0.0 0.0 0.0 AI 0.0284 0.0315 0.0261 0.0113 
Cr 0.0 0.0 0.0 0.0 0.0 TI 0.0408 0.0513 0.0887 0.0509 
Ti 0.0 0.0 0.0 0.0 0.0 Fe3 .. 0.0548 0.0555 0.0715 0.0999 
Fe3 • 0.0 0.0 0.0 0.0 0.0 Cr 0.0 0.0003 0.0030 0.0 
Ni 0.0 0.0 0.0 0.0 0.0 Ni 0.0 0.0 0.0 0.0 
Fe2 • 0.0 0.0 0.0 0.0 0.0 Fe2 t 0.2256 0.2196 0.2666 0.1596 
Mn 0.0 0.0 0.0 0.0 0.0 Mn 0.0057 0.0057 0.0051 0.0048 
Mg 0.0 0.0 0.0 0.0 0.0 Mg 0.7495 0.7391 0.6617 0.7544 

Ca 0.8618 08612 0.8407 0.8833 
Na 0.0334 0.0356 0.0367 0.0350 
K 0.0 0.0 0.0 0.0010 

Ca 05246 0.7068 0.5586 0.4649 0.6035 
Na 0.4764 0.31 24 0.4457 0.5172 0.4119 
K 0.0283 0.0128 0.0278 0.0358 0.0210 

Olivine 

Phenocrysts 

BOI B02 B04 BF5 
rim core B03 rim core 

SiO 36.02 37.25 3887 39.57 39.37 

~:b03 0.0 0.01 0.01 0.04 0.03 
0.04 0.02 0.01 0.02 0.04 

Cr,03 0.0 0.0 0.0 0.0 0.0 

~:b03 0.0 0.0 0.0 0.0 0.0 
32.80 29 .16 22.44 17.63 14.44 

MnO 0.55 0.46 0.27 0.25 0.19 

M'b0 30.76 33.82 39.13 41.3 1 44.54 
Ni 0.05 0.07 0.10 0.27 0.25 
CaO 0.27 0.28 0.29 0.28 0.24 
Nat 0.0 0.0 0.0 0.0 0.0 
K, 0.0 0.0 0.0 0.0 0.0 
H2O 0.0 0.0 0.0 0.0 0.0 
F 0.0 0.0 0.0 0.0 0.0 

TOlal 100.29 101 .07 101 .12 99 .37 99 .10 

No. of ions on 
bas is of 4 (0) 

Si 0.9868 0.9927 1.0000 1.0127 0.9971 
AI 0.0 0.0 0.0 0.0 0.0 
Cr 0.0 0.0 0.0 0.0 0.0 
Fe3 .. 0.0 0.0 0.0 0.0 0.0 

AI 0.0 0.0003 0.0003 0.0012 00009 
Cr 0.0 0.0 0.0 0.0 0.0 
Ti 0.0008 0.0004 0.0002 0.0004 0.0008 
Fe3 .. 0.0 0.0 0.0 0.0 0.0 
Ni 0.0011 0.0015 0.0021 0.0056 0.0051 
Fe2 t 0.7469 0.6499 0.4828 0.3774 0.3058 
Mn 0.0128 0.0104 0.0059 0.0054 0.0041 
Mg 1.2561 1.3434 1.5005 1.5759 1.6814 

Ca 0.0079 0.0080 0.0080 0.0077 0.0065 
Na 0.0 0.0 0.0 0.0 0.0 
K 0.0 0.0 0.0 0.0 0.0 
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Table 24. Representative chemical analyses of specimens 
from the Big Raven Formation. 

Alkali olivine basalt Hawaiite 

Sample 9 67 66 61 

SiO 47.900 48.400 48.700 50 .600 
AI2d3 15.700 16.600 15.200 16.900 
Fe203 1.600 0.900 1.000 1.100 

FeO 10.400 9.900 10AOO 8.800 
CaO 9.580 10.900 8.010 8.280 
MgO 6.480 7.540 8.190 5.080 

Nat? 3.500 3.000 3.700 4.300 
K2 1.200 0.690 1.580 1.910 
Ti02 2.490 2.040 2.250 2.090 
P20 5 0.460 0.260 0.370 0.450 

MnO 0.190 0.160 0.180 0.160 
S 0.090 0.100 0.080 0.090 
NiO 0.020 0.010 0.020 0.010 

Cr203 0.0 0.0 0~030 0.0 
H2O 0.100 0.0 0.100 0.300 
CO2 0.0 0.0 0.0 0.0 

Total 99.710 100.500 99.810 100.070 
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THERMAL SPRINGS 

F our groups of thermal springs are located either 
within or adjacent to the Mount Edziza Volcanic 

Complex (Fig. 189). Three of them, Elwyn Hotsprings, 
Taweh Hotsprings, and Mess Lake Hotsprings are close to 
recent eruptive centres and may be discharging from shal
low hydrothermal systems driven by residual magmatic 
heat. The fourth group (Mess Creek Hotsprings) which lie 
on the trace of a major fault bounding the west side of Mess 
Creek Valley, may be a deeply circulating hydraulic system . 
The springs were originally described by Souther (1975) . 
More detailed chemical and physical data (Appendix 4) 
were collected in a later study by Piteau and Associates 
(1984) which is the source for much of the following 
description. 

ELWYN HOTSPRINGS 
The Elwyn thermal waters discharge from approxi

mately ten vents near the base of the volcanic pile, where 
Nido basalt rests on Early Tertiary leucogranite. Discharge 
rates vary between 0 .05 and 0.3 litres per second (LIs) and 
a maximum temperature of 36°C was recorded in August 
1983 . Precipitation of calcite and aragonite from fossil and 
active vents has created thick tufa deposits along the banks 
of Elwyn Creek between elevations of 4440 ft. (1350 m) and 
4720 ft. (1440 m) as!. The cluster of cinder cones 6 \un east 
of the springs, along the southern edge of the Desolation 
Lava Field , is a major centre of recent basaltic volcanism 
and may be the heat source. 

TAWEH HOTSPRINGS 
Extensive tufa deposits and numerous seeps of warm 

water are scattered for more than 0 .5 \un along Sezill Creek, 
about 7 \un above its junction with Taweh Creek. The prin
cipal vent discharges 46°C water at a rate of about 0.5 LIs. 
A colourful, mushroom-shaped , tufa deposit on the north 
side of the creek rises from a narrow pedestal to a basin 
filled by a jet of 43 °C water charged with CO2 gas . The 
Taweh Hotsprings issue near the base of the volcanic pile 
where Armadillo basalt rests on basement rocks . They are 
only about 4 \un from recently active cinder cones on the 
northwestern edge of the Snowshoe Volcanic Field . Resid
ual heat from that activity is probably the heat source for 
a shallow hydrothermal system which is flowing along the 
basal unconformity and discharging at Taweh Hotsprings . 

THERMAL SPRINGS 

MESS LAKE HOTSPRINGS 
Massive formations of spring deposited tufa cover an 

area of more than 120 hectares near the southeast corner of 
Mess Lake. A fossil vent, near the east side of the deposits 
and 80 m above lake level , stands approximately 10 m high 
and is surrounded by lesser vent deposits from 0.5 to 2 m 
high. Below these mounds a series of terraced tufa bluffs 
cascade between flat, playa-like areas covered with fine 
white powder. In 1965 a vigorous flow of warm water was 
issuing from a central, 20 cm diameter, conduit surrounded 
by concentric ring-shaped ridges of pure white tufa (Fig. 
226) . The symmetry of these deposits and the smooth verti
cal walls of the discharge pipe suggest that they were formed 
by geysering. When next visited in 1974 the discharge rate 
had diminished to a trickle and in August 1983 both the vent 
and adjacent terraced pools were dry . At that time the only 
remaining seep was discharging 14°C water at less that 0.01 
LIs from a low tufa mound midway between the main vent 
area and the lake. 

The Mess Lake Hotsprings issue from Triassic base
ment rocks about 560 m below the elevation of overlying 
Raspberry flows and only 2 .5 \un west of The Ash Pit, one 
of the youngest volcanic centres in the Mount Edziza Vol
canic Complex . Residual heat from that eruption probably 

Figure 226. Concentric tufa rings surrounding an extinct 
geyser vent at Mess Lake Hotsprings. (Photo by M. B. Lam
bert). GSC 20297. 
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resulted in a shallow, short-lived hydrothermal system 
which discharged through fractures in basement rock sur
rounding the conduit. Massive limestone is exposed in 
nearby Permian sections and may account for the relatively 
large volume of calcareous tufa deposited by the springs. 

MESS CREEK HOTSPRINGS 
Mess Creek thermal waters issue from two principal 

vents in fluvial gravel on the west side Mess Creek valley, 
about 7 Ian south of Mess Lake. The springs have a com
bined flow of about 1 Lis and discharge 42.S oC water 
directly into a 200 m2 pool lined with limy mud . The pool 
contains numerous algal rafts and is dammed on one side 
by a terraced levee of vegetation but contains no tufa or 
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sinter deposits. Massive cliffs of Permian limestone, which 
bound the valley west of the springs , are bounded by faults 
which are part of a major, north-trending normal fault sys
tem . The springs are far removed from any centres of recent 
volcanic activity and are probably related to deep circulation 
of meteoric water along intersecting faults. 

GEOCHEMISTRY OF 
THERMAL WATERS 

The following interpretation of water chemistry and 
isotope hydrology is summarized from Piteau and Associ
ates (1984) and analytical data from that report are 
reproduced in Appendix 4 . 

~ , 
60 '" 

J( 

~ , 
'" 40 

20 

MC1 

0 

• ML1 

ANION 

'" TRIANGLE 

0'" (j 
)<. 

I 

0 '" \ -P 60 
~ I »',0 

40 

MC1 
ML1 • 20 • 

-0 E1 .T1 .T2.T3 
o • 
C) E3E2 

0 
R ~ <3' <& ~ 

" CI- --+ 

Figure 227. Piper diagram, showing the chemical nature of thermal waters from Elwyn (E), Taweh (T), 
Mess Lake (ML), and Mess Creek (MC) hotsprings. Numbers following the letter code refer to different sam
ples from a given spring. After Piteau and Associates (1984) 
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THERMAL SPRINGS 

Table 25. Estimates of subsurface temperature from chemical 
geothermometers. From Piteau and Associates (1984). 

HOTSPRINGS TEMPERATURE (0C) 

Mean 
Measured Na-K-Ca-Mg Mg-K Na-Li Qtz Chalc S04-H20 Value 

El Elwyn Vent #1 19.5 <50(1) 56 78 61 
E2 Elwyn Vent #2 29.0 <50 57 79 62 
E3 Elwyn Vent #3 36.0 <50 60 77 114 81 23 68 

Tl Taweh Main Vent 45.9 <50 64 80 113 80 47 73 
T2 Taweh Mushroom 43.0 <50 64 81 65 
T3 Taweh South 46.0 <50 61 81 64 

MCl Mess Creek 
Vent #1 42.5 83 56 105 100 64 57 78 

ML 1 Mess Lake 
Hotspring 13.0 <50 58 85 105 71 74 

High magnesium content indicates that subsurface temperatures are not significantly higher than discharge 
temperatures. Precise temperature estimate not possible. 

Thermal waters discharging from the two hotsprings 
associated with recent volcanic activity (Elwyn and Taweh) 
have total dissolved solids in excess of 3000 mg/L and are 
classified as sodium-bicarbonate waters with minor chloride 
and unusually low levels of sulphate (Appendix 4a, Fig. 
227). Gas discharging from both springs is more than 90% 
CO2 of probable volcanogenic origin (Appendix 4c). With 
the exception of barium, boron, iron, and strontium, trace 
metal concentrations are near or below detection limits . 
This chemistry is consistent with leaching and alteration 
reactions between meteoric waters at elevated temperatures 
and volcanic rocks along the flow path. Very low concentra
tions of oxygen-I8 and deuterium (Appendix 4b) suggest 
that glacier ice was the principal source of recharge and low 
tritium values indicate that the spring water was recharged 
prior to 1952. A shift of less than I % to the right of the 
meteoric water line indicates that very little oxygen-18 
exchange has taken place with hot rock. This implies that 
temperatures were relatively low, in agreement with maxi
mum temperatures ofless than 100°C predicted by chemical 
geothermometry (Table 25) . It is unlikely that water dis
charging from these low temperature hydrothermal systems 
ever penetrated much below the base of the volcanic pile. 

Thermal waters from Mess Creek Hotsprings have 
lower total dissolved solids (1216 mg/L) than water from 
the other springs. They are classified as sodium/calcium 
bicarbonate waters with significant chloride and sulphate 
and the associated gas discharge is mainly nitrogen rather 
than carbon dioxide. The relatively high chloride and sul
phate levels (209 and 150 mg/L respectively) probably 
result from deeper penetration and extensive rock leaching 
in an area less dominated by volcanogenic CO2, Unlike the 
other springs, the Mess Creek thermal waters are undersatu
rated with respect to the major deposit-forming minerals, 
calcite and amorphous silica which accounts for the absence 
of tufa or sinter deposits . Mess Creek thermal waters have 
higher oxygen-18 and deuterium contents than water from 
Elwyn or Taweh hotsprings and show no 180 shift from the 
meteoric water line. This suggests that they were recharged 
from a relatively low elevation and that they were not in 
prolonged contact with rock at high temperatures. 

Water samples taken from seeps in the vicinity of the 
Mess Lake Hotspring deposits are probably not representa
tive of the thermal waters which deposited the massive tufa 
and sinter formations. The extremely low flow rates allow 
significant evaporation which could account for the high 
salinity of these samples (TDS 4858 mg/L) and for a posi
tive 180 shift from the meteoric water line. 
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GEOCHRONOLOGY 

T he relative ages of formations within the Mount 
Edziza Volcanic Complex are apparent from their 

superposition in numerous undeformed, nearly flat-lying 
stratigraphic sections. But, in the absence of fossils , the 
stratigraphy of the rocks provides few clues to their absolute 
age . Without such information, correlation between distant 
sections within the complex is difficult where facies changes 
have resulted in loss of marker units, and where lithologi
cally similar rocks occur in units of different age. Also , 
without an estimate of their absolute age, it is impossible 
to correlate rocks of the Edziza Complex with those in other 
volcanic piles. 

The range of ages within the Mount Edziza Volcanic 
Complex spans the limits of resolution between the radi
ocarbon and potassium-argon methods, but by exercising 
extreme care in sampling and laboratory procedures a good 
fit has been achieved between radiometric dates and 
stratigraphy. The basic geochronology provided by 
potassium-argon (Souther et aI., 1984) and radiocarbon 
dating (Lowdon et aI., 1967) was supplemented with 
experimental work using fisson-tracks (Aumento and 
Souther, 1973), and paleomagnetism (Souther and Symons, 
1974; Fig. 228). Much of the geochronological data are 
published in the foregoing papers. Large sections of the 
original text are reproduced here for completeness but 
subsequent revisions in the stratigraphic correlation have 
resulted in changes in interpretation which are also included 
in the following summary. 

POT ASSIUM-ARGON 
K-Ar dates were determined on samples from all of the 

formations in the Mount Edziza Volcanic Complex except 
the postglacial Big Raven Formation (Fig. 229). The 43 
dates reported in Table 26 were determined over a period 
of 10 years in the laboratories of the Geological Survey of 
Canada and at the University of British Columbia. Ar 
extraction techniques and mass spectrometry procedures at 
both labs are similar and did not greatly change over that 
time interval. Where possible , feldspars at 40 to 80 mesh 
grain size were separated using density and magnetic 
methods. These usually gave lower atmospheric Ar yields 
and , especially if K-rich, the feldspars gave more precise 
dates. If feldspars were very fine grained, whole-rock sam
ples were crushed to about 80 mesh and ultrasonically 
washed in deionized water containing a few percent hydro
chloric acid. This removed dust and carbonate and yielded 
minimal trapped atmospheric argon . 

Most of the dates fit the observed stratigraphic frame
work (Fig. 230). Significant anomalies probably result from 
excess radiogenic argon, present at the time of eruption, and 

GEOCHRONOLOGY 

from isotopic fractionation during analysis. Excess argon 
has been observed in other young volcanic rocks (Dalrym
ple , 1969; Krummenacher, 1970; Fisher, 1971) and is 
especially prevalent in xenolith-rich or rapidly cooled basal
tic magmas from ice-contact or subaqueous environments 
(Rutherford et aI., 1972 ; Dalrymple and Moore, 1968; 
Armstrong, 1978). In the Mount Edziza Complex , the obvi
ous examples of excess initial radiogenic argon involve the 
Ice Peak and Pillow Ridge lavas. The excess is made evident 
by large discordance of dates for overlying and underlying 
stratigraphic units, and is associated with unusual bulk 
chemistry and excess radiogenic Sr in the case of Ice Peak, 
and with partly fused granitic xenoliths and ice-contact fea
tures in the case of Pillow Ridge. Confirmation of excess 
argon in Pillow Ridge lavas is provided by fission-track 
dates (see below) that are much younger than the observed 
K-Ar date and are in accord with the stratigraphy. 

Probable isotopic fractionation during analysis is illus
trated by other anomalously old dates and may contribute 
to the Ice Peak and Pillow Ridge anomalies. In every case, 
the rocks are basaltic, relatively low in K, and unusually 
rich in atmospheric argon. This abundance of atmospheric 
argon shows up in Figure 230 as elongated error bars, 
because the calculated precision of the analysis is inversely 
proportional to the observed percentage of radiogenic 
argon. The correction for atmospheric argon assumes that 
the ratio of 36 Ar to 40 Ar is exactly atmospheric . This 
assumption fails for these samples because atmospheric 
argon is fractionated by diffusion during pumpdown (Baksi, 
1974) . In atmospherically clean samples this is not a serious 
problem, but where large amounts of atmospheric argon are 
trapped, as in partly altered rocks , the 36 Ar, which is 
removed by diffusion out of the sample during pumpdown, 
escapes more rapidly than 40 Ar. In extreme cases, this frac
tionation could exceed 5 %. The atmospheric argon eventu
ally analyzed may thus have several percent excess 40Ar. 
Where the radiogenic argon is itself only a few percent of 
total argon extracted, the discrepancy in calculated date can 
exceed a factor of two. Two extreme, but instructive cases , 
not listed in Table 26, gave dates of 16 ± 6 Ma (2 .3 % radio
genic) and 22 ± 8 Ma (2.7 % radiogenic) for rocks approxi
mately 7 Ma old. In both cases the 95 % confidence limits 
would include the correct age, but the errors are so large 
that the dates are not stratigraphically useful. Only about 2 % 
isotopic fractionation by diffusion would explain this sys
tematic overestimation of age. 

FISSION-TRACK 
Two fission-track dates were obtained on apatite from 

partly fused granitic inclusions and 17 dates from glasses . 
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Figure 228. Map showing the location of fission track specimens (see Table 27), paleomagnetic polarity profiles (see 
Fig. 232), and cross-sections on which the K-Ar dates are plotted (see Fig. 229). 

246 



m 

2000 

1500 

1000 

2000 

1000 

2000 

3 1500 

1000 

2000 

4 1500 

1000 

0.9±0.3(7) 
08±0.25(7)"--. 

10.2± 1.4(36) 
~..,...,..-:-.---.~/ 

GEOCHRONOLOGY 

ft 

6000 

4500 
0.62±040(4) 

3000 

6000 

4500 

3000 

6000 

4500 

3000 

6000 

4500 

3000 

5 :! 
1000 

, " , . . , . . . . , . . . 
6000 

4500 

3000 

2000 

7 1500 

1000 

----
0 5 km 

6000 

I I 
I 

I 
I 6 0 3 mi 4500 

5.9± 1.1(19) -+' 
\ '+- + + + + 

3000 

+ + + + + + 
+ + + + + + + + + 6000 

+ + + + + + 

4500 

Use same legend as figure 228 3000 

Figure 229. Schematic cross-sections (locations from Fig. 228) showing the locations of K-Ar samples 
relative to the stratigraphy. Sample numbers refer to those listed in Table 26. 
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Table 26. K-Ar and fission-track (apatite) dates from the Mount Edziza 
Volcanic Complex (from Souther et al., 1984). 

Sample Formation and Geographic Ar 10.6 

no. lithology co-ordinates Laboratory Method %K cc/g %E40Ar Date Ma 

1 Kakiddi S7" 39.8' N UBC K-Ar wr 4.36 0.OS16 18.4 0.30 ± 0.02 
Trachyte 130 0 41 .2' W 

1F Kakiddi S7" 39.8' N UBC K-Ar S.68 0.0639 27.9 0.29 ± 0.02 
Feldspar 

2 Kakiddi S7" 41 .1' N UBC K-Ar wr 4.12 0.0442 27.0 0.28 ± 0.2 
Pantelleritic trachyte 130 0 34.7' W 

3 Kakiddi S7" 41 .3' N UBC K-Ar wr 1.066 0.0129 S.2 0.31 ± 0.07 
Mugearite 130 0 32.0' W 

4 Klastline S7" S6.1' N UBC K-Ar wr 0.933 0.02236 17.3 0.62 ± 0.04 
Alkali ol ivine basalt 130 0 37.2' W 

S Arctic Lake S7" 21.S' N UBC K-Ar wr 1.33 0.036S 16.4 0.71 ± O.OS 
Alkali olivine basalt 130 0 46.S' W 

6 Edziza S7" 44.S' N UBC K-Ar wr 4.09 0.1376 2.8 0.9 ± 0.3 
Pantelleritic trachyte 130 0 34.S' W 

7 Granitic xenolith in S7° 46.1' N UBC Fission tr. 0.9 ± 0.3 
Pillow Ridge Apatite 
Alkali olivine basalt 130 0 40.3' W 

7 Granitic xenolith in S7" 46.1' N UBC Fission tr. 0.8 ± 0.2S 
Pillow Ridge Apatite 
Alkali olivine basalt 130 0 40.3' N 

8 Pillow Ridge S7° 46.S' N UBC K-Ar wr 1.18S 0.274S 3.6 S.9 ± 0.9 
Alkali olivine basalt 130 0 42.0' W 

9 Ice Peak S7" 40.3' N UBC K-Ar wr 4.94 0.23S2 14.0 1.2 ± 0.1 
Pantelleritic trachyte 130 0 36.0' W 

10 Ice Peak S7" 41.8' N UBC K-Ar wr 3.S4 0.2074 3.1 1.S ± 0.4 
Pantelleritic trachyte 130 0 43.3' W 

11 Ice Peak S7" 40.4' N UBC K-Ar wr 3.69 0.2107 49.2 1.S ± 0.1 
Pantelleritic trachyte 130 0 36.S' W 

12 Ice Peak S7° 39.S' N UBC K-Ar wr 1.32 0.0813 8.8 1.6 ± 0.2 
Pantelleritic trachyte 130 0 3S.S' W 

13 Ice Peak S7" 41 .3' N UBC K-Ar wr 0.840 0.0927 18.1 2.8 ± 0.1 
Trachyte 130 0 43.9' W 

14 Ice Peak S7" 32.3' N UBC K-Ar wr 0.899 0.0999 14.0 2.8 ± 0.2 
Hawaiite 130 0 41.8' W 

1S Ice Peak S7"41.4'N UBC K-Ar wr 2.SS 0.3722 4.0 3.7 ± 1.0 
Hawaiite 130 0 32.1 ' W 

16 Pyramid S7° 4S.7' N GSC K-Ar wr 4.07 0.1487 14 0.94 ± 0.12 
Trachyte 130 0 33.6' W 

16F Pyramid S7" 4S.7' N GSC K-Ar S.66 0.2076 29 0.94 ± O.OS 
Trachyte 130 0 33.6' W Feldspar 

17 Pyramid S7" 40.4' N GSC K-Ar wr 3.83 0.179 S1 1.20 ± 0.03 
Comenditic glass 130 0 3S.4' W 
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Table 26 (cont.) 

Sample Formation and Geographic Ar 10-6 
no. lithology co-ordinates Laboratory Method %K cc/g %E40Ar Date Ma 

18 Pyramid 57 0 40.4' N UBC K-Ar wr 3.76 0.1743 3.3 1.2 ± 0.4 
Comenditic glass 130 0 35.4' W 

19 Spectrum (Kitsu) 57 0 25.5' N UBC K-Ar wr 0.868 0.2009 3.8 5.9 ± 1.1 
Alkali olivine basalt 130 0 47.2' W 

20 Spectrum 57 0 26.5' N GSC K-Ar wr 3.98 0.4505 75 2.9 ± 0.1 
Comenditic glass 130 0 36.4' W 

21 Spectrum 57 0 26.4' N UBC K-Ar wr 4.00 0.4625 70.0 3.0 ± 0.1 
Comendite 130 0 36.0' W 

22 Spectrum 57" 26.4' N GSC K-Ar wr 3.87 0.4630 75 3.1 ± 0.1 
Comendite 130 0 37.7' W 

23 Spectrum 57 0 26.0' N UBC K-Ar wr 3.78 0.5047 76.3 3.4 ± 0.1 
Comenditic glass 130 0 39.9' W 

24 Nido 57 0 46.1 ' N GSC K-Ar wr 0.88 0.153 14 4.5 ± 0.3 
Alkali olivine basalt 130 0 44.1'W 

25 Nido 57 0 35.5' N GSC K-Arwr 0.55 0.095 5.8 4.4 ± 0.5 
Alkali olivine basalt 130 0 48.3' W 

26 Nido 57" 41.5'N UBC K-Ar wr 0.531 0.1149 3.4 5.5 ± 1.6 
Alkali olivine basalt 130 0 32.5' W 

27 Nido (KOunU~U) 57 0 17.5' N UBC K-Ar wr 0.625 0.1903 53.7 7.8 ± 0.3 
Alkali olivine asalt 130 0 32.6' W 

28 Armadillo 57 0 35.3' N GSC K-Ar wr 4.48 1.060 45 6.1 ± 0.1 
Comenditic ash flow 130 0 48.6' W 

29 Armadillo 57 0 35.4' N GSC K-Ar wr 3.25 0.777 36 6.1 ± 0.2 
Hawaiite 130 0 48.3' W 

30 Armadillo 57 0 32.3' N UBC K-Ar wr 3.77 0.9469 51 .7 6.4 ± 0.2 
Comenditic glass 130 0 44.5' W 

31 Armadillo 57" 44.1' N UBC K-Ar wr 0.574 0.1452 31.0 6.5 ± 0.2 
Hawaiite 130 0 48.1' W 

32 Armadillo 57" 26.2' N GSC K-Ar wr 2.36 0.6344 42 6.9 ± 0.3 
Comenditic ash flow 130 0 34.4' W 

33 Armadillo 57 0 35.4' N GSC K-Ar wr 1.0 0.2428 55.7 6.2 ± 0.1 
Hawaiite 130 0 48.3' W 

34 Armadillo 57 0 40.8' N GSC K-Ar wr 0.592 0.1462 5.0 6.3 ± 0.5 
Hawaiite 130 0 47.2' W 

35 Armadillo 57" 33.0' N UBC K-Ar wr 3.70 1.024 26.1 7.1 ± 0.3 
Soda granite 130 0 32.7' W 

36 Armadillo 57" 35.8' N UBC K-Ar wr 4.48 1.779 6.9 10.2 ± 1.4 
Comendite 130 0 35.5' W 

37 Little Iskut 57 0 26.7' N UBC K-Ar wr 3.58 1.009 79.4 7.2 ± 0.3 
Trachybasalt 130° 31.4' W 

38 Raspberry 57° 35.3' N GSC K-Ar wr 0.915 0.1958 49 5.5 ± 0.1 
Alkali olivine basalt 130 0 49.0' W 

39 Raspberry 57" 35.4' N GSC K-Ar wr 1.51 0.3603 30 6.1 ± 0.4 
Alkali olivine basalt 130 0 48.9' W 

40 Raspberry 57° 35.3' N UBC K-Ar 0.381 0.1251 19.6 8.4 ± 0.4 
Hawaiite 130 0 48.6' W Feldspar 

41F Raspberry 57 0 38.9' N USC K-Ar 0.489 0.1215 25.2 6.4 ± 0.3 
Hawaiite 130 0 50.9' W Feldspar 

41 Raspberry 57" 38.9' N UBC K-Ar wr 1.49 0.663 4.2 11.4 ± 1.5 
Hawaiite 130 0 50.9' W 
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The apatite dates (Table 26) were run to check a K-Ar 
date of 5.9 ± 0.9 Ma obtained on a sample from the Pillow 
Ridge Formation. This is obviously out of line with the age 
of underlying and overlying formations (Fig. 230). Con
tamination and introduction of excess argon from partly 
fused xenoliths of granitic and gneissic rock, which abound 
in the Pillow Ridge basalt, is believed to be responsible for 
the anomalously old age. An independent check was made 
by means of fission-track dating , using apatite from granitic 
clasts incorporated in the basalt. The partly fused clasts 
were obviously raised far above the blocking temperature 
for apatite (ca. 100°C) . The resulting dates of 0.9 ± 0 .3 
and 0.8 ± 0.25 Ma are consistent with the stratigraphy . 
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Seventeen specimens of obsidian from the Mount 
Edziza Volcanic Complex were dated by the fission track 
method. When these dates were first reported (Aumento and 
Souther, 1973), the comendites and trachytes that lie above 
the basal, Raspberry basalts were lumped together as "stage 
1 comendite". Subsequent mapping and stratigraphic work 
resulted in the subdivision of these felsic rocks into the 
Armadillo and Pyramid formations , of similar lithology but 
very different age. The original specimen numbers used by 
Aumento and Souther (1973) are retained in Table 27, but 
they have been regrouped according to the revised stratig
raphy . 
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Table 27. Fission-track, thermal neutron flux, uranium content, and age data for 
obsidians from the Mount Edziza Volcanic Complex (from Aumento and Souther, 1973). 

Surface Spontaneous 
Specimen characteristics fission track density 

Formation no. of glass tracks/cm' 

16 Many microlites 0.1 ± 100% 
Sheep Track 17 Mediocre 0.01 ± 100% 

3 Excellent 1564 5.3% 
4 Slight imperfections 2587 4.0% 
5 Good 184 32% 
6 Excellent 4675 2.1% 

Pyramid 
4729 3.0% 

7 Very poor 
8 Good 2635 4.3% 
9 Good 1400 3.0% 

10 Many microlltes 500 7.0% 
II Excellenl 1156 10% 

1 Excellent 8100 3.1% 
2 Interstitial glass only 1200 3.9% 

Armadillo 
12 Interstitial glass on ly 617 6% 
13 Very poor. patchy 400 25% 
14 Poor 320 9% 
15 Poor 184 32% 

Temp. (oe) 
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Figure 231. Annealing characteristics of specimen 6 (Table 
27). The line separates the field between time/temperature 
conditions that would have no effect on the age determina
tions, and those which would produce erroneously low dates. 

Thermal neutron Induced fission Uranium content 
flux n.v.l. x track density (p.p.m.) 

to ' 5 ± 0.7% tracks/cm2 ± 3.5% Age (ka) 

4.91 812 000 ± 2.3% 17.2 to 
6.87 1 268 000 ± 3.2% 19.2 1 ± 6 

7.06 1 576 100 ± 1.6% 23.2 429 ± 24 
4.91 795 000 ± 1.6% 16.9 980 ± 40 
6.75 I 278 000 ± 1.8% 19.8 59 ± 20 
740 2 238 000 ± 1.0% 31.0 947 ± 33 
740 2232 000 ± 2.1% 31 .5 960 ± 40 
6.68 270 690 ± 2.9% 4.2 
749 1 235 000 ± 1.6% 17.2 976 ± 42 
491 657 000 ± 1.6% 14.0 641 ± 22 
4.91 550 000 ± 7% 11.7 280 
7.13 708 380 ± 2.1 % 10.3 712 ± 75 

7.32 1 169400 ± 1.9% 16.6 3106 ± 115 
4.91 215000 ± 2.3% 3.3 990 ± 50 
4.91 357 000 ± 3.1 % 7.6 519 ± 35 
7.55 294 880 ± 2.3% 4.1 560 ± 140 
7.55 314000 ± 2.0% 6.7 350 ± 32 
6.80 275460 ± 3.1% 4.2 28 

Age determinations based on the spontaneous fission of 
238U (Fleischer and Price , 1964), are reliable only if the 
specimens have not been annealed by a combination of time 
and temperature since their solidification. The annealing 
characteristics of Edziza glasses were tested by heating 
small specimens at different temperatures and varying 
times, and observing the effects on the fission tracks. Heat
ing for periods of up to 7 days at 200 0 e resulted in a noticea
ble reduction in the fission track size, but not number (Fig. 
231). Extrapolation of this data suggests that specimens 
which were not heated above 200 0 e for more than a few 
days should provide reliable dates, but the effects of very 
slow annealing for millions of years is not known. Fission
track dates may also be affected by plastic flow and by 
migration of uranium. Plastic flow is not a problem in the 
undeformed Edziza rocks, but loss of uranium by diffusion 
may be important, particularly from noncrystalline glasses. 

The precision of the fission-track dates appears to be 
greatly influenced by the uranium content and post
solidification history of the particular sample. Specimen 
number 6 (Table 27), a very clear Pyramid glass with 31 
ppm uranium, was dated by two independent researchers, 
giving fission track dates of 947 ± 33 ka (Monroe, 1970) 
and 960 ± 40 ka (Aumento and Souther, 1973) which are 
in close agreement with one another and with K-Ar dates 
of L 14 ± 0 .14 Ma and 1.19 ± 0.13 Ma on the same 
material. Such ideal results are not always attainable. Some 
of the Mount Edziza obsidians contain very small micro
lites_ When the polished surface of these glasses is etched, 
the microlites are destroyed preferentially, producing pits 
which are almost indistinguishable from those of fission 
tracks. This may account for some ofthe scatter in the data. 
In general, the most consistent fission-track dates were 
obtained on relatively young glasses with good surface 
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Figure 232. Correlation chart showing lithology and magnetic polarity profiles of three stratigraphic sections 
in the Mount Edziza Volcanic Complex, and their approximate relationship to the standard magnetozones 
of Cox (1969). The range of K·Ar dates for each of the sampled formations is shown below the formation 
name. Section locations are shown on Figure 228. 

characteristics . Fission track dates on the Armadillo speci
mens are anomalously young, compared to the K-Ar data, 
suggesting that long-term annealing has resulted in a loss of 
tracks in the older glasses . Most of the Pyramid glasses give 
fission-track dates that are close to the ± 1 Ma K-Ar age for 
the Pyramid Formation. Those that deviate significantly 
from this average age commonly show signs of devitrifica
tion or contain numerous microlites. Despite poor surface 
characteristics on glass associated with the Sheep Track 
pumice, the fission track dates of 1000 to 10 000 years are 
in reasonable agreement with a 1340 ± 130 year 14C date 
on closely associated Big Raven basaltic tephra. 
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PALEOMAGNETISM 
Paleomagnetic polarity profiles were determined for 

three measured sections of lavas within the Mount Edziza 
Volcanic Complex (Fig. 232) . For a description of sampling 
and laboratory procedures and details of stratigraphy, lithol
ogy and remnance data , the reader is referred to the original 
report on this work (Souther and Symons, 1974). Since the 
data were first published, additional K-Ar dating and map
ping have resulted in a re-interpretation of both correlation 
between the three sections and between the sections and the 
standard polarity profile of Cox (1969) . The revised correla
tion between the three stratigraphic sections is consistent 



Figure 233. Basaltic tephra from Williams Cone resting on 
a paleosol in which the charred remnants of willow stems are 
still rooted. A 14C date of 1340 ± 130a was obtained on car
bon collected from this site. GSC 125 635. 

GEOCHRONOLOGY 

with both lithology and paleomagnetic polarity. The thickest 
section (section B, Fig. 232) records six reversals in the 
earth's magnetic field, but K-Ar dates indicate that the sec
tion spans approximately 7 Ma, a period during which the 
earth's magnetic polarity changed at least 31 times . Thus, 
there is no unique correlation between the observed reversal 
profiles and the standard magnetozones of Cox (1969). 

RADIOCARBON 
Carbonized wood is preserved beneath many of the 

flows and tephra layers of the Mount Edziza Volcanic Com
plex but, with the exception of that associated with the Big 
Raven Formation, it is too old to provide 14C dates. 

Charred willow twigs, preserved beneath a thick layer 
of unconsolidated Big Raven basaltic tephra from Williams 
Cone (Fig. 233) yielded a 14C date of 1340 ± 130 BP 
(Lowdon et aI., 1967). 

Basalt flows, capping terraces in Klastline Valley, west 
of the map area, are believed to be correlative with older 
flows of the Big Raven Formation. Carbonized wood, col
lected by P.B. Read, from paleosols under these flow
remnants yielded 14C dates of 8350 ± 80, 8440 ± 80, and 
8610 ± 80 years BP (P.B. Read and 1.F. Psutka, 1985; 
unpublished report to B.C. Hydro and Power Authority). 

253 





PETROCHEMISTRY 

INTRODUCTION 

T he chemistry and petrography of representative 
rocks from each formation are described in the 

foregoing chapters on general geology. In this section the 
same data are examined in the broader context of the volcanic 
complex as a whole. Despite its long and varied history of 
activity, the range of mineralogical and chemical variation 
among rocks of the Mount Edziza Volcanic Complex 
remained relatively constant through time. Its most 
characteristic feature is a statistical separation of basaltic and 
felsic rocks into two populations, each with distinctive major
and trace-element chemistry and each having a distinctive 
suite of mineral species. 

Alkali olivine basalt, either aphyric or with sparse 
plagioclase phenocrysts, is volumetrically the most abun
dant rock type in the Mount Edziza Volcanic Complex. It 
comprises euhedral to subhedral laths of plagioclase, 
titanaugite, small granular olivine crystals, opaque oxides 
and devitrified glass . The pyroxene occurs either as ophitic 
plates enclosing the other minerals or as zoned 
microphenocrysts. 

Many basalt sequences become increasingly por
phyritic upward , commonly culminating in a few highly 
feldsparphyric flows in which plagioclase phenocrysts up to 
2 cm across form as much as 50% of the rock. This change 
in mineralogy is accompanied by a shift in bulk composition 
from alkali olivine basalt to hawaiite. The hawaiites also 
contain lesser amounts of pyroxene and olivine in a 
subophitic or interstitial groundmass of plagioclase laths, 
granular olivine, and opaques. 

Transitional rocks between basalt and the felsic suite 
are relatively rare . Trachybasalt and tristanite , which are 
confined to the Little Iskut and Ice Peak formations, are the 
only volumetrically significant rocks in the complex that fall 
within the potassic series as defined by Irvine and Barager 
(1971). They are commonly aphyric or contain sparse 
microphenocrysts of alkali feldspar and ferrohedenbergite 
in a felted groundmass of subhedral , potassic anorthoclase, 
intergranular prisms of ferrohedenbergite, minor fayalite 
and finely disseminated opaque oxides. Transitional mem
bers of the sodic series, mugearite and benmoreite, are even 
less abundant than trachybasalt, and are confined mainly to 
the Ice Peak Formation. 

Many of the older basalt flows (Raspberry and 
Armadillo) have a pervasive carbonate alteration in which 
the interstitial glass has been hydrated and partly replaced 
by calcite. Vesicles in these flows have been lined or filled 
with aragonite , calcite, silica and ankerite . However, the 
alteration does not appear to have affected the silicate 
minerals . The Nido, Kounugu basalts show no petrographic 
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evidence of alteration, but may contain extensive carbonate 
as vesicle fillings. Basalts younger than the Nido are both 
unaltered and have open vesicles. 

The felsic suite includes both alkaline and peralkaline 
members which appear to grade from one to another without 
any obvious mineralogical or chemical gaps . The trachyte 
is a nearly pure feldspar rock comprising sparse 
microphenocrysts of alkali feldspar in a trachytic ground
mass of ragged alkali feldspar laths, finely disseminated 
opaque oxides, minor interstitial sodic pyroxene and rarely 
a sodic amphibole. Sparse phenocrysts of more calcic feld
spar and pyroxene are present in many of the trachytes . 
These have reacted with the groundmass, the feldspars hav
ing fritted cores and the pyroxenes being embayed, rounded 
and mantled by green sodic ferrohedenbergite . With the 
appearance of interstitial and phenocrystic quartz, the 
trachytes grade into sodic rhyolites composed mostly of 
quartz and alkali feldspar with only a trace offemic minerals 
(mainly sodic pyroxene) and opaque oxides. The transition 
to peralkaline rocks is manifest in the appearance of soda
rich femic minerals (aenigmatite, arfvedsonite, aegirine, 
and kataphorite) and by the disappearance of plagioclase, 
leaving sanidine and/or anorthoclase as the only feldspar 
phase. The same minerals are present in all of the peralka
line members, but the comendites are relatively rich in both 
phenocryst and groundmass quartz, and the pantelleritic 
rocks are relatively rich in fernic minerals and opaque 
oxides. 

The felsic rocks are mostly fine grained and 
holocrystalline, but unaltered obsidians are present as a 
quenched basal layer on trachyte and comendite flows. The 
holocrystalline felsic rocks are unaltered except for partial 
oxidation of opaque oxides. Voids in these rocks are com
monly lined with an assemblage of euhedral, vapour-phase 
minerals including quartz, aegirine, arfvedsonite, aenigma
tite, minor biotite, fluorite and analcime. 

MINERAL CHEMISTRY 
The compositions of the principal mineral phases in 

representative samples from each of the 13 formations in the 
complex, and from cumulate inclusions, were determined 
by microprobe (Appendix 1) . Analyses were performed by 
L.C. Pigage on the University of British Columbia ARL 
SEMQ microprobe, using 10 2s counting periods for each 
element. Reduction of the silicate analyses to end member 
compositions was done by P .B. Read using programs from 
Australian National University modified by E.J . Essene and 
P.B. Read. Analyses of opaque oxides were recalculated 
according to the method described by Carmichael (1967) . 
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Feldspar 

Feldspar compositions from rocks of the Mount Edziza 
Volcanic Complex are concentrated in the labradorite and 
anorthoclase fields of the feldspar ternary (Fig . 234) , 
reflecting the bimodal whole-rock chemistry of the suite. 
Plagioclase microphenocrysts in the basalts commonly have 
relatively large unzoned cores surrounded by narrow rims 
with up to 10 mol. percent normal zoning. Core composi
tions range from An75 to An54' Larger phenocrysts, partic
ularly those in the hawaiites, display complex oscillatory 
and reverse zoning and range in core compositions from 
An75 to A~2' Groundmass plagioclase is either unzoned or 
displays slight normal zoning of less than 2 mol. percent. 
Up to 2.9 mol. percent Or is present in the phenocrystic 
plagioclase of the alkali olivine basalts, whereas 
phenocrysts in the more highly evolved hawaiites contain as 
much as 4.4% Or. 

Phenocrystic and ground mass feldspar in the less abun
dant intermediate rocks (trachybasait, mugearite, ben
moreite) ranges from AnlO to An30 and may contain up to 
18 % Or. Andesine cores in the larger phenocrysts com
monly grade to rims of anorthoclase and ground mass feld
spars are zoned from oligoclase to anorthoclase. 

Anorthoclase is the most abundant feldspar in the felsic 
rocks (trachytes, comendites) but sanidine is also present as 

Ab 

o Ice Peak 
• Pyramid 

, 

Or 

-...... 
An 

Or 

6 Arclic Lake 
• Kaklddi 
o Klaslline 

Ab 

• Nido 

I , 

o Speclrum 

(j 

#' 

Or 

Or 

both a phenocryst and groundmass phase in many of the 
comendites. Feldspar in the trachytes contains up to 3 % An 
compared to less than 1 % in feldspar from most of the 
comendites. 

Pyroxene 

In the alkali olivine basalts, groundmass pyroxene 
occurs as purple to brown ophitic or subophitic grains that 
enclose the groundmass feldspar or, less commonly, as 
interstitial aggregates of small clear to pale green euhedral 
crystals. Analyses from both types plot near the augite-salite 
field boundary of the pyroxene quadralateral (Fig. 235) but 
the strongly pigmented ophitic pyroxene has a significantly 
higher Ti02 content (up to 5 %). Calcic augite phenocrysts 
in the alkali basalts and hawaiites are commonly twinned 
and many are distinctly zoned . Both ground mass and 
phenocrystic clinopyroxenes in the intermediate rocks 
(hawaiite to trachybasalt) range from aluminous augite 
through ferroaugite to hedenbergite. The compositions of 
pyroxene phenocrysts from the felsic rocks range from fer
roaugite and hedenbergite in trachybasalts and trachytes to 
sodic hedenbergite, aegirine augite or acmite in the comen
dites. Those analyses with more than 10% Ac have been 
recalculated to Jd - Ac + Tsch + Di + He and plotted 
on the sodic pyroxene ternary of Clark and Papike (1968) 
(Fig. 236). Groundmass pyroxenes in the comendites are 
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Figure 234. Ab-An-Or plots of feldspar compositions from the Mount Edziza Volcanic Complex, showing 
the distinct separation of feldspar compositions related to the basaltic, felsic, and chemically transitional 
formations. 



• Ice Peak 
o Pyramid 

En 

• Nido 
" Spectrum 

En 

• Armadillo 
" Little Iskut 
o Raspberry 

En 

Oi 

Oi 

Oi 

.,( 
• 

<0 0 

00 

He 

He 

~ 
C. 

He 

Fs 

Fs 

Fs 

PETROCHEMISTRY 

Oi He 

• Big Raven 

En Fs 

Oi He 

~iP .-.. ~.-: 
o Arctic Lake • 
• Kakiddi 
" Klastline 

En Fs 

Oi He 
-~--IIt---t\ 

• Edziza 
" Pillow Ridge 

En Fs 

Figure 235. En-Fs-Di-He plot of clinopyroxene compositions, showing the close relationship between 
pyroxene composition and rock type. Diopsidic augite is characteristic of basaltic formations whereas 
pyroxenes from felsic formations are mainly hedenbergite. Pyroxenes of intermediate composition are con
fined to rocks from formations such as the Little Iskut and Ice Peak which have intermediate whole-rock 
compositions. 

nearly pure end member acmite (NaFe+3Si20 6). The crys
tallization trend of clinopyroxenes in rocks of the Mount 
Edziza Volcanic Complex mimics that of the whole-rock 
chemistry, extreme Fe-enrichment followed by a sharp 
increase in Na20. 

Olivine 

Almost the entire range of olivine compositions is pres
ent in rocks of the Mount Edziza Volcanic Complex (Fig. 
237). Forsteritic olivine is a major phenocrystic and ground
mass phase of the alkali olivine basalts and a less abundant 
phase of the hawaiites. Phenocryst compositions range from 
F074 to FOS5 whereas groundmass olivines are between 
F065 and Fo50 . Zoning over a range of about 10% is 
common. 

Pale yellow fayalitic olivine is present in minor amounts 
as microphenocrysts in the trachybasalts, trachytes and 
comendites. It is commonly too small to probe but a compo
sition of Fo2.7 from a relatively large phenocryst in Little 
Iskut trachybasalt suggests that fayalite in the more felsic 
rocks is approaching a pure , end member composition. 

Amphibole 

Amphibole (Fig . 238) is found only in the peralkaline 
felsic rocks of the Mount Edziza Volcanic Complex. It is 
widespread as a groundmass mineral where it is usually 
associated with aenigmatite and acmitic pyroxene. The 
groundmass amphibole is commonly poikilitic and too fine 
grained to analyze by microprobe. It includes blue to brown 
pleochroic arfvedsonite and a pale yellow to dark yellow 
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pleochroic amphibole of similar habit that is probably 
kataphorite. Arfvedsonite also forms subhedral micro
phenocrysts and mantles around fayalite and aenigmatite 
phenocrysts. All of the probe analyses were made on these 
coarser grains . 

Aenigmatite 

Aenigmatite (Na2Fe5 TiSi60 20) is a common constitu
ent of the comenditic trachytes and comendites of the Mount 
Edziza Volcanic Complex (Yagi and Souther, 1974). It 
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Figure 236. Jd-Ac-(Di + He + Tsch) plot of sodic pyroxenes 
(> 10% Na20) from the Mount Edziza Volcanic Complex. 
Diagram based on Clark and Papike (1968). 
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in rocks of the Mount Edziza Volcanic Complex, and the 
range of compositions found in each olivine-bearing forma
tion. 
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occurs in the groundmass as poikilitic grains and radiating 
acicular crystals associated with arfvedsonite, acmite and 
quartz in spherulites. It is also found as subhedral 
microphenocrysts in comendite lavas and tephra and as 
microlites in comenditic obsidian. Microprobe analyses 
show no significant differences in the composition of 
ground mass and phenocryst phases, or between the cores 
and rims of individual phenocrysts. 
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Figure 238. Si-(Na + K)-(AI + Fe + Ti + Mn + Mg + Cay plot of 
sodic amphibole from felsic rocks of the Mount Edziza, Spec
trum and Armadillo formations. Diagram based on Ernst 
(1962) 
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Figure 239. FeO-Ti02-Fe20 3 plot of 16 microprobe ana
lyses from the Mount Edziza Volcanic Complex. End mem
bers recalculated by the method of Carmichael (1967). 



Iron-titanium oxides 

Iron-titanium oxides are present in both the basic and 
felsic rocks of the Mount Edziza Volcanic Complex. In the 
basalts they are found as microphenocrysts, groundmass 
granules and as inclusions in both feldspar and ferromagne
sian minerals. Most of the opaque oxide in the trachytes and 
comendites occurs as groundmass granules and inclusions. 
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Rare microphenocrysts are commonly surrounded by reac
tions rims that may include aenigmatite and/or amphibole. 

The opaque oxides were not studied in polished section 
but probe analyses indicate a range of Ti02 from pure 
ilmenite to titanomagnetite containing less than 50 % 
ulvospinel. Analyses were recalculated using the method of 
Carmichael (1967) and plotted on the FeO-Ti02-Fe203 ter
nary (Fig. 239). 
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Figure 240. Harker diagram showing the variation in weight per cent in major element abundances vs. 
Si02 for 95 analyses of rocks from the Mount Edziza Volcanic Complex. 
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MgO is relatively enriched in oxide phases from basalts 
of the Raspberry and Big Raven formations and depleted in 
oxide phases from trachytes and comendites of the Ice Peak 
and Edziza formations. A similar relationship between MgO 
and MnO and rock types was noted by Bevier (1978) in basic 
and felsic peralkaline lavas of the Rainbow Range in central 
British Columbia. 
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Figure 241. AFM diagrams. (a) A comparison of the Mount 
Edziza Volcanic Complex data with that from Boina (Barberi 
et a/., 1975), SE Queensland (Ewart et al., 1968) and the 
Azores (Self and Gunn, 1976). (b) The distribution of the 
Mount Edziza Volcanic Complex data and the positions of 
analyses used in the petrological modelling. 
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WHOLE-ROCK CHEMISTRY 
Major elements 

Whole-rock chemical analyses were made by the Geo
logical Survey of Canada, under the direction of S. Abbey 
and J .A. Maxwell. X-ray fluoresence (XRF) techniques 
were used for Si02, Al20 3, total Fe as Fez03, CaO, MgO, 
K20, Ti02, MnO, NiO, and Cr203' Total H20, CO2, 
P20 5, Na20, and FeO were measured by rapid chemical 
means. Sulphur was determined by conventional chemical 
methods and Fe203 by difference. The 95 superior analyses 
presented in this study (Appendix 2) were selected such that 
totals are within 1 % of a hundred and the total of H20 plus 
CO2 is less than 3 wt % . 

The suite of analyzed rocks includes representative 
specimens from each of the 13 formations. It covers a range 
of silica values from 46 to 80% but volumetrically there is 
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Figure 242. Plot of total alkalis vs. Si02. (a) The distribu
tion of the Mount Edziza Volcanic Complex data and the posi
tions of analyses used in the petrological modelling. (b) A 
comparison with other peralkaline suites (see Fig. 241). 



a distinct compositional gap between 52 and 62 % silica 
(Fig. 240). The gap appears to form a boundary zone across 
which there is a profound change in the proportions of most 
of the constituent oxides, particularly the alkalis, CaO, and 
MgO. It is partly bridged by a volumetrically small group 
of intermediate rocks, mostly from the Little Iskut and Ice 
Peak formations, that show a regular variation between the 
end-member groups . 

The trends on the AFM and alkali vs. silica diagrams 
(Fig. 241,242) are similar to other peralkaline suites in Brit
ish Columbia such as Level Mountain (Hamilton, 1981), 
Rainbow Range (Bevier, 1978) and the Ilgachuz Range 
(Souther, 1984), and to peralkaline suites from other 
regions such as the Afar Rift (Barberi et a!., 1975), the 

PETROCHEMISTRY 

Azores (Self and Gunn, 1976), and Mayor Island (Ewart et 
aI., 1968) . There is a nearly linear increase in total alkalis 
between 46 and about 66 % silica. The decline in total alkalis 
at higher silica values is certainly due in part to the constant 
sum effect but it could be accentuated by the separation of 
an alkaline vapour phase as proposed by Gibson (1972) to 
explain chemical differences between the pre- and post
caldera suites of Fantale, and by Lindsley et al. (1971) to 
account for the separation of a peralkaline residuum from 
the Picture Gorge basalt. It could also be influenced by 
extensive fractionation of alkali feldspar or a soda-rich 
mineral such as aenigmatite or acmitic pyroxene, all of 
which are present as phenocrysts in some of the Edziza 
comendites. 
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Minor elements 

Two groups of minor element analyses were run on the 
same powders prepared for the major element analyses 
(Appendix 2) . The first group of 90 samples was analyzed 
by Acme Analytical Laboratories of Vancouver, for Sr, Cr, 
Ni, Co, Cu, Zn, V, Cd, La, and Th using an inductively 
coupled argon plasma (ICP) method. A second group of 19 
samples was analyzed by C. Hickson for Ba, Rb, and Y, 
using XRF spectrometry. 

Nova Track Analysts Limited of Vancouver analyzed 
ten samples by neutron activation for the rare-earth elements 
La, Ce, Nd, Sm, Eu, Tb, Yb, and Lu (Appendix 3). 

Minor-element distribution 

The variation in minor element abundances within a 
suite of genetically related rocks should ideally reflect the 
major-element chemistry in a predictable and systematic 
manner. In the case of a fractionation series the minor
element variation is controlled by the crystallliquid partition 
coefficients (KD) for each of the minor elements in the melt 
and by the order in which the different cumulate phases are 
removed by fractionation. However, the KD values for any 
given element (Irving, 1978 ; Berman, 1981) may vary 
widely depending on bulk composition, temperature , pres
sure, and oxygen fugacity . Also , many trace elements are 
concentrated in minerals such as apatite and zircon which 
form small crystals and consequently have very slow set
tling rates. As a result, such elements may remain sus
pended in the melt long after they have been partitioned into 
a mineral phase. In view of these difficulties , a quantitative 
treatment of trace-element behaviour was not attempted but 
the affinity of certain trace elements for specific cumulate 
phases is so strong that their variation provides at least a 
qualitative test of fractionation processes. 

The variation of 12 trace-elements with respect to 
increasing silica (Fig. 243) shows four types of trends: (1) 
abrupt depletion between 45 and 58 % silica; (2) systematic 
depletion over the entire range of silica values; (3) sys
tematic increase over the entire range of silica values; and 
(4) increase to a maximum at an intermediate silica value 
followed by depletion. 

The first type is illustrated by Ni, Co, Cr, V and Sr, 
all of which decrease at least an order of magnitude between 
45 and 58 % silica and are near or below detection limits in 
the more siliceous end members. Major-element variations 
across this same silica range show a sharp decline in MgO, 
CaO, FeO, Ti02 and P20 S probably caused by the early 
fractionation of olivine, plagioclase, pyroxene, titaniferous 
magnetite and apatite. The affinity of olivine for Ni 
(KD,,-20) and Co (KD"-3) would account for the sharp 
decline in nickel and the somewhat slower decline in cobalt 
with increasing silica. The decrease in Cr (KD > 100) and 
V (KD'\AO) is probably due to removal of these elements in 
titanomagnetite (or other iron titanium oxide) during the 
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early stages of fractionation . The sharp decrease in stron
tium between 45 and 50% silica and somewhat slower 
decrease between 50 and 58 % silica can be explained by 
strong initial fractionation of plagioclase (KD"-2-4). The 
abrupt decrease in P20 S between 45 and 50% silica sug
gests that apatite was one of the first mineral phases sepa
rated from the melt. Its occurrence as tiny prisms with 
extremely slow settling rates (Shaw, 1965) preclude its 
removal as an independent phase. Instead, an early formed 
suspension of apatite microlites may have been scavenged 
from the melt as inclusions in minerals such as olivine and 
plagioclase which form larger crystals with higher settling 
rates . 

Elements which show a systematic decrease across the 
entire range of silica values (Cu, Cd) appear to correlate 
with FeO which displays a linear decrease across the entire 
suite. Depletion of these elements could be caused by the 
removal of pyroxene and opaque oxides which , from petro
graphic observations , continued to separate throughout the 
entire fractionation process . 

The increase of 4 elements La , Th, Rb and Y with 
increasing silica is explained by the very low distribution 
coefficients (KD « 1) with respect to any of the cumulate 
phases that are believed to have separated from the Edziza 
suite . They have behaved as incompatible elements, 
excluded by all of the crystalline phases, and thus concen
trated in the residual liquid . 

Barium shows considerable analytical scatter but it 
roughly parallels the variation of Na20 and K20 which 
increase up to a maximum at about 58 % silica and then 
decline. The initial increase in both alkalis and Ba probably 
results from the fractionation of large quantities of 
plagioclase and mafic minerals. As the residual liquid 
became increasingly alkaline the proportion of K20 and Ba 
entering the feldspar structure also increased. Because of the 
strong affinity of potassium feldspar for Ba (KD,,-3-10) a 
decrease of Ba would be expected soon after the appearance 
of an alkali feldspar on the liquidus . The subsequent separa
tion of relatively large amounts of alkali feldspar would 
effectively scavenge any remaining barium from the melt, 
leaving the felsic end-members barium-depleted . 

Rare-earth elements 

Chondrite-normalized rare-earth patterns and trace
element variation for a group of ten representative samples 
(Fig. 244) are distinctly different for the basic and felsic 
rocks. The felsic rocks show a fifteen-fold increase in light 
REE abundances compared to a much smaller increase of 
two to five times in the heavy rare-earths . 

The basic suite shows a progressive increase in EREE 
from alkali olivine basalt through hawaiite, mugearite and 
trachybasalt to benmoreite, but there is little change in the 
ratio of light to heavy REE. Europium is either undepleted 
or displays only a slight decrease relative to Sm and Tb . In 



contrast the felsic rocks, trachyte, comenditic trachyte and 
comendite, show a large increase in both LREE and the ratio 
of light to heavy REE and europium shows a strong negative 
anomaly. 

The relatively uniform light to heavy REE ratios in the 
basic suite support the other major- and trace-element evi
dence for early removal of olivine, for which the crystallliq
uid partition coefficients are almost the same for both light 
and heavy rare-earths (Irving, 1978). This is further sup
ported by the progressive depletion of Ni with increasing 
EREE (Fig. 244). 

Because of its strong affinity for the REE, apatite 
(KD "v50) may exert an overriding influence on the 
distribution of rare-earth and other incompatible elements 
such as Zr, Nb, Ce, U (Nagasawa, 1970; Zielinski, 1975) . 
In the case of the Mount Edziza Volcanic Complex, PzOs 
was effectively removed by early fractionation of apatite, 
before the incompatible elements had been concentrated in 
the melt. Thus, despite the high bulk distribution coeffi
cients, the removal of incompatible elements by apatite was 
small, and their exclusion by subsequent cumulate phases 
led to the observed increase in the more highly fractionated 
rocks. 
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The increase in the ratio of light to heavy REE in the 
trachytes and comendites having high EREE abundances is 
probably due to extensive removal of an Fe-Ti oxide during 
the middle stages of fractionation . Ilmenite/liquid partition 
coefficients at l140°C are an order of magnitude higher for 
Tm and Yb than for Ce (McKay and Weill, 1976). Thus 
separation of an oxide would leave the residual liquid rela
tively enriched in the light rare-earths. The fractionation of 
an Fe-Ti oxide phase is supported by the sharp decrease in 
both Fe and Ti abundances on the SiOz variation diagram 
(Fig 240). 

The pronounced negative Eu anomaly in the REE pro
files of the trachytes and comendites confirms the impor
tance of feldspar fractionation in the origin of these rocks. 
The effect of feldspar removal is also seen in the abundances 
of Sr and Ba (Fig. 244). These elements , which are concen
trated in the feldspar structure, decrease in concentration 
from 5-70 ppm in the basic suite to less than 1 ppm in the 
trachytes and comendites. The distribution of K20 with 
respect to EREE is also instructive (Fig . 240). The decline 
in Ni, due to olivine separation, was accompanied by sys
tematic increase in K20 in the residual magma up to a max
imum of 5.6% in the most primitive trachyte (No. 11) . The 
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subsequent fall in K20 in the felsic rocks, having still 
higher ~REE abundances, suggests that the late stage sepa
ration of alkali feldspar was an important factor in the evolu
tion of the felsic suite. 

Rb, Sr and Sr isotopes 

Rb, Sr and Sr isotopic compositIOns of repre
sentative rocks from the Mount Edziza Volcanic Com
plex are reported in Souther et al. (1984) from which the 
following summary is taken. Eleven rocks and one feldspar 

separate were analyzed for Rb, Sr and Sr isotopic composi
tion (Table 28). The present-day isotopic 87Sr/ 86Sr ratios 
vary from 0.7026 to 0.720. The basalts, relatively rich in 
Sr and low in Rb/Sr ratio, are for the most part between 
0.7026 and 0.7029 and are not subject to any correction for 
in situ decay. Much of the more radiogenic Sr in other sam
ples is generated by Rb decay in rocks with very high Rb/Sr 
ratios and, because the ages of these rocks are known from 
K-Ar dating, initial ratios can be calculated (Table 28). The 
initial ratios are clearly variable, suggesting that the vol
canic suites have erupted without isotopic homogenization 
or rapid, closed-system fractionation. 

Table 28. Sr-isotope data and RblSr ratios of lavas of the Mount Edziza 
Volcanic Complex (from Souther et a/., 1984). 

Formation and Geographic Initial 
Sample no. lithology co-ordinates ppm Sr ppm Rb 87Rb/86Sr 87Sr/86Sr Age 87Sr/86Sr 

ML270665 Big Raven 57 0 51 .3' N 468 32 0.197 0.7029 -0.01 0.7029 
basalt 130 0 38.4' W 

SE442065 Kakiddi 57" 39.8' N 5.4 103 54.7 0.7036 0.30 ± 0.02 0.7034 
Trachyte 130 0 41 .2' W 

ML2902a65 Edziza 57" 41.8' N 145 103 2.06 0.7026 0.8 0.7026 
Trachyte 1300 42.5' W 

SE281967 Ice Peak 57" 40.4' N 467 75.5 0.4666 0.7029 -1 0.7029 
Trachyte 1300 36.1' W 

SE3815a67 Ice Peak 57042.5' N 13.5 82 17.6 0.7087 -1 0.7084 
Mugearite 1300 32.0' W 

SE2902a66 Pyramid 57" 37.3' N 0.8 119 408 0.7145 1.1 0.7081 
Comendite 130 0 37.1' W 

SE130172 Spectrum 570 26.4' N *1 .64 185 327 0.720 3.0 ± 0.1 0.7060 
Comendite 130 0 36.0' W 

SE140272 Spectrum 57" 26.0' N *2.10 190 265 0.718 3.4 ± 0.1 0.7053 
Comendite 1300 39.9' W 
glass 

SE190265 Armadillo 57" 32.3' N 5.2 136 76.4 0.7111 6.4 ± 02 0.7042 
Comenditic 1300 44.5' W 
glass 

ML300765 Armadillo 57 0 41.4' N 431 18.5 0.124 0.7029 -6.5 0.7029 
Basalt 1300 45.2' W 

SE142166 Raspberry 570 38.9' N 665 23.7 0.103 0.7033 6.4 ± 0.3 0.7033 
Hawaiite 1300 50.9' W 

SE142166 Raspberry 57" 38.9' N 1584 0.5 0.001 0.7027 11.4 ± 0.3 0.7027 
(Feldspar) 1300 50.9' W 

*Sr concentration determined by isotope dilution 

Rb and Sr concentrations were determined by replicate analysis of pressed powder pellets using X-ray fluorescence. U.S. 
Geological Survey rock standards were used for calibration; mass absorption coefficients were obtained from Mo Ka Compton 
scattering measurements. For concentrations above 20 ppm Rb/Sr ratios have a precision of 2% (1 0) and concentrations a precision 
of 5% (1 0). At low concentrations the precision is ± 1 ppm. Sr isotopic composition was measured on unspiked samples prepared 
using standard ion exchange techniques . Two samples with very low Sr were spiked with nearly pure 84Sr and the Sr concentrations 
thus determined by isotope dilution with a precision of 2% (1 0). The mass spectrometer (60 0 sector, 30 cm radius , solid source) is 
of U.S. National Bureau of Standards design, modified by H. Fau!. Data aquisition is digitized and automated using a NOVA 
computer. Experimental data have been normalized to a 86Sr/88Sr ratio of 0.1194 and adjusted so that the NBS standard SrC03 
(SRM987) gives a 87Sr/B6Sr ratio of .71022 ± 2 and the Eimer and Amend Sr a ratio of 0.70800 ± 2. The precision of a single 
87Sr/B6Sr ratio is 0.00013 (1 0). Rb-Sr dates are based on a Rb decay constant of 1.42 x 10-11 a-1. 
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The extremely low Sr contents of more fractionated 
rocks are evident in Figure 245 , which compares Sr abun
dance and initial isotopic composition of the Edziza suite 
with volcanic arc and ocean-floor samples of a global com
pilation (Faure and Powell, 1972). The Edziza trend lies 
outside the arc field, either with lower 87Sr/86Sr ratio for 
samples rich in Sr or with much lower Sr content for sam
ples enriched in radiogenic Sr. The observed pattern is like 
that of the Rainbow Range, another peralkaline central vol
canic complex in British Columbia (Bevier , 1981). 

Radiogenic Sr in low-Sr rocks at the time of eruption 
can be expl ained by contamination or by radiogenic 
accumulation during residence in a magma chamber prior 
to eruption. Both explanations may apply to Mount Edziza. 

Two samples (Table 28, nos. SE142166, SE3815a67) 
show clear evidence of contamination with radiogenic, 
probably crustal, Sr. They are shown with distinctive sym
bols (Fig . 245 ,246,247) to distinguish them from samples 
for which contamination is less certain or unimportant. The 
Raspberry Formation basalt-feldspar pair is discordant 
(Table 28, no . SEI42166) ; the matrix rock is more radio
genic , yet lower in Sr. The difference cannot be explained 
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Figure 245. Plot of initial 87Sr/86Sr vs. Sr abundance, 
showing the trend of isotopic compositions of the Edziza suite 
(dotted line) compared to the fields (shaded) for volcanic arc 
and ocean floor samples. The feldspar sample (Table 28, no. 
SE412166) plots outside the diagram. The two anomalous 
samples, Raspberry (no. 1) and Ice Peak (no. 2), are 
attributed to crustal contamination (from Souther et al., 1984). 
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ratios of two samples, Raspberry (no. 1) and Ice Peak (no. 
2), are attributed to contamination with radiogenic crustal Sr. 
The high 87Sr/86Sr and low Sr of the more differentiated end 
members are probably due to extreme feldspar fractionation 
and growth of 87Sr during residence of the magma in crustal 
reservoirs, or to contamination with a low Sr and high 
87Sr/86Sr magma that might be produced by extreme fractio
nation of a hybrid magma such as the Ice Peak (no. 2). In this 
diagram, mixing of two components produces a linear spread 
of pOints, with the pure components lying at or beyond the 
ends of the line defined by observed analyses. The nature of 
possible components involved in mixing processes that might 
produce the Mount Edziza Volcanic Complex magmas is indi
cated in the diagram (from Souther et al., 1984). 
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berry (no. 1) and Ice Peak (no. 2), are attributed to crustal con
tamination. The increasing 87Sr/86Sr ratios in more highly 
differentiated end members may be due to the growth of 87Sr 
during residence of the magma in crustal reservoirs for 
periods of 0.7 to 1 Ma or to contamination with Sr-depleted 
but moderately radiogenic material (from Souther et al. , 
1984). 
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by age or error. The rock has acquired radiogenic Sr 
between the time of feldspar crystallization and eruption. 
Mugearite from the Ice Peak Formation (Table 28, no. 
SE3815a67) is likewise much too enriched in radiogenic Sr 
to be explained by any process other than contamination 
with crustal Sr. In the Ice Peak Formation, excess radio
genic Sr (Fig. 230,245) is associated with excess Ar, a prob
lem that is most serious and virtually unique to the Ice Peak 
Formation. Whatever process supplied the radiogenic Ar 
may also have added radiogenic Sr and contributed to the 
distinctive chemical character of the Ice Peak rocks . 
Hybridization with fractionation, rather than close-system 
fractionation is indicated. 

The high-Sr, low-initial-ratio basalts and the feldspar 
separate indicate a mafic magma source with 450 ppm Sr 
and 87Sr/ 86Sr approximately 0.7028 ± 0.0001. These 
values are typical of mantle sources, in the range observed 
for ocean-ridge basalts, and somewhat lower than the values 
reported for plume-type sources (Hart and Brooks, 1981). 
Low Sr in more differentiated rocks is usually attributed to 
removal of large amounts of feldspar by fractional crystalli
zation (Bevier, 1981) . This is required to achieve the 
87Rb/ 86Sr ratios that exceed 100. 

In rocks with 87Rb/ 86Sr ratios greater than 50, the 
growth of 87Sr is relatively rapid . The isochron diagram 
(Fig. 247) suggests that radiogenic Sr-enrichment in all 
samples, except the two already discussed, could be 
produced in time intervals of 0.7 to 1.0 Ma. If no contami
nation has occurred , these times would be effective pre
eruption residence times for the respective magmas. The 
actual residence times would be greater if the magma were 
undergoing progressive fractionation and increase in Rb/Sr 
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ratio while awaiting eruption. Comparable initial isochrons 
of 0 .6 to 0.9 Ma have been observed for other young per
alkaline volcanoes in British Columbia (Hoodoo Mountain, 
unpublished data; Rainbow Range, Bevier, 1981) and else
where (Gibson, 1972). The similar results for volcanoes on 
different types of crust lends favour to the idea that a com
mon process, residence of high Rb/Sr magmas in the crust 
prior to eruption, may be in effect. 

The alternate view, that the radiogenic additions are 
simply contamination, is suggested in Figures 245 and 246. 
According to Faure (1977), simple end-member mixing 
should produce a hyperbola on 87Sr/ 86Sr versus Sr and a 
straight line on 87Sr/ 86Sr versus I/Sr. The low-Sr Edziza 
rocks follow the expected patterns but require an un
usual contaminant, one that is fairly radiogenic 
(87Sr/ 86Sr>0.7081) and very low in Sr « 1 ppm). No 
familiar crustal rock would qualify, but the crust
contaminated Ice Peak magma, after further extreme frac
tionation to give the low Sr content, would provide a possi
ble contaminant for the rock series. It seems rather 
contrived to have such material repeatedly available or 
repeatedly created during the long history of the volcanic 
complex, but that possibility cannot be ruled out. 

The radiogenic initial Sr enrichments observed in 
Edziza rocks are probably of complex origin, in part direct 
contamination , in part contamination during fractionation, 
in part the result of magma mixing, and in part the result 
of Rb decay in materials with high Rb/Sr ratio during resi
dence in magma chambers for periods of as much as 1 Ma. 
Some of these complexities were recognized by Stettler and 
Allegre (1979) in their study of a slightly older alkaline vol
cano in France. 
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PETROGENESIS 

MAJOR-ELEMENT MODEL 

T he cyclical repetition of basalt, trachyte, comen
dite eruption sequences (Table 29) and the rela

tively smooth compositional variation within and between 
the end member groups (Fig . 241,242) suggest a close 
genetic relationship between the basic and felsic members 
of the Mount Edziza Volcanic Complex. Moreover, the 
minor element abundances (Fig. 243), the distribution of the 
rare-earth elements (Fig. 244) and the anomalously low Sr 
in rocks with high 87Sr/ 86Sr ratios (Fig. 246) can be 
explained, at least qualitatively, by the early fractionation 
of olivine and pyroxene, followed by removal of feldspar. 

Several authors have shown that fractional crystallization of 
alkaline basaltic magma can lead to an oversaturated, per
alkaline residuum (Lindsley et aI., 1971; Gibson, 1972; 
Barberi et aI., 1975; Bryan, 1976; Self and Gunn, 1976). 
In order to test the ability of crystal fractionation to produce 
the range of compositions observed in the Mount Edziza 
Volcanic Complex solutions were sought to least-squares, 
mass balance equations using a program developed by Alba
rede and Provost (1977) . The published results of this 
modelling are reproduced here from Souther and Hickson 
(1984). In all calculations the whole-rock and mineral ana
lyses were assigned an error value of ± 2 % of the concen
tration of each element present. In the final solutions, 

Table 29. Table of formations, listing the prinCipal lithologies, estimated volumes and radiometric 
ages, and their possible relationship to 5 basalt-trachyte-comendite magmatic cycles. 

Magmatic 
cycle Formation Lithology Volume km3 Age Ma 

Sheep Track Trachyte < 1.0 <0.002 
5 

Big Raven Alkali olivine basalt 1.7 0.002 
Hawaiite 

Kakiddi Trachyte 8.3 0.3 

4 Klastline Alkali olivine basalt 5.4 0.62 

Arctic Lake Alkali olivine basalt 2.0 0.71 

Edziza Trachyte 
Comenditic trachyte 18 0.9 

3 Pillow Ridge Alkali olivine basalt 2.9 0.9 

Ice Peak Alkali olivine basalt 76.7 -1 
hawaiite, mugearite 
benmoreite, trachyte 

Pyramid Trachyte 
comendite, pantellerite 

11.4 1.1 

2 Spectrum Trachyte, comendite and 118 3.1 
pantelleritic trachyte, 
rhyolite 

Nido Alkali olivine basalt, 127 4.4 
hawaiite 

Armadillo Alkali olivine basalt 50 
comendite, trachyte 109 6.3 

1 Little Iskut Trachybasalt 14.6 7.2 

Raspberry Alkali olivine basalt 119 7.4 
hawaiite 
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reported residuals of less than 1.0 indicate that the calcu
lated solution is within the assigned 2 % analytical error 
value. 

An attempt was made to choose aphanitic rocks for 
the mathematical modelling. Eight analyzed rocks listed 
in Table 31 were selected as end members for the fractio
nation models (no. 36, 43,58,78,2896,28,2883,51). Of 
these the alkali olivine basalt (no. 36) is the only truly 
aphyric rock. It has the lowest silica and alkali contents , the 
lowest agpaitic index, and the lowest I: REE, suggesting 
that it is the least fractionated member of the suite and prob
ably most closely approaches the composition of the pri
mary magma. Attempts to calculate the derivation of 
oversaturated rocks directly from alkali olivine basalt gave 
nonconverging solutions, but a good fit was achieved using 
a multistage model (Fig. 248,249) in which the cumulate 
assemblage changes as fractionation progresses. 

Both cumulate inclusions and phenocrysts are used in 
the fractionation models . Inclusions of olivine gabbro in 
trachytic tephra are believed to be representative of the 
cumulate assemblage separated during the initial stage of 
fractionation from basalt to trachyte (Table 31). Their 
mineralogy is similar to that of phenocrysts in the basalt, 
but minerals in the inclusions are more uniform in composi
tion and exhibit less zoning and reaction than the 
phenocrysts. No inclusions of late stage cumulate rocks 
were found in the oversaturated end members, but incom
plete separation of early formed minerals has left large, 
sparsely distributed, phenocrysts in the felsic rocks. These 
phenocrysts comprise minerals that were on the liquidus 
prior to eruption and their composition must approximate 
that of minerals separated in the late stages of fractionation. 

With the exception of apatite, which is too finely 
disseminated to analyze, the mineral compositions were 
determined by microprobe analysis (Table 31). Six stages 
of fractionation were tested (Fig. 248): (1) alkali olivine 
basalt to hawaiite; (2) alkali olivine basalt to trachybasalt; 
(3) alkali olivine basalt to trachyte; (4) trachybasalt to 
comendite; (5) trachybasalt to trachyte; (6) trachyte to 
comendite. Each of the parent-daughter magma-pairs 

Alkali '" " 
olivine -,-' 
basalt -' 

Hawaiite 

,,-@] 
FRACTIONATION TRENDS 

Conduit system - .. -
Static reservoir -

Comendite 

Figure 248. Flow chart showing the various lines of liquid 
descent modelled in Table 30 and summarized in Figure 249 
(from Souther and Hickson, 1984). Chemical analyses of the 
end members are listed in Appendix 2. 
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listed above yielded solutions in which the adjusted mineral 
and whole-rock compositions are within the 2070 analytical 
error. The results are listed in Table 30 and summarized 
in Figures 248, 249. 

ALKALI OLIVINE BASALT
TRACHYBASAL T -TRACHYTE
COMENDITE 

The closest approach to the actual line of liquid descent 
is probably given by the sequence alkali olivine basalt
trachybasalt-trachyte-comendite (Fig. 249A) . Early 
removal of olivine, titanaugite, magnetite and plagioclase in 
approximately the proportions observed in the cumulate 
nodules would account for the sharp decrease in MgO, 
Ti02, and CaO seen on the silica variation diagrams (Fig. 
240). Also the extensive fractionation of plagioclase, having 
a higher Na20 to K20 ratio than the alkali olivine basalt, 
would drive the residual liquid toward K20-enrichment 
with a composition analogous to the trachybasalt 
(plagioclase effect of Bowen, 1945). The derivation of up 
to 20 % trachyte from trachybasalt is accomplished by con
tinued fractionation of the nodule assemblage of minerals 
plus alkali feldspar having the composition of phenocrysts 
in the trachybasalt (Kf" Table 31). The removal of alkali 
feldspar with Na20lK20 ratios lower than the trachybasalt 
would drive the residual toward a soda-rich liquid analogous 
to the trachyte. 

Trachyte appears to be the most acceptable starting 
material from which to derive the oversaturated, peralkaline 
end members. The separation of alkali feldspar plus a small 
amount of olivine (FO I6) and hedenbergite from trachyte is 
capable of producing at least 62 % of residual liquid having 
the composition of comendite (Fig . 249A). The depletion of 
Al20 3 relative to the alkalis during this final stage of alkali 
feldspar fractionation drives the residual liquid toward a 
peralkaline composition. 

The fractionation of large amounts of alkali feldspar 
relative to mafic phases suggested by this model is in close 
agreement with the process proposed by Gibson (1972) to 
explain the later stages of fractionation of the Fantale lavas. 

ALKALI OLIVINE BASALT
TRACHYTE-COMENDITE 

The use of trachybasalt as an intermediate stage in the 
foregoing model is justified by the stratigraphic position of 
Little Iskut trachybasaJt between Raspberry alkali olivine 
basalt and Armadillo trachyte and comendite (Table 29). 
However, iftrachybasalt was an essential stage on the liquid 
line of descent, it was not tapped and erupted in any signifi
cant amount during subsequent magmatic cycles which 
include both alkali olivine basalt and trachyte. The deriva
tion of trachyte directly from alkali olivine basalt was tested 
in two models. The first (Fig . 249B) uses Raspberry alkali 
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Figure 249. Schematic diagrams showing the cumulate phases removed and 
proportion of liquid remaining according to the least squares calculations listed in 
Table 30. Models A and B, which involve crystal fractionation only, each result in about 
20% trachyte or about 12% comendite. Model C which involves both crystal fractiona
tion and vopour transfer of 2.5% of Si02 during the mid and late stages of fractiona
tion, yields about 20% comendite. Model D, using Nido basalt (no. 43) as a starting 
material, yields 12.4% trachyte (no. 28) and fractionation of similar trachyte (no. 2896) 
yields 37.5% comendite or 4.6% of the parent basalt. Model E yields about 80% 
hawaiite comprising a mixture of feldspar phenocrysts and liquid, a cumulate rock that 
does not lie on the main line of liquid descent leading to the peralkaline end members 
(from Souther and Hickson, 1984). 

269 



MOUNT EDZIZA 

olivine basalt (no. 36) as the parent magma and produces 
20% of Armadillo trachyte (no. 2896) by fractionating the 
mineral constituents of the cumulate inclusions (olivine, 
pyroxene, plagioclase, titaniferous magnetite and apatite) 
plus alkali feldspar (Kfl' Table 31). The second model 
(Fig. 249D) derives 12.4% of Spectrum trachyte (no. 28) 
from a slightly porphyritic Nido alkali olivine basalt (no. 43) 
by fractionating the same cumulate phases except that the 
magnetite from the Nido was used. Fractionation of mainly 
alkali feldspar from a similar trachyte (no. 2896) yields 
37 .5 % liquid having the composition of comendite (no . 
2883) for a net yield of only 4 .6% comendite from the par
ent basalt (Fig. 249D). This is substantially less than the 
12.1 % yield of model A (Fig. 249A), and leads to a negative 
pyroxene value in the cumulate, suggesting incomplete 
separation. Both models provide good fits in which all 
residuals are within the limits of analytical error (Table 30) . 

ALKALI OLIVINE BASALT
TRACHYBASAL T -COMENDITE 

An alternative model in which trachybasalt, derived 
from an alkali olivine basalt parent, is fractionated directly 
to comendite is summarized in Figure 249C. This model has 
the advantage of producing a relatively large amount of 
comenditic liquid but it requires a departure from pure crys
tal fractionation in order to adjust the silica values . By 
including quartz with the cumulate phases a good fit is 
obtained between trachybasalt (no. 58) and comendite 
(no. 51) but the solution leads to a negative quartz value of 
4.11 % in the cumulate assemblage. Thus the model requires 
a net transfer of approximately 2.5 % silica to the residual 
liquid. The occurrence of quartz as a late, cavity filling 
mineral in most of the comendites indicates that silica was 
redistributed by a vapour phase during final cooling. The 

Table 30. Major-element models. All reduced residuals in all moC!els are I~ss th~n 1 (from. Souther 
and Hickson, 1984). Initial rock compositions used in the calculations are listed In AppendiX 2, and 
the compositions of minerals used as cumulate phases are listed in Appendix 1. 

Alkali olivine basalt (#36) to Trachybasalt (#58) 

01, Px, Pc, Mt, Ap 

Mineral (0/0) 20.59 10.50 51.05 17.10 0.75 
Stnd. deviation 1.85 3.50 4.62 0.92 0.25 
Percentage of trachybasalt remaining = 57.6 

Standard deviation = 3.65 

Initial compositions 

01, Px, Pc, Mt, +Ap Trachybasalt Alk. 01. basalt 

SiO 38.920 50.780 49.320 0.220 0.0 52.330 46.200 

~i1633 0.020 4 .090 31 .370 2.730 0 .0 15.930 16.630 
0.020 0.940 0.0 23.470 0 .0 2.740 3.450 

tF~T 21.430 6.870 0.460 67.500 0.0 10.770 13.180 

rrgca 
0.0 0.0 0.0 0.0 40 .000 0 .590 0.470 

39.650 14.770 0.0 3.490 0.0 3 .570 6.580 
CaO 0.290 21 .370 14.710 0.020 54.000 6.980 8.450 
Na6° 0.0 0.450 3.110 0.0 0.0 4 .130 3.080 
K2 0.0 0.020 0.100 0.0 0.0 2.240 1.340 

Reduced residuals 

01, Px, Pc, Mt, Ap Trachybasalt Alk. 01. basalt 

SiO 0.034 0.022 0.105 0.001 0 .000 0.290 0.446 

~i1633 -0.001 -0.003 -0.107 -0.004 -0.000 -0.147 0.265 
-0.015 -0.015 -0.036 -0.298 -0.001 -0.355 0.734 

tFeb T 0.121 0.022 0.020 0.308 0 .000 0.412 -0.862 

rrgca 
0.000 0.000 0.001 0.000 0 .001 0.004 -0.006 

-0.151 -0.030 -0.009 -0.014 -0.000 -0.110 0.317 
CaO -0.000 -0.003 -0.011 -0.000 -0.001 -0.014 0.029 

Nat? 0.001 0.001 0.012 0.001 0.000 0.038 -0.052 
K2 -0.013 -0.007 -0.035 -0.011 -0.000 -0.271 0.340 

Trachybasalt (#58) to Trachy1e (#2896) 

01, Px, Pc, Mt, Ap Kf, 

Mineral (0/0) 5.76 16.37 23.16 16.76 2.18 35.76 
Stnd. deviation .91 2.27 4.11 0.46 0 .16 6.54 
Percentage of trachybasalt remaining = 34.4 

Standard deviation = 8.4 
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ALKALI OLIVINE BASALT 
TO HAWAIITE 

PETROGENESIS 

development of a silica-rich volatile phase during the latter 
stages of fractionation may also have played a subsidiary 
role leading to silica-enrichment of the residual liquid . The 
importance of a volatile phase in the evolution of oversatu
rated peralkaline rocks has been emphasized by Kogarko 
(1974). This model suggests that volatile transfer may have 
contributed to the evolution of the most highly fractionated, 
silica-rich members of the Mount Edziza suite. 

Hawaiite is intermediate in composition between alkali 
olivine basalt and trachyte and its component oxides plot on 
the trends displayed by the variation diagrams (Fig . 
241,242) . However, most of the Mount Edziza Volcanic 
Complex hawaiites are highly porphyritic. Models using the 

Table 30 (cont.) 

Trachyte (#2896) to Comendite (#51) 

01 2 PX2 Kf2 Kf3 

Mineral (%) 5.19 4.93 54.59 35.29 
Stnd. deviation 1.04 1.56 9.71 4.97 
Percentage of comendite remaining = 62.0 

Standard deviation = 4.6 

Alkali olivine basalt (#36) to Trachyte (#2896) 

01, Px, Pc, Mt, Ap Kf, 

Mineral (%) 13.82 13.11 38.70 17.01 1.43 15.93 
Stnd. deviation 1.00 2.10 3.10 0.50 0.12 4.23 
Percentage of trachyte remaining = 20.3 

Standard deviation = 2.1 

Trachyte (#2896) to Comendite (#2883) 

01 2 PX4 Kf2 Kf3 Mt3 Ap 

Mineral (%) 5.64 -1.46 66.09 28.98 0.54 0.21 
Stnd. deviation 0.78 0.97 4.11 3.17 0.18 0.21 
Percentage of comendite remaining = 37.5 

Standard deviation = 0.10 

Alkali olivine basalt (#43) to Trachyte (#28) 

01, Px, Pc, Kf, Ap Mt, 

Mineral (%) 7.34 20.99 30.28 25.34 1.72 14.33 
Stnd. deviation 0.80 1.95 3.33 5.16 0.11 0.46 
Percentage of trachyte remaining =12.4 

Standard deviation = 0.21 

Trachyte (#58) to Comendite (#51) 

01, Px, Pc, Mt, Ap Kf, Q 

Mineral (%) 6.05 16.47 30.02 17.10 2.21 32.26 -4.11 
Stnd. deviation .93 2.49 4.51 0.47 0.16 7.13 2.37 
Percentage of comendite remaining = 35.6 

Standard deviation = 3.1 

Alkali olivine basalt (#36) to Hawaiite (#78) 

01 3 PX3 lime Pc, 

Mineral (%) 11 .11 7.76 3.48 77.64 % Liquid remaining = 53.05 
Stnd. deviation 1.34 3.88 0.40 24.64 Stnd. deviation = 2.72 

% Cumulate feldspar (Pc) = 37.53 
Stnd. deviation = 12.11 

% Cumulate apatite (Ap) = 0.37 
Stnd. deviation = 0.06 

% Hawaiite remaining = 91 .85 
Stnd. deviation = 14.89 
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Table 31. Major-element analyses of representative rocks and 
Microprobe analyses of representative mineral phases used in the petrological modelling. 
Notations in parentheses are identification codes, keyed to the models (Fig. 249, Table 30) 

FORMATION RASPBERRY LITTLE ISKUT ARMADILLO 

Oxides Alk . 01. Basalt Hawaiite Trachybasalt Trachyte Comendite Comendite 
(# 36) (# 78) (# 58) (# 2896) (# 2883) (# 51) 

SiO, 45.00 49.40 51.90 66.80 76.70 70 .60 
A1 , 03 16.20 18.30 15.80 15.10 8 .80 12. 80 
Fe, 03 3.60 4 .00 5.20 2.20 1.40 3 .80 
FeO 9.60 6 .50 6 .00 1.90 3 .10 0 .0 
CaO 8.23 7.83 6 .92 1.40 0 .30 0 .16 
MgO 6 .41 2.89 3 .54 0 .30 0.40 0 .27 
Na, O 3.00 4 .10 4 .10 5 .50 4 .90 5 .50 
K, O 1.31 1.67 2 .22 4 .90 3 .20 4 .90 
TiO, 3.36 2 .30 2. 72 0 .23 0 .07 0 .34 
P, O 0.46 0 .81 0.59 0.05 0 .0 0 .60 
MnO 0 .17 0 .16 0 .18 0.11 0 .0 0 .11 
S 0.06 0 .06 0 .10 0.0 0 .0 0 .0 
NiO 0.01 0 .0 0 .0 - - 0 .0 
Cr, 03 0.0 0 .0 0 .0 0.0 0 .0 0 .0 
CO 0 .0 1.20 1.20 0.0 0 .0 0 .0 
H, O 2 .6 1.00 1.00 0 .90 1.00 0 .60 

TOTAL 100.0 100.2 100.7 99.4 100.2 99.1 

FORMATION NIDO SPECTRUM 

Oxides Alk. 01 . Basalt Trachyte 
(# 43) (# 28 ) 

SiO, 46 .30 62 .40 
A1 , 03 15.60 14.40 
Fe,03 3.80 4 .70 
FeO 10.00 3. 70 
CaO 9 .75 1.36 
MgO 5.24 0 .32 
Na, O 3.30 7.10 
K, O 1.10 4 .80 
TiO, 3.08 0 .64 
P, O 0.61 0 .10 
MnO 0.19 0.20 
S 0.07 0 .08 
NiO 0.0 0 .01 
Cr, 03 0.0 0 .0 
CO 0.0 0 .0 
H, O 0 .40 0.40 

TOTAL 99.7 100.2 

FORMATION CUMULATE INCLUSION RASPBERRY 

Oxides Olivine Pyroxene Feldspar Magnetite Olivine Pyroxene Feldspar Ilmenite 
(0,) (Px, ) (pc ,) (Mt ,) (01 3) (PX3) (Pc, ) (lime) 

SiO, 38.92 50.78 49 .32 0 .22 38.46 49 .30 5 1.96 0 .11 
A1 , 03 0 .02 4 .09 31 .37 2.73 0 .0 2.96 29 .88 0 .04 
Fe, 03 0 .0 1.51 0 .51 47 .73 0 .0 2.06 0 .51 -
FeO 21.43 5 .57 0 .0 21 .97 22.20 10.83 0 .0 46 .58 
CaO 0 .29 21 .37 14.71 0 .02 0.29 19.69 12.93 0 .05 
MgO 39 .65 14.77 0 .0 3.49 3 9.44 12.57 0.0 2 .00 
Na, O 0 .0 0.45 3 .11 0 .0 0.0 0.44 4.07 0. 0 
K, O 0 .0 0 .02 0 .10 0 .0 0 .0 0.0 0 .22 0.0 
TiO, 0 .02 0 .94 0.0 23 .47 0.01 2 .00 0.0 51 .16 
MnO 0 .27 0.13 9.0 0 .55 0.25 0 .24 0.0 0.51 
NiO 0 .07 0.0 0.0 - 0 .13 0 .0 0.0 -
Cr, 03 0 .0 0.39 0 .0 0.02 0.0 0 .0 0.0 0 .04 
TOTAL 100.7 100.0 99 .1 100.2 100.8 100.1 99.6 100.5 

FORMATION LITTLE ISKUT SPECTRUM PYRAMID 

Oxides Feldspar Pyroxene Olivine Feldspar Feldspar Pyroxene Fe-Ti Oxide Fe-Ti Oxide 
(Kf,) (Px, ) (01 , ) (Kf, )rim (Kf,)core (Px4 ) 'F(Mt4 ) 'F(Mt, ) 

SiO, 62.36 48.49 31 .53 66.17 61 .26 49.58 0 .0 0 .0 
A1 , 03 21.98 0.12 0 .0 19.13 24 .20 0.76 0.0 0 .0 
Fe, 03 1.11 3.20 0.0 0.15 0.23 1.61 - -
FeO 0 .0 26.14 59.85 0 .0 0 .0 21 .36 65.45 77 .50 
CaO 4.90 19.18 0 .21 0 .69 6.03 20.19 0.0 0 .0 
MgO 0 .0 0.15 6 .44 0 .0 0 .0 5.56 0.0 0 .0 
Na, O 7.11 1.35 0.0 5.36 7.38 0.37 0 .0 0 .0 
K, O 2.18 0.0 0 .0 8 .25 1.24 0 .01 0 .0 0 .0 
TiO, 0 .05 0.42 0.01 0 .0 0 .0 0 .32 34.55 22 .50 
MnO 0 .03 1.12 2.32 0.0 0 .0 0.68 0 .0 0 .0 
NiO 0 .0 0.0 0 .0 0 .0 0.0 0 .0 0.0 0 .0 
Cr, 03 0 .0 0 .03 0 .0 0 .0 0.0 0.0 0 .0 0 .0 
TOTAL 99. 7 100.2 100.4 99.7 100.3 100.4 100.0 100.0 
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hawaiite composition as either the daughter product of alkali 
olivine basalt or the parent magma of trachyte either failed 
to converge or gave unacceptably large residuals. In order 
to derive the Edziza Complex hawaiite from alkali olivine 
basalt mathematically it was necessary to use different 
cumulate phases than those used in the foregoing models. 
Complex normal and reverse zoning of both feldspar 
(An7S-SS) and pyroxene (En30-5S) phases in the hawaiite, as 
well as a wide range of Fe-Ti ratios in the opaque oxides, 
makes the selection of cumulate phases difficult. A reasona
ble mathematical fit was achieved by using two feldspar 
compositions (Fig. 249E) which bracket the range of probe 
analyses. The solution yields 92 % residual of hawaiite com
position, comprising 59% liquid and 41 % feldspar. The 

PETROGENESIS 

model demonstrates that the porphyritic hawaiite can be der
ived from parental alkali olivine basalt with only slight frac
tionation. However, it also suggests that the Edziza 
hawaiites are accumulative rocks and do not represent inter
mediate compositions on the line of liquid descent leading 
from alkali olivine basalt to trachyte . The complex zoning 
of the phenocryst phases in the hawaiite compared with 
unzoned plagioclase in the cumulate nodules used in the 
alkali olivine basalt to trachybasalt model, suggests a very 
different environment of crystallization. The zoned crystals 
in the hawaiite must have formed in a dynamic environment, 
possibly a column of magma ascending more rapidly than 
the settling rate of the crystals, whereas the unzoned, cumu
late feldspars and pyroxenes used in the previous models 
must have crystallized in a uniform, static environment. 
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CONCLUSIONS 

T he long history of the Mount Edziza Volcanic 
Complex began almost ten million years ago with 

the eruption of basaltic magma from a source in the rolling 
hinterland east of the ancestral Coast Mountains of north
western British Columbia. The initial flood of basalt was 
followed by the eruption of silicic magma from a central 
vent. Because of their different physical properties the 
basaltic and silicic magmas resulted in very different land 
forms . The fluid basalt spread in thin flows to build a broad 
shield, whereas the more viscous, silicic magma piled up 
around its vent to form a composite central cone. Through
out its subsequent history this same pattern of activity was 
repeated at least four times from different groups of vents. 
Successive basaltic shields coalesced to form a composite 
volcanic plateau, and above the plateau four steep-sided 
composite, felsic volcanoes lie along the north-south axis of 
the volcanic complex. Episodic activity continued through 
several periods of regional and local glaciation, resulting in 
the construction of subglacial as well as subaerial volcanic 
landforms . The older elements of the complex have been 
greatly modified by glacial and fluvial erosion but the youn
gest, postglacial , lavas and cinder cones have undergone lit
tle change since they were erupted a few thousand years 
ago. 

The Mount Edziza Volcanic Complex is part of the 
Stikine Volcanic Belt which extends north across the central 
Coast Mountains and then swings northwest in a broad arc 
through central British Columbia into southern Yukon . The 
belt is defined by groups of post-Late Miocene alkaline vol
canoes which are crudely aligned within the belt along a 
series of north-south, en echelon segments . The Mount 
Edziza Volcanic Complex occupies a central position in the 
southern and best defined segment of the Stikine Volcanic 
Belt. The alignment of eruptive centres within the complex 
and the trace of associated normal faults reflect the north
south orientation of the segment as a whole. Normal faults 
which cut the volcanic succession show progressively 
greater offset of the older flows, suggesting that they are 
growth faults which were coeval with, and probably geneti
cally related to the volcanic activity. 

The Stikine Volcanic Belt lies entirely within Stikinia, 
the largest block of a composite terrane which was accreted 
to the continental margin in the Jurassic (Monger, 1984) . 
The tectonic setting during the life of the Mount Edziza Vol
canic Complex was probably similar to that at present, with 
right-lateral movement of about 5 .5 cm/a between the 
Pacific oceanic plate and the North American continent 
along northwesterly-trending faults of the Queen Charlotte 
system (Riddihough, 1977), coupled with weak convergent 
motion of about 1 to 2 cm/a (Hyndman and Ellis, 1981) . 
The en echelon segments of the Stikine Volcanic Belt lie 
about 300 krn inland from this margin . They are interpreted 
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to be gash fractures, zones of incipient east-west extension 
within the continental plate , possibly formed in response to 
shear along the plate margin (Souther, 1977) . 

The smaller centres of the Stikine Volcanic Belt are 
mostly monogenetic cones and small associated flows of 
alkali olivine basalt, many of which contain lherzolite nod
ules . In contrast, the Mount Edziza Volcanic Complex 
includes a significant volume of felsic as well as basaltic 
rocks in which lherzolite nodules are extremely rare and 
comparatively small. The basaltic rocks of the complex 
belong to the alkaline rock series . Ophitic to intergranular 
alkali olivine basalt, comprising calcic plagioclase, 
titaniferous augite , olivine and an iron-titanium oxide, is 
volumetrically the most abundant. Porphyritic hawaiite, 
containing large plagioclase phenocrysts, is commonly 
present in smaller amounts near the top of basaltic 
sequences. The felsic rocks are commonly peralkaline and 
include trachyte, comendite, and lesser amounts of pan
tellerite . The trachyte is a nearly pure K-feldspar rock, con
taining minor sodic amphibole, acmitic pyroxene, and an 
opaque oxide. With the appearance of interstitial quartz the 
trachyte grades into comendite, and with an increase in 
mafic constituents (arfvedsonite, aegirine , ferrohedenber
gite , aenigmatite) the comendite grades into pantellerite. A 
relatively small volume of rocks having intermediate com
positions ; trachybasalt, tristanite and mugearite, is confined 
mainly to two formations, the Little Iskut and the Ice Peak, 
where they occupy stratigraphic positions between major 
basaltic and felsic successions. The Edziza suite of rocks is 
chemically and mineralogically similar to other bimodal 
suites such as the Azores (Self and Gunn, J 976), the Afar 
depression (Barberi et aI., 1975) , parts of the Great Basin 
of the western United States (Noble and Parker , 1974) , and 
the Rainbow Range of central British Columbia (Bevier, 
1981). A continental, extensional tectonic environment is 
common to these peralkaline volcanic terranes, adding sup
port to the structural evidence that the en echelon segments 
of the Stikine Volcanic Belt are zones of incipient rifting, 
formed in response to east-west extension. 

The entire range of intermediate and felsic rocks in the 
Mount Edziza Volcanic Complex can be derived by crystal 
fractionation of a common alkali olivine basalt parent. 
Major element modelling indicates that it is possible to 
derive 12-20% comenditic residual melt and even larger 
volumes of intermediate liquids by fractionating mineral 
assemblages observed in phenocrysts and cumulate nodules . 
The major element model is consistent with the observed 
variation in trace element abundances, including the rare
earths . A 87Sr/86Sr ratio of 0.7028 ± 0.0001 indicates a 
mantle source for the alkali basalt, whereas the low Sr, high 
87Sr/86Sr values of the intermediate and felsic rocks are 
consistent with prolonged (± 1 Ma) feldspar fractionation in 
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high-level reservoirs (Souther et al., 1984). Also, the 
stratigraphic repetition of at least four magmatic cycles, 
each beginning with basalt followed by a lesser volume of 
of felsic lava, is consistent with the repeated injection of 
primitive, mantle-derived alkali olivine basalt into crustal 
magma chambers. 

The tectonic setting of the Mount Edziza Volcanic 
Complex, in a region of crustal extension, would favour the 
development of high-level reservoirs of sufficient size and 
thermal capacity to sustain prolonged fractionation. That 
such reservoirs did exist beneath the Mount Edziza Volcanic 
Complex is suggested by the paucity and small size of lher
zolite inclusions in the compositionally diverse Mount 
Edziza Volcanic Complex, compared with the abundance of 
larger nodules in lava erupted from adjacent, monogenetic 
alkali olivine basalt cones. Assuming a common mantle ori
gin for the alkali olivine basalt from both the central and 
peripheral vents, it is reasonable to suppose that lherzolite 
nodules were originally present in both . Conduits leading 
to the peripheral, monogenetic cinder cones, were narrow 
enough so that ascent velocities remained sufficiently high 
to transport the nodules to the surface. In contrast, much of 
the magma rising beneath the central, highly fractionated 
complex must have passed through large magma reservoirs . 
The resulting decrease in ascent velocity would allow any 
nodules to settle out and at the same time provide a favoura
ble environment for crystal fractionation. 

The initial fractionation of alkali olivine basalt magma 
to produce a trachytic residual liquid may have been accom
plished by crystal settling of calcic plagioclase, olivine, 
titanaugite and opaque oxides. Such a process is suggested 
by the cumulus texture of olivine gabbro inclusions in 
trachyte tephra . Crystal settling cannot account for the sepa
ration of alkali feldspar from trachyte to yield a comenditic 
residual liquid. Both the viscosity of the melt and the small 
density difference between melt and crystals preclude such 
a process . Crystallization of feldspar on the walls of the 
chamber and separation of the residual liquid by buoyant 
upflow, as proposed by McBirney (1980), offer a possible 
mechanism. The present study suggests that late stage crys
tal fractionation was accompanied by volatile transfer of sil
ica and alkalis. 

The fractionation model presented here provides a 
mechanism that is capable of deriving the felsic end mem
bers from a parent alkali olivine basalt, but in so doing the 
evolving magma must pass through a continuum of inter
mediate compositions. Although a range of intermediate 
rocks with compositions close to the theoretical line ofliquid 
descent is present in the Mount Edziza Volcanic Complex 
they are distinctly less abundant than the end members. An 
eruption mechanism in which buoyancy was the driving 
force could explain the bimodal character of the pile. Each 
magmatic cycle was initiated by a surge of alkali olivine 
basalt rising from the mantle. Because of its hydraulic con
tinuity with a fluid, magma-column extending into dense 
rocks at the base of the crust and upper mantle the magma 
would rise to the surface despite its relatively high specific 
gravity. The highly porphyritic hawaiites that commonly 
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terminate this initial phase of the cycle are probably the 
product of crystallization within the upper part of the con
duit system . They formed during the waning stages of basal
tic effusion from the mantle, when ascent velocities had 
fallen to a point where cooling and crystallization could 
begin but were still high enough to carry the crystal-liquid 
mixture to the surface without appreciable fractionation. 

Once the supply of new magma from the mantle ceased, 
any basaltic melt remaining in crustal reservoirs would no 
longer be driven to the surface by new material rising 
through a deep conduit system in high density, lower crustal 
rocks. Because of its high specific gravity (2 .7) relative to 
the enclosing rocks the trapped magma would stagnate, 
undergoing prolonged crystal fractionation until a silisic 
residual melt evolved having sufficiently low density to rise 
out of its crustal environment. Liquids of intermediate com
position, such as the trachybasalt, mugearite and benmoreite 
would thus tend to remain in the reservoirs , undergoing fur
ther fractionation until the density threshold was reached 
and the residual melt began its ascent to the surface. 

Spera et al. (1982) have calculated that characteristic 
residence times for the development of compositional heter
ogeneity in fractionating magma reservoirs is in the order 
of 106 years. This is in good agreement with the length of 
magmatic cycles in the Mount Edziza Volcanic Complex as 
determined by stratigraphy and age dates (Table 29), and 
with pre-eruption residence times of 0 .7-1.0 Ma suggested 
by Sr enrichment in felsic rocks of the complex (Fig . 247). 

The chemical diversity of the Mount Edziza Volcanic 
Complex compared with the uniformity of flanking, 
monogenetic, alkali-olivine-basalt centres is explained by 
its position over a zone of extension. Such a zone would 
favour the formation of crustal reservoirs having sufficient 
size to sustain the long periods of crystal fractionation 
required to generate the peralkaline , silisic residual 
magmas. 

There is no evidence that the geodynamic framework 
of the Stikine Volcanic Belt has changed significantly during 
the life of the Mount Edziza Volcanic Complex, nor is there 
any suggestion in the stratigraphy and petrochemistry of the 
volcanic pile that the recurring cycles of magmatic activity 
have come to an end . On the contrary, there is every reason 
to expect that the Mount Edziza Volcanic Complex and 
other centres in the Stikine Volcanic Belt will continue to 
erupt periodically as long as the present tectonic relationship 
between the North American and Pacific plates prevails. A 
few hundred years have lapsed since the effusion of Big 
Raven basalt and the explosive eruption of Sheep Track 
pumice, but the history of the Mount Edziza Volcanic Com
plex includes many such periods of dormancy. It may be 
another few hundred years before the next lava issues from 
a vent in the Stikine Volcanic Belt but sooner or later the 
next cycle will begin. When it does, some part of the present 
surface will be preserved beneath new lava, adding yet 
another layer of surficial deposits to the stratigraphic suc
cession, and recording another chapter in the continuing his
tory of the Mount Edziza Volcanic Complex . 
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APPENDIX 2 

Whole-rock chemistry 

Sample AR51 AR71 ARB3 ARB? AR2636 AR2656 AR2667 AR2668 AR2870 AR2878 ARlee! AR2Be3 AR2884 AR2685 AR2894 AR2896 8R9 BRG1 BRG7 BR920 CH37 CH41 

SIO} 70.60 46.40 70.10 72.10 45.60 44.40 47.80 4B.OO 79.70 78.60 78.00 76.70 77.50 46,10 66.60 6680 4790 5060 4840 il7.60 46.BO 4840 
TID} 0.34 3 14 0.25 038 3.29 4.05 2.40 245 032 0.34 033 0.07 0.32 316 0.37 0.23 249 2.09 2.04 1 44 266 284 
AI}O) 12.80 14,50 15.40 10.80 14.60 13.00 13.80 1390 8.90 a,40 8.40 8.80 8.40 13.90 'll.3D 15.10 1570 16.90 1660 i 3.80 16.50 17,10 

Fe}03 380 490 1.70 350 240 5.80 3.00 2.10 2.70 3 10 1.70 1,40 100 590 1 50 220 1.60 1 10 0.90 0.11 490 290 
FeO 0.0 8.60 0.50 2.70 11.10 9.20 10.40 10,40 1.90 1.50 2.80 3.10 340 8.00 4.00 1.90 10,40 880 990 1.20 7.20 9.00 
MnO 0.11 018 001 010 0.19 0.28 0,40 0.30 004 005 0.08 0.0 007 0.15 015 0.11 0.19 016 016 019 018 016 
MgO 0.27 6.09 0.39 0.27 5.50 3.40 1.60 1.80 030 040 0.40 040 0.30 6.90 0.40 0.30 6.48 508 7.54 16.00 6.53 5.50 
CaO 0.16 9.51 0.21 0.45 10.20 9.10 6.80 7.30 030 0.30 020 0.30 030 8.10 1.50 1.40 958 828 1090 6.70 971 7.76 

, NaO 5.50 3.20 6.10 3.70 280 280 3.50 3.60 410 440 4.50 4.90 540 2.90 5,40 5.50 3.50 4.30 3.00 3.00 300 4.00 
K,O 4.90 0.79 5.53 4.91 080 1.20 220 2.30 3.30 3.20 3.20 3.20 3 10 0.80 4.70 4.90 1.20 1.91 069 9.00 1.09 1.56 
p]OS 0.06 0.35 0.05 0.04 0.35 1.74 1.08 112 0.0 0.0 0.0 0.0 00 0.40 0.02 0.05 0.46 0.45 0.26 00 0.54 0.54 

H,O 00 020 00 00 030 220 550 480 00 00 010 100 00 00 100 00 00 00 00 00 00 00 
CO, 0.60 200 040 070 1.30 270 190 1 10 0.90 070 0.60 00 030 350 050 0.90 010 0.30 00 00 050 0.80 

Sa (ppm) n.d < Det nd n d nd nd n.d nd nd n.d n.d nd <Del n.d n.d 514 nd nd <Del n d n d 176 
Rb n.d < Del n.d n d nd n.d n.d nd 130 nd n.d nd 124 n.d n.d 91 n.d. nd <Del n d nd 19 
5, a 56 <Del 2 45 34 2a 11 2 <Det 3 nd <Del 50 2 2 51 23 53 19 117 93 

y nd 16 n.d nd n d nd nd n.d 76 nd nd nd 63 nd nd 33 nd nd 15 nd nd 21 
C, <Del 50 <Det <Del 23 <Det 2 <Del. <Det <Det <Del <Del 3 22 2 2. 92. 49 13 131 77 21 
N, <Del 31 <Det. <Det 30 6 2 <Del <Det <Det <Del <Det <Det 22 <Del <Det. 42 27 49 403 64 28 

(0 <Del 24 <Det <Det 23 21 13 11 <Det <Det <Del nd <Del 22 <Det <Det. 25 18 26 57 26 29 
Cu <Del 35 2 <Det 44 20 35 14 2 2 2 o.d <DN 23 3 5 55 42 38 38 42 24 
ln 172 80 188 220 79. 90 73 77 195 145 130 nd 22 85 137 86 84 73 61 76 70 92 
V 12 159 <Det 3 117 65 16 15 3 3 6 n.d <Det 134 <Det <Det 119 64 61 56 98 130 
Cd <Del 3 <Del <Del 4 3 4 3 <Det <Det 3 n.d <Del 2 <Det <DE't 3 3 3 4 3 4 
La 97 9 33 52 9. 22 25 26 157 28 187 n.d 3 16 54 94 18 20 7 6 20 25 
Th 7 <Del 9 9 <Det <Det <Del <De~. 6 8 3 n d <Det <Del. <Det 9 <Del <Del <Del <Del <Del < Del 

Sample Ell El4 El7 EZ12 EZ15 [268 IP2 IPll IP21 IP45 IP72 IP75 IP89 IP2640 IP2646 IP2648 IP2679 IP2680 IP2681 IP2684 IP2687 KI92 

510] 62.90 60.70 57.00 60.70 62.30 6300 5940 61.50 5650 54.00 59.80 46.80 52.90 48.30 4710 45.60 53.70 56.30 51.70 49.30 46.60 46.10 
TIO} 0.50 043 1.28 0.45 065 0.43 039 0.52 1.28 140 062 3.15 172 2.09 224 2.19 1.74 1.08 2.16 2.53 2.93 2.68 
AIZO) 14.80 15.00 1620 15.30 16.90 1530 19.20 16.90 17.40 1640 17.50 1540 1870 17.90 15.90 16.10 17.10 1710 17.10 16.00 15.90 16.50 
Fe 103 480 300 1.40 370 290 3.70 270 260 210 140 2.60 1.50 480 4.90 4.90 7.40 2.90 2.90 300 9.20 3.20 2.40 
FeO 3.00 5.10 6.60 440 2.70 3.80 2.00 350 5.90 7.10 350 10.50 330 5.30 640 4.BO 5.70 500 620 360 9.20 9.10 
MnO 0.21 023 020 021 015 0.18 011 015 017 0.20 014 0.18 0.09 0.12 0.13 0.13 0.16 0.17 019 0.17 015 0.20 
MgO 028 0.43 1.46 0.37 0.73 0.25 048 0.51 1.64 1 89 063 4.92 196 5.20 5.10 480 2.10 1.60 230 3.90 6.80 5.34 
CaO 1.57 1.72 3.85 1.67 1.48 1.19 1 65 162 354 476 203 958 6.57 9.80 11.20 10.90 5,80 4.60 630 8.60 8.40 9.87 
NaO 660 620 5.40 7.70 6.60 7.10 7.50 640 6.40 5.90 6.60 3.30 4.70 3.60 2.70 2.90 4.70 5.30 5.10 3.90 3.80 3.30 
K,O 5.13 4.94 4.09 5.03 5.78 4.68 5.17 5.61 4.18 3.54 5.24 0.87 2.76 0.90 090 090 2.70 2.10 2.80 1.60 1.40 1.15 
P}O~ 008 0.07 0.37 0.12 0.14 0.06 013 011 0.31 o 4a 0.14 039 0.37 0.30 0.30 030 0.38 0.16 0.53 0.78 0.49 0.45 

H,O 00 00 1.80 00 0.0 0.0 0.0 0.0 010 2.70 0.0 1.70 0.0 00 140 070 1.90 1.90 1.50 0.90 0.0 1.50 
CO, 040 1 50 020 020 0.30 0.70 0,40 0,50 0.50 0.70 0,70 1.70 2.40 1.30 080 1.80 0.70 080 0.70 0.50 0.30 1.30 

Sa (ppm) n.d 148 n.d nd n.d nd nd <Det. 678 n.d nd <Del nd n.d n.d n.d 703 <Det nd nd nd <Del 
Rb nd 90 n d n d n.d n d n.d 66 53 n.d nd nd n.d n.d n d nd nd n.d nd n.d n.d n.d. 
S, <Del 3 16 <Del <Det 2 3. <Del 14 21. 8 55. 128 107 n d 87 28. 26 23. 38. 40. 70 

Y n.d 45 n d n d n d n d n.d 27 30 n.d nd 16 nd nd n d nd 23 30 n.d n.d n.d 19 
C, <Del 2 7 <Det <Det <Del <Det <Del 9 22 <Del. 49 40 34 <Det 8 20 24 5 18 52 54 
N, <Del <Del 3 <Det <Del <Del <Det <Del 5 12 <Det 24 14 44 <Det 34 11 13 4 10 63 30 

Co <Del <Det 5. <Det. <Det <Det <Del <Det 6 7 <Del 21 8 21 n d 23. 11. o. 10. 10 26 24 
Cu 8 7. 10 8. 9 4 9 8 14 16 9 32 2a 31 n d 66 20. 39. 24. 21. 42. 38 
ln 134 198 95 114 93 242 82 95 114 104 103 78 89 53 n.d 58 88. 108 83 48. 63 77 
V <Det <Det 24 <Det <Det 2 <Det <Del 35 26 5 138 70 55 n d 46 57 37 51 53. 83. 126 
Cd <Det <Det 2 <Det <Det <Del <Det <Det 2 2 2 3 3 2 n d 2 3 2 2 <Det 2 4 
La 66 74 29 80. 42 90 41 46 43 39 44 9 39 9 n d 13 25. 36. 34 20. 20. 13 
Th 6 8 <Det 4 4 5 8 5 4 3 6 <Del 5 <Del n.d <Del <Det. <Det. 2 <Det <Dei <Det 

Sample KI99 KllOO KK6 KK19 KK2877 KI62 Ko28B6 Ll48 Ll55 Ll5B LlBl NI23 NI39 NI42 NI43 NI44 NI46 NI73 NI91 NI2651 NI2655 NI2669 

$10) 46.40 45.90 6190 5770 6320 5240 47.20 51.20 48.80 51.90 50.30 45.60 45.70 4620 4630 4910 4870 4560 4740 4660 ll630 4580 
TID] 2.88 249 0.44 113 043 1.62 2.17 2,54 3.08 2.72 1,61 3.29 2.26 355 308 220 273 3.79 240 343 309 282 
AI,,03 1570 1760 1640 1640 1680 1630 16.20 10.10 1510 1580 14.80 1390 1730 1570 i560 1660 16.40 2370 1620 15.30 " 40 16.30 
~e]OJ 3.50 190 4,20 340 1 30 0.90 3.90 440 560 520 4,50 600 250 250 380 240 410 1 70 140 580 480 240 
FeO 8.70 1020 2.00 450 400 790 7.80 6.60 680 600 810 7.20 870 1040 10.00 770 760 1290 10 40 790 900 1000 
MnO 0.21 0.18 015 0.19 013 014 017 020 0.26 018 0,19 016 016 0.17 019 o i9 018 019 018 020 018 018 
MgO 5.24 630 0.58 145 040 619 770 350 309 3.54 1 28 686 592 549 5.24 345 467 552 701 370 600 510 
CaO 9.77 8.51 1.38 3.33 160 6.53 8.80 6.92 8.29 692 4.56 8.91 8.95 9.S1 9.75 757 844 923 977 9.60 9 ao 880 
NaO 380 330 640 580 670 4.50 3.00 4.00 4.00 4.10 4.80 2.60 3.00 3.10 3.30 4,60 3.50 3,10 320 280 250 3.40 
K,O 1.21 1.08 5.31 4.19 5.20 2.57 090 2.21 2.29 2.22 2.96 0.79 1.01 1.47 1.10 2.20 1 43 099 096 0.70 070 1.10 
P}O~ 0.48 0.46 0,10 0.30 0.07 0.28 0.32 0.61 0.77 0.59 0.93 040 0.38 0.55 0.61 055 057 0.88 0,37 0.38 0.26 0.44 

H,O 1.40 090 00 0.30 010 0.0 040 0.0 1.00 1.00 4.80 00 270 0.0 0.40 2.80 1 60 1 60 00 260 0.30 290 
CO, 0.80 1.60 0.30 0.90 0.60 0.10 2.70 1.70 1.00 1.20 1.60 4.50 1.50 1.70 0.00 1,20 0.50 070 0.10 1.30 2.50 080 

Sa (ppm) <Det n.d n.d nd n.d. n.d. n.d 1128 471 71 1305 nd nd nd 13 nd 25 nd nd n.d nd 118 
Rb n,d, n.d n.d nd n.d. nd n.d 23 7 2. 33. n,d. n.d n.d 2 n.d <Det nd n.d n d nd <Del 
5, 68 lOS. 3 10. 15 16. 102 68 40 aa 17. 65 135. 91. 51. 83. 54. 31 61 4', 50 80 

y 19 29 <Del nd nd nd n d 25. 20 n.d 28. nd nd nd n.d n.d nd nd n d n.d nd 18 
C, 53 5 2 6 <Del. 46 40 10 41 <Det. <Det 2a 39 35 <Det 25 <Del 27 56 38 12 27 
N, ,27 17 <Del 4 <Det 88 30 8. 18 2 2 30 46 21 4 17 " 22 50 29. 29 31 

Co 24 29 <Det 5 <Det 22 28 14. 19 n.d. 8. n. 31. 24. nd 15 n.d. 22 27 24 25 29 
Cu 42 79 7 15. 9 38. 20 14. 29 n.d. 260. 38 25. 44. n.d. 22. n d 28 46 28 40 37 
ln 81 85 78 103 112 72 77. 84. 94. 12. 183. 72. 76. 87. " 98 12 76 76 66 80 89 
V 137 107 <Del 23 <Del 45 105 114 148 nd 6 70 109 197 nd 72 nd 66 93 104 118 103 
Cd 4 a <Dei 2 <Det 2 3 2 3 nd 4 2 4 4 nd 3 n d 3 4 2 4 5 
La 14 13 63 41 47 21 15. 26. 22 n.d. 42. 13. 15. 25 n.d 30 n.d 13 12 10 9 13 
Th <Del. <Det 7 2. 4 3 <Del <Det <Det n.d. <Det <Del <Det <Det n.d <Del n.d <Det <Del <Det <Det <Del 
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APPENDIX 2 (cont.) 

Sample N12673 NI267S NI2S76 N12677 PR59 PY13 PY25 PY95 PY96 PY98 RA36 RAS2 RA5G RAS6 RAS7 RA77 RA7a RASO RA2662 RA266~ SP17 SP26 

510 ) 46 &0 4390 4470 4S .60 4720 73 70 74 .20 73 .60 7480 73 20 4500 4760 .a600 46 10 46.90 45 lO 49 .40 4600 46 .50 4650 75.30 74 .90 
110 ; l06 3 14 3 18 244 1.90 01. 0.14 038 01. 040 336 2·9 3.01 217 24. 3 10 2.l0 2.84 2S9 301 017 0.17 
!:I. I; O! 1560 , 5 20 1550 1810 16.20 1260 1280 970 12 SO 1010 1620 16.50 1640 16 10 16 .20 1610 18.30 17.00 16.20 1870 11 .50 11 .70 
Fe-IO! 0.90 340 400 310 3 10 090 070 1 SO 220 410 360 330 5.10 370 , ,70 2 50 ·00 1 .80 2.20 3 SO 1.10 0 .60 
' .0 11 70 980 950 800 840 140 160 3.70 030 1.50 960 800 7.70 8 10 1010 1050 6 SO 8 .90 10.00 7.S0 1.50 2 .00 
MoO 0 .20 021 020 017 018 003 00. 010 030 009 017 o lS 0.21 0 .23 0.21 019 0 .16 0 .18 0.19 0.17 0 .05 0 .05 
MgO 340 3.80 410 4.30 7 S3 0 .31 0. 16 0.26 0 18 030 641 666 3 .24 69 1 5.75 4 .99 289 4 ,84 2.70 260 0.13 017 
(aO 7.20 890 810 980 10 .70 0 .30 0.31 0.31 007 029 823 8.96 8.10 880 902 8 .96 7.83 8.97 770 870 0.26 0.28 
NaO 410 3.60 3.80 3.50 2.80 5.20 5.50 5.30 4 .90 3.90 3 .00 3 10 3.90 2.10 2 .80 3 .20 4 .10 3.20 3 70 3.60 4.40 4,70 
K,O 1.80 1.40 1.50 1,10 066 4 .52 4 .60 .42 4 .57 4 .52 1.31 1 . " 1.39 0.93 0 .99 1.17 167 1.26 2.00 1.30 449 4.52 
p )O~ 058 0 .57 O.SS 0.31 0 .14 0 .02 0 .03 DOS 0 .05 00. 046 0 .40 0 .62 0.35 0 .34 0 .49 0 .81 0.47 1.19 0 .50 004 0.04 

",0 410 470 l .90 320 0 .50 00 00 0 .0 0 .0 00 0.0 0 .0 2.70 '00 3.10 2 .20 1.20 2.10 3 .80 3.20 00 0.0 
CO, 1 30 1.30 0 .90 1.20 0 .20 0.10 0 .20 0 .50 0 .0 1.30 2.60 1.90 1.30 3.20 0.80 1.80 1.00 2.10 1.20 \.00 0 .10 0.10 

8.:1 (DPm) n d n.d n d n .d nd n.d nd n.d . 3 <Del nd 44 n .d n .d nd n d n.d . n.d n .d n.d n .d < De l 
Rb n d n d n d n .d n .d n d n.d n .d 1\ 123 n.d 2 n .d n d n .d n.d n .d nd n.d n.d n .d 199. 
I , 41 128 48 90. 75 . <Del <Det. <Det . <Det. 3 219 . 120 73 17.2 . 113. 71. 77. 85 . 48 75. <Del. <Det. 

y nd n d od nd nd nd n d n.d n .d 35 od 16 nd nd n.d n.d n.d nd n d n.d. n.d 69 . 
C, <DeL 4 2 13 28 < Del <Del <Det <Det <Del 3' 60 6 40 10 . 12 3 23 2. 5 <Det <Det 
N, 2 9 10 20 79 <Det <Del <Det. 2. <Det 34 38 14 J? 16 24 7 25 5. 10 <Del. <Del 

Co 20 24 25 2. 29 <Det. < Det <De t. n.d. <Det. 29 28 28 29 30 3S 17 25 17 24 . <Dt>l <Det 
Cu 23 46 36 39 63. <Del < Det . <Det. n.d <0.1 28 25 2J 21. 16 31 18 26 26 4, 2 . <Det 
Zn 88 90 82 74 66 3 7 S. 19 138 82 88. 79 78 111 79 66 73 73 79 I 4 
v 49 84 86 92 62 <Del <Det . <Del . n.d 6 134 129 105 106 65 93 44 . 93 24 76 . <Det . <Det. 
Cd 5 5 4 4 3 <Del . <Det <Del . n .d <Det 4 3 3 3 2 • 3 4 4 3. <Del <Det 
La 25 18 20 12 10. < Det 1 <Det o .d 37 17 16 21 . 1. 13 12 21 . 14 26 16. 2 . <Det. 
Th <Del <Del <Det <Del < Del . <Det <Del <Del n d . 10 <Del <Det <Del <De: <Det <Del. <Det <Det . <Del . <Det <Del <Det 

Sam Dle ,·28 SP29 SP31 SP31 SP3d ,.2872 SP88 

S1D, 6240 75 .70 6830 6960 6640 71 90 S990 
T,O, 0.64 0 .1 8 05 1 037 0.61 050 0 27 
AI}O} III 1I0 , 210 1280 13 dO 1350 860 1800 
FI?'}Ol 470 1 70 530 2 .20 440 420 1 20 

'.0 3.70 00 1 50 2 40 3.10 3.20 340 
MnO 010 00 01 ' 0 .11 01. 011 013 
MgO 032 027 o 4S 013 0 .26 060 061 
C.O 1 36 023 0.66 0.62 060 0 .70 1.09 
NaO 7.10 300 6.20 6.10 5.90 S.OO 830 
K,O 480 4 .87 443 4.99 4 .66 3.20 5.18 
P1D~ 010 0 .04 0.06 OOS 0 .06 O.OS 0.09 

H,O 0 .0 0 .0 00 0.0 0 .0 00 0 .0 
(0, 0 .40 0 .90 030 0.20 050 190 1.30 

Ba (ppm) n.d < Del n .d nd <Del n .d n .d 
Rb n.d 222 nd n .d 119 n.d nd 
I, < Det <Det 2 . < Del <Del 8 2 

y nd 71 nd nd 50 o.d nd 
C, <Del <Del 2 <Del < Det <Del 2 
N, < Del <Det <Del <Del < Del <Del <0t>1 

Co <Del <Det <0t>1 <Del <Del <Del <Det 
Cu 3 <Del <Del 2 \ 3. 3 
2n 80 80 205 64 224 142 . 36 
v <Dl?'t <Del • <Del <Del 3 3 
(d <Del <Del < Del < Det <Det <Det < Del 
La 66 19' 99 114 89 195 22 
Th 2 5 11 7 3 S 2 

APPENDIX 3 

Rare-earth elements 

Sample La Nd Sm Ce Lu Eu Yb Tb 
No. ppm ppm ppm ppm ppm ppm ppm ppm 

11 46 40 11.1 84 1.0 3 

21 48 25 12.5 82 1.0 4 3 2 

26 93 65 25.1 182 2.0 < 1 10 3 

29 155 130 34.2 234 2.0 9 4 

32 102 95 28.0 189 1.0 2 9 4 

36 19 20 7.9 38 < 1.0 3 

48 25 20 9.9 53 < 1.0 3 2 

67 11 5 5.2 17 < 1.0 

68 103 75 25.9 201 1.0 3 8 4 

2679 33 15 10.2 54 < 1.0 3 2 3 
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Sample 

EI 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 
EIO 
Ell 
EI2 
EI3 
EI4 

TI 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
TIO 
TIl 
TI2 
TI3 
T14 
TIS 
TI6 
TI7 
TI8 

MCI 
MC2 
MC3 
MC4 
MC5 

Ml1 
ML2 
ML3 

Daten"lme 

83·08·09/14:00 
83-08-09/20:28 
83·08-10.21:18 
83-08- t 0: t 5:30 
83·08-t 1109: tO 
83-08-09/18:33 
83-08-1 OJ 13:04 
83-08-09/ 19: 15 
83-08-10'12:08 
83-08- t 0/12:33 
83-08· t 0115:45 
83-08·10/15:30 
83-08-10115:40 
83-08· 1011 0:00 

83-08- t 4' 18:42 
83·08-14116:56 
83-08-14113:33 
83-08-14114:18 
A~·08· 1411 7: I I 
83-08-14117:39 
83-08-14111 '30 
83-08-13/t2:35 
83-08-1211 3:20 
83-08-13/ 11 : 11 
83·08· 12!14 :02 
83'08-12115 :51 
83·08-12'20:10 
83-08-13' I 0:08 
83-08-15,07:20 
83-08·14119:33 
83·08-12i18 :54 
83-08-12119:46 

83·08-15'10:13 
83·08·15'10:46 
83-08-15/1 3: 12 
83-08'15"4 :13 
83-08·15:17:00 

83·08·17.' 13:27 
83-08-17/17 :32 
83·08-11.'18:41 

Elevahon 
Location (fl. asl) 

Elwyn Hotspnng Vent HI 4700 
Elwyn Hotspring Vent 112 4720 
Elwyn HOlspring Vont #3 4680 
Elwyn Hotspring Vent #4 4660 
Elwyn Hotspnng Vent #5 4640 
Elwyn Cold Sprlng #1 4700 
Elwyn Cold Spring #2 5700 
Elwyn Creek #1 5400 
Elwyn Creek #2 5400 
Elwyn Creek #3 5650 
Elwyn Creak #4 6500 
Elwyn Glacier #1 6900 
Elwyn Glacier #2 6600 
Elwyn Precipitation 4700 

Taweh Hotspring Marn Vent 4400 
T aweh Hotspnng MUShroom 4400 
Tawel1 South ~otsPrln~ 4400 
Taweh HOlsprlng ont #4 4400 
laweh Upper Spring #5 4500 
T aweh Upper Spnng #6 4600 
Taweh East Spring #7 4480 
Taweh East Spring #8 4540 
Tawah Cold Sprrng #1 5640 
T aweh Cold Spr,ng #2 4900 
Taweh Creek # I 5780 
Taweh Creek #2 6300 
Taweh Creek #3 6100 
Taweh Creek #4 5240 
Taweh Creek #7 4420 
Taweh Creek #8 4400 
Taweh GlaCier #1 6900 
Taweh Glacier #2 6400 

Mess Creek Hots pring #1 2350 
Mess Creek Ho[spnng #2 2350 
Mess Creek 2340 
Mess Creek Inflow (Wesl) 2330 
Mess Creek Inflow (East) 2330 

Mess Lake Spring # I 2520 
Mess Lake Spring #3 2500 
Mess Lake 2250 

APPENDIX 4b 

Hotspring data 
(Isotope Data) 

Eslimated 
Flow 
(Us) 

0.3 
0.3 
0.1 
0.1 
0.1 
0.05 
0. 1 

0.2 
0.3 
0.1 
0.5 
0.05 
008 
0.05 
0.1 
0.1 
0.2 

0.5 
0.5 

0.01 
0.01 

Temp 
(0G) 

19.5 
29.0 
36.0 
27.0 
288 

6.0 
8.0 

459 
43.0 
46.0 
45 .1 
30.1 
200 
25.1 
21.0 

0.5 
< 5.0 

42 .5 
42.5 

13.0 
14.0 

(~2~~o~) 

-20.7 
-22.0 
-21.8 
·21.9 
·21.8 
'20.0 
-2 1.5 
·20.2 
-20.3 
-21.9 
-21.8 
-28,4 
-22 .1 
-16.1 

-22.0 
·21.9 
-22.0 
-22.1 
·21.9 
-21.8 
-21.8 
-21.7 
-19.2 
-21 .3 
·18.6 
·19.5 
-21.5 
-21.4 
-20.6 
·20 .5 
'19 .9 
·20.2 

-20.4 
-20.7 
·19.2 
·19.2 
-19.5 

-18.6 
-19.0 
'18.8 

Deuterium Trltium(l) "C 
(%. SNOW) (TU) (DlC) 

-166 12.6 ·0.8 
-161 4.5 ·1.9 
-174 3.0 ·1.2 
-171 ND±8 
-171 ND±8 
-160 
·163 
·165 
· 164 
'164 
· 168 
-225 
-172 
-142 

-171 63 ·2,4 
-174 5.8 -1 .3 
-172 5.7 -2.0 
-170 
-170 
-170 
-176 
-1 73 8+8 
-152 
-165 18±8 
-150 
·165 
-178 
-170 
-169 
·165 32.9 
-159 
-163 

-164 10.7 -5.2 
·157 
·148 
·154 
-154 

-166 5.1 ·1.2 
·163 
-147 

NOTES. , . Values delerm1l1ed by dlreCI cQuntJn9 are s hown.'~lIh conlldence I1mlls. All others are determined by enflched tritium method. 1 TU = 1 JH per 10 18 lH. 
2. IJC (C02) calculated for CO2 gas 111 ISOIOpic equilibrium wilh DIC. 

ND = Not Delected 

APPENDIX4c 

Gas Analyses 

Gas Samples 02 N2 CO2 CH4 S02 H2 

Tl 0.48 2.81 97.0 <0.2 <0.05 <0.2 

T2 0.23 0.77 97.7 

T3 0.43 2.30 96.8 

ML4 0.23 4.64 93.7 

MClA 1.93 84.5 13.0 

MC1B 5.65 83.7 12.0 

MC1 1.17 4.14 92.2 

E1 1.68 1.86 94.6 

All results reported as total percent. 

13C(2) 

(CO,) log pCO, 

·5.0 -0,49 
-5.5 0.23 
-4,4 0.39 

-6 .7 -0.14 
-6 .2 ·033 
-5.6 0.08 

-8.70 -0,49 

-7.68 ·0,49 
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APPENDIX 5 

Source of Geographic Names 

When this study was begun only a few of the physiographic features within the Mount Edziza Volcanic 
Complex bore geographic names. Names added to the map by the author were drawn from three main 
sources: 

1. Local usage (unofficial names used by local people) 

2. Field use (names applied for convenience during our initial field mapping) 

3. Native (Tahltan) words, names or references to folklore 

My main sources of Tahltan words and folklore were: 

1. "A Grammar and Dictionary of the Language Spoken by the Tahltans on the Stikine River, B.C., A 
Tribe belonging to the Tinne Branch of North American Indians", by Charles Francis Palgrave 
(1868-1955), University of Chicago Library 1957. 

2. "The Tahltan Indians" by G.T. Emmons, University of Pennsylvania Museum of Anthropological 
Publications, v . IV, no. 1, 1911. 

LIST OF NEW NAMES 

Arctic Plateau 
After Arctic lake. 
Both of the above are in common local usage. 

Local usage 

Artifact Creek, Ridge 
Piles of chips left from the manufacture of obsidian tools 
and points by early Tahltan hunters are abundant in this 
area. 

Field use 

Big Raven Plateau 
In Tahltan mythology, Cheskea Cho - the Big Raven was 
the form commonly assumed by the creator of man. 

Emmons, p. 117 

Cache Hill 
This was the site of an air drop of food and equipment. 

Field use 

Camp Hill 
This was the location of our first high camp from which 
systematic mapping was begun in 1965. 

Field use 

Cartoona Peak 
Cartoon a was an old Tahltan Shaman at the time of Em
mons, visit to the Stikine area in 1904-6. 

Emmons, p. 112 

Chachani Creek 
Several occurrences of copper mineralization were found 
along this tributary of Ball Creek. Name is Tahltan for 
~. 

Palgrave, p. 74. 

Chalkima Creek 
This creek terminates in a maze of beaver ponds. 
Name is from Tahltan for beaver (Cha) and house (Kima). 

Palgrave, p. 73, p.160. 
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Destell Pass 
This narrow rock cleft provides access between the broad 
upland valleys of Raspberry and "Artifact" creeks, both of 
which abound in game and evidence of early human 
habitation. ~ is Tahltan for "going to camp". 

Palgrave, p. 82. 

Esja Peak and Hoyaa Peak 
In 1956, while backpacking along this ridge to a camp on 
Bourgeaux Creek my assistant thought he suffered a heart 
attack and refused to go on, thus precipitating a rather 
traumatic search. 
The Tahltan expression: "esja hoya'a means - my heart is 
ailing. 

Palgrave Gram. p. 16-19. 

Eve Cone 
After Eve Brown, the native woman who survived the 
snow slide that killed Jonny Edzertza and Hank Williams. 
The name has been used locally for many years and, 
although Eve Brown is still living, the name has been used 
extensively in the literature. 
See Beautiful B.c. Spring 1974, p. 41. 

Exile Hill 
An extension of the Wetalth (outcast people) theme. See 
also Nahta Cone and Outcast Hill. 

Emmons, p. 22 

Flyin Creek and Walkout Creek 
In 1954, Herman Peterson, a well known bush pilot from 
Atlin mistook this drainage for Raspberry Pass and flew 
in under a low overcast. Unable to tum out of the narrow 
valley he crashed in the head of "Walkout Creek" and 
made his way back to Telegraph Creek on foot. 

Field use. 



Gerlib Creek 
After Robert Gerlib, a student who worked with me in this 
area in 1958 and who, the following year, was killed in a 
mining accident. 

Field use. 

Gnu Butte 
Field name used throughout our survey because of the 
resemblance of this flat-topped hill to those in parts of 
Africa. 

Field use. 

Hoia Bluff 
Tahltan word for Sunset. Feature is a prominent west 
facing lookout. 

Palgrave, p. 170. 

Ice Peak 
Mount Edziza was (and still is) known to the local Indians 
as "Ice Mountains". The name is preserved but restricted 
to the prominent ice covered south peak. 

Local usage . 

Idiji Glacier 
Tahltan word for "it thunders", and appropriate name for 
this very active glacier. 

Palgrave,p.102. 

Kadeya Creek 
In 1956 one of my assistants precipitated a helicopter 
search by mistakenly following the wrong tributary of this 
creek, thus failing to show up at camp. The name is the 
Tahltan word "go after" (in search of). 

Palgrave, p. 106. 

Kaia Bluff 
Tahltan word for Sunrise. Feature is a prominent east 
facing lookout. 

Palgrave , p. 107, p. 170. 

Kana Cone 
This is a nested cinder cone in which the red, oxidized 
cinders of the inner cone appear hot. 
"Kana" is the Tahltan word for "embers". 

Palgrave, p. 150. 

Kenda Cone (104G/IO) 
Tahltan word for Moose. 

Palgrave,p.109. 

Kitsu Creek, Plateau, Peak 
Tahltan word for "northern lights" (Aurora). 

Palgrave, p. 114 . 

Kounugu Lake, Mountain 
In Tahltan folklore Kounugu was guardian of fresh water, 
"who slept throughout the day on top of the well that 
contained his treasure". 

Emmons , C.T., p. 118. 

Kuno Peak 
After Hisashi Kuno (deceased), a famous Japanese vol
canologist and teacher who visited this area with me in 
1966. 

Field use . 

Little Arctic Lake (104GI7) 
As opposed to (Big) Arctic Lake, both on the same plateau. 
This name is already in use among locals and pilots. 

Local usage. 

Mess Creek Escarpment 
After Mess Creek. The steep cliffs of this escarpment 
expose some of the best sections of volcanic stratigraphy. 
It is thus frequently refeITed to, making a fOI1l1al name 
desirable. 

Field usage. 

Nagha Creek, Glacier 
Tahltan for Wolverine; 
So named because of regular visits by a wolverine to a 
sheep carcass on the ice during the time of our survey. 

Palgrave , p. 126. 

Nahta Cone 
This feature is actually a cluster of small conelets. It is 
named after the last seven survivors of the WET ALTH 
people, called Nahta. 

Emmons, C .T. , p. 22. 

Nanook Dome (104G/I0) 
This word, of Tlingit origin, was adopted by the Tahltan 
for the hereditary head of the family. 

Emmons, p.18. 

Nido Creek (104G/IO, 104G/9W) 
Nido is an archaic Tahltan word for "white man". Pro
posed for this creek because it is the location of a group of 
mineral claims which, because they were staked before the 
area was given park status, are still being actively explored 
by a mining group. 

Palgrave, p. 129. 

Obsidian Ridge (104GI7) 
A source of high quality obsidian collected by early Tahl
tans for tool making. 

Field use. 

Ornostay Bluff and Koosick Bluff 
According to tribal history part of the Tahltan population 
set out by canoe down the Stikine to find a new home on 
the coast. Their way was blocked by a glacier across the 
river but two very old women , ORNOSTAY and 
KOOSICK, volunteered to float under the ice bridge. 

Emmons, p.1S. 

Outcast Hill 
An extension of the Wetalth (outcast people) theme. See 
also Nahta Cone and Exile Hill. 

Emmons, p. 22 . 

180 Lake 
Named by pilots because it is large enough for safe opera
tion of the Cessna 180 float plane. 

Local usage. 

Pillow Ridge 
The ridge is a subaqueous pile of pillow lava providing 
classic exposures of pillows. 
Field use. 
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Sezill Creek 
This tributary of Taweh Creek is the site of a large group 
of hot springs. 
The name is Tahltan for "it is hot". 

Palgrave.p.132. 

Shaman Creek 
Shamanism was a common practice among early Tahltans. 

Emmons.p.112. 

Sidas Cone 
This feature is a distinctive breached cinder cone that has 
been cut into two symmetrical halves. Sidas is the Tahltan 
word for cut (oneself with a knife). 

Palgrave.p.133. 

Sorcery Creek 
An extension of the Witch Doctor theme (i.e. Shaman 
Creek, Cartoona Peak, Witch Spirit Lake). 

Emmons.p.l12. 

Stewbomb Creek 
To commemorate the explosion of a pressure cooker full 
of stew in our tent while camped on this creek. 

Field use. 

Tadeda Peak 
This brightly colored rhyolite peak has three prominent 
orange spots which resemble eyes. The proposed name is 
from the Tahltan words "Tade" (three) and "Da" (eye). 

Palgrave. p. 135. p." 76. 

Tadekho Creek, Hill 
We were forced to move our camp from the head of this 
creek by a sow grizzly and two curious cubs. 
Proposed name is from Tahltan "Tade" (three) and "Kho" 
(Grizzly bear). 

Palgrave. p. 135. p. 148. 

Tenchen Creek, Glacier 
The glacier in this valley, though still active, is completely 
covered by mck debris fallen from the steep headwall and 
bounding spurs. Name is from the Tahltan words "Ten" 
(ice) and "Chen" (dirty). 

falgrave. p . 74. p. 138. 

Tencho Glacier 
This is the largest single glacier on the Mount Edziza 
Volcanic Complex. The name is from Tahltan words for 
big or great (cho) and ice (ten). 

Palgrave. p . 75. p. 138. 

Tennaya Creek, Glacier 
Our field name for these features was "Ice Fall" Creek and 
Glacier because of the spectacular Ice Fall at the head of 
the valley. 
Name is from Tahltan for ice (ten) and 'be come down' 
(naya). 

Palgrave. p . 128. p. 138. 
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Tennena Cone 
This feature is a symmetrical, subglacial volcanic cone 
almost completely surrounded by ice. 
The name is from the Tahltan words for ice (ten) and 
bridge (nena). (see also ORNOSTA Y and KOOSICK). 

Palgrave. p. 128. p. 138. 

The Ash Pit 
A conical explosion crater filled with fine black volcanic 
ash. 

Field usage. 

The Pyramid 
From any angle this white symmetrical lava dome resem
bles a pyramid. 

Field usage. 

Tsecha Creek 
This creek heads in an area covered by loose black cinders 
and ash from Williams Cone. 
The name is from the Tahltan words Tse (rock) and Cha 
(rain). 

Palgrave. p. 139. p. 73. 

Tsekone Ridge 
This prominent, black ridge was formed by a subglacial 
volcanic eruption. The name is Tahltan for the native 
sweat-bath of woven willows. The literal translation is 
"stone fire". 

Palgrave. p. 140. 

Wetalth Ridge 
This isolated ridge on the "Arctic Plateau" is named after 
a small, wandering and exploited group of outcasts from 
the Tahltan. 

Emmons. CT. p. 22. 

Williams Cone 
This feature, a prominent cinder cone, is the site of the 
snow slide that killed Jonny Edzertza and his companion 
Hank Williams. 

Field use. 

Witch Spirit Lake 
An extension of the Shaman theme. 

Emmons.p.112. 

Yeda Peak, Creek 
Tahltan word for "the great bear" (Dipper) constellation. 

Po/grave. p. 144. 

Yagi Ridge 

Yagi is the Japanese word for .mountain goat, which 
abound in this area. It is also the name of a famous japanese 
volcanologist and teacher who traversed this ridge with me 
during a visit to Canada. 

Field use. 




