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Preface

The well-exposed late Precambrian to Triassic strata and mid-Cretaceous plutonic rocks of Nahanni
map area record a large segment of the evolution of the western North American continental margin.
Through much of the early and middle Paleozoic, deposition of two contrasting facies predominated: shale,
chert, and turbiditic sandstone on the southwest were flanked by coeval shelf carbonate on the northeast.
The former facies, constituting the Selwyn Basin, is well known for its stratiform shale-hosted lead-zinc
deposits. The latter, the Mackenzie Platform, has in the past been the focus of exploration for lead-zinc
deposits hosted in carbonate rocks. This shelf-basin configuration is overlapped by chert-rich clastic rocks
of Devono-Mississippian age. These were deposited during active extensional tectonism that also led to
the formation of important exhalative deposits of stratiform lead-zinc-silver-barite. Mid-Cretaceous plu-
tonic rocks in the region are associated with large deposits of tungsten.

This memoir presents a detailed account of the tectonic evolution, stratigraphy, structure, and igneous
history of Nahanni map area; mineral deposits are summarized and described in terms of their regional
geological setting. It provides basic geological data and a geological framework critical to the appraisal of
and search for mineral deposits, and to other geological studies in the region.

Elkanah A. Babcock
Assistant Deputy Minister
Geological Survey of Canada

Préface

Les strates bien exposées de la fin du Précambrien jusqu’au Trias ainsi que les roches plutoniques du
milieu du Crétacé dans la zone observée de Nahanni enregistrent un grand segment de 1’évolution de la
marge continentale nord-américaine. Pendant la plus grande partie du début et du milieu du Paléozoique,
la mise en place de deux faci¢s contrastants a prédominé: des grés schisteux, cherteux et turbuditiques au
sud-ouest étaient flanqués par du carbonate de plate-forme contemporain au nord-est. L’ancien faci€s,
constituant le bassin de Selwyn, est bien connu pour ses gisements de plomb-zinc encaissés dans des schistes
argileux stratiformes. Le second, la plate-forme de Mackenzie, a autrefois fait I’objet de travaux d’explo-
ration visant a déceler des gisements de plomb-zinc encaissés dans des roches carbonatées. Cette
configuration de plate-forme-bassin est recouverte de roches clastiques a forte teneur en chert d’age
dévono-mississippien. Ceux-ci ont été déposés au cours d’une phase tectonique active et prolongée qui a
aussi mené i la formation d’importants gisements exhalatifs de plomb-zinc-argent-barytine stratiformes.
Les roches plutoniques du milieu du Crétacé que I'on trouve dans la région sont associées a de gros
gisements de tungsténe.

Le mémoire donne un compte rendu détaillé de I’évolution tectonique, de la stratigraphie, de la structure
et de la séquence magmatique de la zone représentée sur la carte de Nahanni; les gisements de minéraux
sont résumés et décrits du point de vue de leur cadre géologique régional. Le mémoire fournit des données
géologiques de base ainsi qu’un cadre géologique essentiel a I’évaluation des gisements minéraux et a la
recherche de ceux-ci, ainsi qu’a d’autres études géologiques menées dans la région.

Elkanah A. Babcock, sous-ministre adjoint,
Commission géologique du Canada
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EVOLUTION OF THE NORTHERN CORDILLERAN
MIOGEOCLINE, NAHANNI MAP AREA (105]),
YUKON AND NORTHWEST TERRITORIES

Abstract

Late Precambrian to Triassic weakly metamorphosed sedimentary rocks that underlie most of Nahanni
map area form three sequences:

1.) From the late Precambrian to Middle Devonian two northwest-trending facies belts developed
consisting of shallow water carbonate and sandstone (Mackenzie Platform) on the northeast and
time-equivalent turbiditic sandstone, deep water limestone, shale, and chert (Selwyn Basin) on the
southwest. Euxinic shale of Early Silurian age is host to important stratiform lead-zinc deposits. The
aggregate thickness of Lower Cambrian to Middle Devonian rocks ranges from 4200 m for platform and
near-platform strata to 1600 m for outer basin strata.

2.) Inthe Late Devonian and Mississippian, shale was deposited across the Mackenzie Platform, whereas
to the southwest, turbiditic quartz-chert sandstone and chert-pebble conglomerate (900+? m) were
deposited, derived from elevated fault blocks of Selwyn Basin strata. Stratiform barite and lead-zinc-barite
deposits occur within siliceous shale of Middle to Late Devonian age.

3.) Early Mississippian to Triassic sedimentation was dominated by shale, chert, minor sandstone, and
siltstone (1700 m) deposited on a shallow marine shelf.

Regional Jura-Cretaceous deformation resulted in decollement style northwest-trending folds and
minor thrust faults. Competent strata of Mackenzie Platform formed large-scale open folds. The
incompetent strata of the Selwyn Basin area were deformed into small- to large-scale, open to tight folds
with associated axial-plane cleavage.

Granitic intrusions of the mid-Cretaceous (100 Ma) Selwyn Plutonic Suite crosscut the regional
structure. Tungsten skarn deposits are preferentially associated with biotite-muscovite-bearing plutons
where they contact argillaceous limestone of various ages.

Résumé

Les roches sédimentaires peu métamorphisées, du Précambrien supérieur au Trias, qui constituent le
sous-sol de la majeure partie de la région cartographique de Nahanni, forment trois séries:

1.) Du Précambrien supérieur au Dévonien moyen, il y a eu formation de deux zones de faciés, de direction
nord-ouest, constituées de roches carbonatées et de grés mis en place en eau peu profonde (plate-forme de
Mackenzie) au nord-est, et de grés turbiditiques, de calcaire d’ eau profonde, schiste argiteux et de chert (bassin
de Selwyn) contemporains, au sud-ouest. D’ importants dépots stratiformes de plomb et de zinc logent dans des
schistes argileux euxiniques datant du Silurien inférieur. L’ épaisseur totale des couches qui couvrent la période
du Cambrien inférieur au Dévonien moyen varie de 4200 m pour les couches de la plate-forme et celles qui se
trouvent preés de la plate-forme, a 1600 m pour les couches situées a I' extérieur du bassin.

2.) Du Dévonien supérieur au Mississipien, des schistes argileux ont été mis en place sur la plate-forme
de Mackenzie, alors qu’ au sud-ouest avait lieu la mise en place de grés a quartz et chert turbiditiques et
des conglomérats a galets de chert (900+ ? m), provenant de blocs faillés suréléves appartenant aux couches
du bassin de Selwyn. Des dépéts stratiformes de barytine et de plomb-zinc-bar ytine se trouvent dans des
schistes argileux de nature silicence datant du Dévonien moyen au Dévonien supérieur,

3.) Lesroches sédimentaires couvrant la période du Mississipien inférieur au Trias sont surtout constituées
de schistes argileux, de cherts, de petites quantités de grés et de microgrés (1700 m) mis en place sur un
haut-fond marin.



La déformation régionale survenue au Jurassiaque et au Crétacé a donné des plis de décollement de
direction nord-ouest et des failles chevauchantes secondaires. Des couches compétentes de la plate-forme
de Mackenzie ont donné naissance a des plis ouverts a grand rayon de courbure. Les couches incompétentes
de larégion du bassin de Selwyn ont été déformées et ont donné des plis ouverts a serrés a rayon de courbure
faible a grand, associés a une schistosité paralléle au plan axial.

Des intrusions granitiques de la série ploutonique de Selwyn du Crétacé moyen (100 Ma) traversent la
structure régionale. Des dépdts de skarn a tungsténe sont plutdt associés a des plutons a biotite et a
muscovite aux endroits ou ils sont en contact avec des calcaires argileux d’ dges variés.

SUMMARY

Late Precambrian to Triassic weakly metamorphosed
sedimentary rocks underlie most of Nahanni map area
and likely were deposited above unevenly rifted and
thinned older sediments and continental crust of the
North American craton. The stratigraphic succession
has been subdivided into three assemblages of distinct
tectonic affinity.

Late Precambrian to Middle Devonian
platform-basin assemblage

From the late Precambrian to Middle Devonian the
area was segmented into two contrasting facies belts.
On the northeast were deposited shallow water
sandstone, dolostone, and limestone that define the
Mackenzie Platform. To the southwest, time-
equivalent rocks comprise turbiditic sandstone, deep
water limestone, shale, and chert of the Selwyn
Basin. Within the Selwyn Basin, euxinic black shale
of Early Silurian age is host to important stratiform
Jead-zinc deposits. The platform-basin boundary
shifted with time so that in the northeastern half of
the map area formations of basin and platform
affinity are interstratified. Numerous fossil
collections, particularly conodonts, allow accurate
correlation between platform and basin facies.
Important unconformities occur beneath the Upper
Cambrian, middle Lower Devonian, and lowermost
Middle Devonian. The aggregate thickness of
Lower Cambrian to Middle Devonian platform and
thick basinal near-platform strata is about 4200 m,
while that of equivalent outer basin strata is about
1600 m.

The oldest exposed strata within Selwyn Basin
consist of latest(?) Precambrian turbiditic quartz
sandstone at least 3000 m thick. They are younger
than the Windermere Supergroup of Mackenzie
Mountains with which they have previously been
correlated. They may represent a younger
Eocambrian rift event, as has been interpreted for
similar strata in the southern Cordillera (Bond and
Kominz, 1984).

SOMMAIRE

Des roches sédimentaires peu métamorphisées datant du
Précambrien supérieur au Trias constituent le sous-sol de la majeure
partie de la région cartographique de Nahanni; ces roches out
probablement été mises en place sur la crofite continentale et sur
des sédiments plus anciens, inégalement fissurés et amincis du
craton nord-américain. La succession stratigraphique a été divisée
en trois ensembles d’affinité tectonique caractéristique.

Ensemble de la plate-forme et du bassin du
Précambrien supérieur au Dévonien moyen

Entre le Précambrien supérieur et le Dévonien moyen, cette
région a été segmentée en deux zones de facics trés différentes. Au
nord-est, il y a en sédimentation en milieu d’eau peu profonde des
grés, des dolomies et des calcaires qui constituent la plate-forme de
Mackenzie. Au sud-ouest, des roches, mises en place & la méme
période, se composent de grés turbiditiques, de calcaires d’eau
profonde, schistes argileux et de cherts qui constituent le bassin de
Selwyn. D’importants dép6ts stratiformes de plomb et de zinc
logent dans des chistes argileux noirs de nature euxinique datant du
Silurien inférieur, que 1’on trouve a I’intérieur du bassin de Selwyn.
La limite entre la plate-forme et le bassin s’est déplacée dans le
temps, de sorte que dans la moitié nord-ouest de la région
cartographique les formations ayant une affinitié avec le bassin et
celles ayant une affinitié avec la plate-forme sont interstratifiées.
De nombreuses collections de fossiles, particulieérement des
conodontes, permettent de corréler d’une fagon précise les facies de
la palte-forme avec ceux du bassin. Des discordances importantes
se manifestant sous le Cambrien supérieur, sous la partie
intermédiaire du Dévonien inférieur, et sous la partie inférieure du
Dévonien moyen. L’épaisseur totale des couches de la plate-forme
datant du Cambrien inférieur au Dévonien moyen et des couches
épaisses du bassin situées prés de la plate-forme est de V'ordre de
4200 m, alors que des couches équivalentes situées a I’extérieur du
bassin atteignant une €paisseur de 1’ordre de 1600 m.

Les couches les plus anciennes qui affleurent au sein du bassin
de Selwyn sont constituées de grés quartzeux turbiditiques du
sommet du Précambrien, et mesurent au moins 3000 m d’épaisseur.
Elles sont plus jeunes que celles du supergroupe de Windermere
des monts Mackenzie avec lesquelles on les avait corrélées
antérieurement. Elles peuvent représenter un fossé d’effondrement
d’age éocambrien plus jeune, comme dans le cas des couches
similaires de la région sud de la Cordillére, (Bond et Kominz, 1984).



Devono-Mississippian turbidite basin
assemblage

In late Devonian time there was an abrupt change in
depositional regime. Shale was deposited across the
older Mackenzie Platform to the northeast, while to the
southwest turbiditic quartz-chert sandstone and
chert-pebble conglomerate were deposited in a number
of submarine fan complexes. The coarse clastics,
900+(?) m in thickness, are derived from elevated fault
blocks of older Selwyn Basin strata at least 170 km to
the northwest of the map area. In particular, most
detritus seems to be derived from late Precambrian
gritty quartzose clastic rocks and Ordovician-Silurian
chert. Compressional deformation of Devono-
Mississippian age is lacking. This and local syn-
sedimentary steep, normal, or reverse faults within the
map area and near the proposed source suggest an
extensional or transtensional event may have elevated
the source area. Regional unconformities occur
beneath lower Upper Devonian and uppermost
Devonian strata. Stratiform barite and barite-lead-zinc
deposits, associated with local faulting, form important
deposits within black siliceous shale of Middle to Late
Devonian age.

Mississippian to Triassic clastic shelf
assemblage

Devono-Mississippian turbiditic clastics were
succeeded by mid-Mississippian quartz sandstone and
shale interpreted as bar finger sands deposited on a
muddy, shallow marine shelf. The quartz sand may
have been derived from the east but chert in the sand
suggests possible west or northwest source areas
similar to those for the previous sequence. Shale, chert,
minor sandstone, and siltstone compose strata of Early
Permian and Triassic age. Regional unconformities
occur beneath the Lower Mississippian, Lower
Permian, and Lower Triassic. Aggregate thickness for
this sequence is about 1700 m.

In the Early Cretaceous, the area was subject to
northeast-southwest compression leading to the
development of northwest-trending decollement
style folds and minor thrust faults. Competent
carbonate strata defining Mackenzie Platform
formed large-scale open folds (Mackenzie Fold
Belt). The largely incompetent strata of the Selwyn
Basin area formed small- to large-scale, open to tight
folds with pervasive axial-planar slaty cleavage
(Selwyn Fold Belt). Folds and faults in both
Mackenzie and Selwyn fold belts, by analogy with
the structure of the northern and southern Canadian
Rocky Mountains, may root in a detachment that
extends beneath Nahanni map area and across the
entirc deformed belt of the Mackenzie Mountains.

Ensemble du bassin de turbidites du Dévonien
et Mississipien

Au Dévonien supérieur, il y a eu un changement brusque du régime
de sédimentation. Au nord-est, schistes argileux se sont déposés
sur la plate-forme de Mackenzie plus ancienne, alors qu’au
sud-ouest avait lieu la mise en place de grés quartzeux et cherteux
de nature turbiditique et de conglomérats a galets de chert qui ont
formé un certain nombre de cénes de déjection sous-marins
complexes. Les roches détritiques a grain grossier, mesurant 900+
(?) m d’épaisseur, proviennent de blocs faillés projetés vers le haut
appartenant aux couches anciennes du bassin de Selwyn, situées au
moins 2 170 km au nord-ouest de la région a I’étude. La majeure
partie du matériel détritique semble provenir en particulier de
roches détritiques, gréseuses et quartzeuses du Précambrien
supérieur et de cherts de ’Ordovicien-Silurien. Les déformations
de compression du Dévonien-Mississipien sont absentes. Cet
événement, ainsi que la présence par endroits de failles
synsédimentaires abruptes de type normal ou inverse se trouvant
dans la région a I’étude et a proximité de la source proposée,
semblent indiquer qu’un événement d’extension peut avoir élevé la
région source. Des discordances régionales se manifestent sous des
couches de la partie inférieur du Dévonien supérieur et celles du
sommet du Dévonien. D’importants dépéts stratiformes de
barytine et de barytine, plomb et zinc, associés a des failles locales,
logent au sein de schistes argileux noirs de nature siliceuce dantant
du Dévonien moyen a supérieur.

Ensemble de roches détritiques de la plate-forme
continentale, du Mississipien au Trias

Des grés quartzeux et des schistes argileux ont succédé aux roches
détritiques, turbiditiques, du Dévonien-Mississipien, et, d’apres
auteur, sont des bancs de sable étroits et allongés, déposés sur un
haut fond marin vaseux. Le sable quartzeux a pu venir de I’est, mais
le chert qui se trouve dans le sable semble indiquer qu’il existait des
régions sources possibles a 1’ouest ou au nord-ouest, similaires a
celles de la séquence précédente. Les couches du Permien inférieur
et du Trias se composent de schistes argileux, de cherts, et de petites
quantités de gres et de microgres. Des discordances régionales se
manifestant sous la partie inférieure du Mississipien inférieur, sous
la partie inférieure du Permien inférieur et sous le Trias inférieur.
L’épaisseur totale de cette séquence est d’environ 1700 m.

Au Crétacé inférieur, la région a subi une compression de
direction nord-est-sud-ouest qui a donné naissance a des plis de
décollement de direction nord-ouest et a des failles chevauchantes
secondaires. Des couches compétentes carbonatées, qui
caractérisent la plate-forme de Mackenzie, ont donné des plis
ouverts a grand rayon de courbure (zone de plissement de
Mackenzie). Les couches, en grande partie incompétentes, de la
région du bassin de Selwyn ont donné des plis ouverts a serrés, a
rayon de courbure faible a grand, associés a une schistosité
omniprésente parallele au plan axial (zone de plissement de
Selwyn). Les plis et les failles des zones de plissement de Mackenzie
etde Selwyn, par analogie avec la structure des secteurs septentrional
et méridional des Rocheuses du Canada, peuvent prendre racine dans
un décollement qui s’étend en-dessous de la région cartographique
de Nahanni et qui traverse toute la zone déformée.



Granite and granodiorite intrusions of the
mid-Cretaceous Selwyn Plutonic Suite underlie about
seven percent of the map area. Generally circular in
plan, and from less than 1 km to 20 km in diameter, they
intrude and hornfels strata as young as Triassic
(aureoles to 3 km across). As well, they crosscut
regional folds and locally, faults. Isotopic ages
(mineral K-Ar and whole rock-mineral Rb-Sr
isochrons) for the suite range from 88 to 114 Ma. Two
major pluton types can be distinguished by the presence
of hornblende, or alternatively, the presence of biotite
plus muscovite. Each type also possesses clear
differences in major, minor, and trace element
abundances, as well as radiogenic and stable isotope
ratios. Together, the radiogenic and stable isotopes
indicate a significant contribution of old, radiogenic,
metasedimentary, sialic crust in the petrogeneses of
both varieties of pluton. Tungsten showings are
associated with skarns developed next to two-mica
plutons that intrude argillaceous limestone.

Regional metamorphic grade is subgreenschist
facies. Conodont colour alteration indices and
metamorphism of organic matter indicate maximum
temperatures of about 300°C, probably associated with
above normal heat flow related to Cretaceous

Des intrusions de granite et de granodiorite faisant partie de la
série plutonique de Selwyn du Crétacé moyen constituent environ
7% de la région a 1’étude. De forme généralement circulaire en
surface et de diametre variant de moins d’un kilometre a 20
kilometres, ces intrusions traversent les couches sédimentaires,
dont les plus récent3es sont triasiques, et métamorphisme (auréoles
atteignant 3 km de large). Elles traversent aussi des plis régionaux
et par endroits des failles. Les 4ges obtenus par méthode
radiochronologique (isochrones du syst¢eme K-Ar et de la roche
entiére-systeme Rb-Sr) pour la série varient de 88 2 114 Ma. On
peut distinguer deux types importants de plutons par la présence de
la hornblende ou bien par la présence de la biotite et de la muscovite.
Chaque type présente en outre des différences nettes dans les
abondances d’éléments majeurx, mineurs et a I’état de traces, ainsi que
dans les rapports des isotopes stables et des isotopes radiogéniques.
Ces deux types d’isotopes indiquent que la crofite sialique ancienne,
radiogénique et métasédimentaire a beaucoup contribué a la
pétrogencse des deux types de pluton. Des manifestations de
tungsténe sont associées a des skarns formés a proximité de plutons
a deux micas qui ont pénétré des calcaires argileus.

Le métamorphisme régional a atteint un sous-facies des schistes
verts. Des indices d’altération de la couleur de conodontes et le
métamorphisme de matieres organiques indiquent des températures
maximales d’environ 300°C, associées probablement a un flux de
chaleur au-dessus de la normale, li€é aux déformations et aux

deformation and intrusion.

intrusions du Crétacé.

INTRODUCTION

Nahanni map area (latitude 62-63°N, longitude 128-130°W;
NTS 105 I) includes well-exposed sedimentary, plutonic, and
minor volcanic rocks of late Precambrian to Cretaceous age
that record a large part of the evolution of the northwestern
North American margin. Previously, the stratigraphy of the
map area was only vaguely known, and its structural
evolution poorly understood. Knowledge of the setting of
important tungsten and stratiform lead-zinc occurrences was
correspondingly inadequate. This memoir establishes a
formal stratigraphic nomenclature and correlations for 31
formations, 11 of them new. The granitic rocks, important
for their associated tungsten mineralization, are described in
detail. The memoir also outlines the sedimentary, structural,
and tectonic development of this part of the Cordilleran
orogen.

The area was mapped mainly during the 1977 to 1980
field seasons. In 1980 the bedrock mapping was incorporated
within a larger project of the Geological Survey of Canada
known as the "Nahanni Integrated Multidisciplinary Pilot
Project.” Its aim was to provide reconnaissance coverage of
the area in bedrock geology, geochemistry, and surficial
geology, and to include site specific and detailed studies of
the plutonic rocks and of certain important mineral deposits.
Reports by other officers of the Geological Survey of Canada
on topics other than bedrock geology are presented
elsewhere.
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Figure 1. Location and access to Nahanni map area.



Location and access

Nahanni map area straddles the Yukon Territory-Northwest
Territories border in the remote Mackenzie and Selwyn
mountains. Access to the southeastern corner of the map area
(Fig. 1) is provided by an all-weather gravel road (Nahanni
Range Road) that extends from Watson Lake to the mine site
of Tungsten. However, since closure of the mine in May
1986, maintenance of the road has been irregular. A dirt road
constructed by Placer Development Ltd. in 1977 and 1978 for
access to their Howards Pass mining property connects with
the Nahanni Range Road near Tungsten. This extends to near
the centre of the map area, but washouts render it impassable
even to four-wheeled drive vehicles. A gravel road
maintained during summer months (North Canol Road)
extends from Ross River to Macmillan Pass, within 13 km of
the northwestern corner of the map area.

Float-equipped aircraft may land on many of the lakes in
the region and also on the lower reach of the South Nahanni
River (Fig. 2) if conditions of weather and water level are
favourable. A 520 m long gravel airstrip on Placer
Development’s Howards Pass property near the centre of the
map area (Morganti, 1979) and a400(?) m strip on their Anniv
property some 21 km to the northwest (Morganti, 1979, Plate
II) are not maintained. For most of the region the only rapid
access is by helicopter. Except for a few areas of
exceptionally rugged terrain, ridge landings and travel by foot
are unimpeded.

During the present study the towns of Watson Lake and
Ross River were used as bases for supplies and
communications.

Physiography

Nahanni map area is mostly mountainous; it includes parts of
Mackenzie and Selwyn mountains and Yukon Plateau (Fig.
2 and 3). Mackenzie Mountains are underlain by resistant
carbonate strata that tend to form sharp-crested ridges and in
places, rugged topography. The less rugged but equally high
Selwyn Mountains are underlain by recessive clastic strata
that weather to round-shouldered felsenmeer and scree-
covered ridges and slopes. The highest peaks and most
rugged areas, largely impassable on foot, are underlain by
granitic rocks. Sheer granite walls and spires characterize the
extremely rugged northwestern end of the Ragged Range,
areas southeast of O’Grady Lake and north of Margaret Lake,
and the northeastern end of the Itsi Range. In these higher
areas, small permanent ice fields, alpine glaciers, and deeply
incised cirques form a spectacular landscape. Glaciation of
the area during the Wisconsin-age McConnell advance
produced diverse glacial features including eskers and kame
terraces in many of the large valleys, meltwater channels, and
streamlined bedrock ridges (Jackson, 1982). Rock glaciers
are abundant and locally spectacularly developed within a
large area of Lower Cambrian slate in the southeastern quarter
of the map area.

In west-central Nahanni map area, the headwaters of Pelly
River drain a broad upland region, part of the Yukon Plateau,
of low rolling hills separated by wide flat-bottomed valleys
with shallowly incised streams. In Selwyn Mountains (east
of Mount Pike), peaks rise from remnants of a wide plateau
(at 5000-5500 foot elevation (1524-1676 m)) scattered with
lakes and deeply incised by streams. West of Moose Lake a
conspicuous flat-topped ridge (at 6500 foot elevation (1981
m)) is the result of incomplete headward stream or glacial
erosion of a remnant plateau surface.

Several major drainage systems have their headwaters in
the area. A major drainage divide defines the Northwest
Territories-Yukon Territory border and separates the South
Nahanni River on the northeast from the Pelly, Ross, and
Hyland rivers to the southwest. Valley profiles range from
narrow and U-shaped to broad and flat-bottomed. Most
major stream valleys are incised to 3500 feet (1067 m) above
sealevel and most peaks and ridges range from 5000 to 6500
feet (1524-1981 m). Elevations reach a low of 2500 feet (762
m) in the deeply incised South Nahanni River and a high of
8500+ feet (2591+ m) in the granite-cored Ragged Range.
Timberline is at 4500 to 5000 feet (1372-1524 m), below
which bedrock exposure is sparse.

Climate during June, July, and August is pleasant, with
daytime temperatures in the low 20’s (°C) and moderate
precipitation. Temperatures at night may go below freezing
in early June. By early to mid-June snow cover has receded
to allow work in many parts of the area, and by late June snow
ceases to be a hindrance. Cold spells with light snowfall may
occur in August, but usually do not delay field operations for
more than a few days. Field work can usually continue into
early September about which time snow and cold can be a
hindrance.

Previous geological work

The earliest geological exploration of the area was Keele’s
(1910) reconnaissance along the Ross and Gravel (now
Keele) rivers, which includes brief descriptions of the area
northwest of Mount Wilson. Kindle (1945) mapped this
same area at a scale of one inch to four miles as part of a
geological traverse along Canol Road from Teslin to
Macmillan Pass.

The first systematic geological mapping was in 1960 by
the Geological Survey of Canada as part of "Operation Pelly".
In one month about three fourths of Nahanni map area was
mapped at a scale of one inch to four miles (Green and
Roddick, 1961). Blusson (Blusson et al., 1968) completed
the northeastern quarter at the same scale and made minor
revisions elsewhere.

Blusson (1968) described the geological setting of the
tungsten deposits at Tungsten, Northwest Territories. His
map, at a scale of one inch to one mile, covers an area
straddling Flat River and extending south from the southemn
boundary of the Nahanni area (Fig. 4).
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Gabrielse et al. (1973) completed geological recon-
naissance mapping at a 1:250 000 scale of Flat River (95E)1,
Glacier Lake (95L), and Wrigley Lake (95M) map areas to
the east. Their comprehensive memoir established a strati-
graphic nomenclature that has been adopted wherever
possible in this report.

Preliminary reconnaissance geological maps at 1:250 000
scale, some with marginal notes, are available for nearby map
areas (Fig. 4) including Frances Lake (105H) (Blusson,
1966), Finlayson Lake (105G) (Tempelman-Kluit, 1977a),
Niddery Lake (1050) (Blusson, 1974), and Sheldon Lake
(1053) (Roddick and Green, 1961a). Blusson’s (1971) report
on Sekwi Mountain (105P) map area includes a map at 1:250
000 scale and brief descriptions of many formations that
continue into the Nahanni area. Cecile (1984a,c, 1986a,b)
completed remapping of Niddery Lake map area (1050);
preliminary maps at 1:50 000 scale are available for most of
that area.

Several detailed studies have also been undertaken in the
region. Godwin et al. (1980) described briefly the Clea
tungsten skarn property 15 km southwest of Mount Wilson,
and determined K-Ar and Rb-Sr isotopic ages for the Clea
stock. Ludvigsen (1982) and Landing et al. (1980) described
the trilobite and conodont biostratigraphy, respectively, of the
Rabbitkettle Formation, District of Mackenzie. Both of these
publications describe in detail a measured section in
northeastern Nahanni map area. Abbott’s (1982, 1983)
investigations into the setting of important lead-zinc deposits
at Macmillan Pass involve 1:50 000 scale mapping and
detatled stratigraphic investigations that extend to the
northern border of Nahanni map area.

Theses on the geology and mineral deposits within
Nahanni map area are numerous. Morganti (1979) described
the character and origin of the large stratiform lead-zinc
deposits at Howards Pass (see section on Mineral Deposits
for location of properties). His thesis includes a geological
map at 1:32 160 scale of a large part of centrai Nahanni map
area, as well as 1:4800 scale property maps (see also
Morganti, 1981). Mako (1981; see also Mako and Shanks
(1984)) described the lead-zinc-barite mineralization of the
Vuican property in southeastern Nahanni map area; Tompson
(1978) examined the Clea tungsten deposit. Scott (1974) did
a geochemical analysis of black shale on the Han property.
Dick (1980) did a comparative study of contact metasomatic
mineral deposits in eastern Yukon, several of which (Clea,
Omo, Lened) occur in Nahanni map area (see also
preliminary published accounts by Dick (1979) and Dawson
and Dick (1978)).

Current geological work

This memoir draws from four field seasons from 1977 to 1980
that encompassed nine and one-half months of field work. In
the first three seasons one half of the area was mapped at
1:50 000 scale. The detailed mapping was accomplished

! Codes in brackets refer to maps of the National Topographic
System of Canada.
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using casual helicopter charter to support a two to three
person field party. In 1980 the remaining area was mapped
at 1:250 000 scale at a more rapid rate using a contract
helicopter from a fixed base camp. Sixty stratigraphic
sections were measured at reconnaissance scale to establish
type sections, regional variations in thickness, and
stratigraphic control for paleontological determinations.
Despite mountainous terrane, well-exposed stratigraphic
sections in the western part of the area are rare. Most include
cleaved strata that probably contain structural complexities
affecting true thickness estimates. Long intervals of scree are
also common. Over 400 fossil determinations, about 180 of
which are for conodont microfossils, provide control on age
and correlation. Figure 5 shows the traverse routes and spot
localities visited that provide ground control for the
geological maps.

The boundaries of plutonic bodies and small areas of
well-exposed carbonate strata in the northeastern part of the
map area are amenable to photogeological interpretation.
Elsewhere, ground control and an intimate knowledge of the
stratigraphy are essential to geological mapping.

Reports of progress that summarize the present work
include Gordey (1978, 1979, 1980, 1981a) and Gordey et al.
(1981, 1982). Several stratigraphic sections through
Cambrian strata were measured by Fritz (1979a, 1981, 1982)
and are incorporated in this memoir.

Concurrent with this work, other studies in Nahanni map
area by Geological Survey of Canada geologists were
undertaken and are published separately. These include
examinations of Quaternary geology (Jackson, 1982, 1987),
regional geochemistry (Goodfellow, 1982, 1983),
geochemistry and origin of the Howards Pass lead-zinc
deposits (Goodfellow and Jonasson, 1986), and petrology of
Cretaceous granitic rocks (Anderson, 1982, 1983, this
memoir).
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REGIONAL SETTING

Introduction

Nahanni map area is underlain by unmetamorphosed strata
that form part of the Cordilleran miogeocline, a term herein
used for the westward thickening wedge of sedimentary rocks
of mid-Proterozoic to mid-Jurassic age deposited along the
continental margin of western North America. During its
long history the miogeocline experienced several periods of
extension or rifting that resulted in renewed subsidence and
sedimentation and in irregularly stretched and thinned crust.
Areas of thick crust subsided relatively little and supported
broad platforms or arches with thin sedimentary veneer; areas
of more crustal thinning underwent marked subsidence and
became sites of thick sedimentary accumulation.
Miogeoclinal sedimentation was terminated in the
mid-Jurassic, when collision of an island-arc terrane with the
continental margin led to imbrication and folding of the
miogeoclinal succession, and intrusion of widespread
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post-tectonic plutons. The limit of preservation of the
miogeocline is a truncated structural boundary defined by the
eastern limit of allochthonous terranes accreted in the
Mesozoic (Fig. 6). During this accretion, or earlier, the outer
distal parts of the miogeocline were removed. Alternatively,
they may have been made unrecognizable by structural
disruption and incorporation into the allochthonous terranes.
In the following descriptions, the terms "extension” or "rift"
are used interchangeably to signify stretching or thinning of
the crust. Their use does not imply crustal separation and the
formation of intervening oceanic crust.

In Nahanni map area, well-exposed strata record much of
the later history of the miogeocline and include an
Eocambrian rift sequence, the Paleozoic facies belts of
Mackenzie Platform and Selwyn Basin, a thick
Devono-Mississippian rift succession, and a late Paleozoic to
Late Triassic clastic shelf sequence. The diverse structural
styles of the Mesozoic Selwyn and Mackenzie fold belts and
intrusive bodies of the mid-Cretaceous Selwyn Plutonic Suite
are also well displayed. The following outline summarizes
the evolution of the northern Cordilleran craton margin, and
describes the aforementioned features of Nahanni map area
in a regional context.

Evolution of the northern Cordilleran craton margin
Mid-Proterozoic to late Precambrian

At about 750 Ma, rifting of the craton margin led to dyke
intrusion, synsedimentary faulting, and the progradation of a
thick wedge of clastic rocks, the Windermere Supergroup
(Eisbacher, 1981). At this time the Cordilleran basin showed
the first clear indication along most of its length of a
consistent westward-deepening basin polarity. This rifting
event was preceded by at least two periods of epicratonic
sedimentation of about 400 Ma each, separated by major
regional deformation (Eisbacher, 1981). Deposition during
these earlier periods (Wernecke assemblage (12+ km);
Pinguicula Group/Mackenzie Mountains Supergroup (5
to 7+ km) (Youngetal., 1979; Eisbacher, 1981)), each probably
initiated by an extension or rift event, may have been in an
intracratonic basin rather than along a continental margin. The
extent of the older strata and the Windermere rift assemblage
beneath much of the western part of the younger miogeocline is
unknown.

Late Precambrian to Middle Devonian

Extension or rifting in the late Precambrian led to the
formation of two facies belts in the miogeocline, which
persisted until Middle Devonian time. On the north and east
developed a broad expanse of shallow water carbonate and
clastic rocks (shelf facies) composing a shallow unevenly
subsiding shelf called the Mackenzie Platform (Lenz, 1972)
(Fig. 6). Thinning of individual formations and convergence
of unconformities within the platform strata define the loci of
Ogilvie and Redstone arches (Fig. 7). Greater subsidence
northeast of Redstone Arch led to the accumulation of thick
carbonate strata defining Root Basin (Fig. 6). On the south
and west of Mackenzie Platform is a succession of shale,

basinal limestone, chert, and turbiditic clastics (offshelf
facies) deposited in an area of relatively deeper water called
the Selwyn Basin (Gabrielse, 1967, 1976; Gabrielse et al.,
1973; Department of Indian Affairs and Northern
Development, 1981). An outboard shallow water
carbonate-clastic platform, the Cassiar Platform, developed
along the southwestern side of the Selwyn Basin in the Late
Silurian to Middle Devonian. The late Precambrian rift(?)
clastics at the base of the Selwyn Basin succession compose

Figure 6. Location of Nahanni map area (diagonal lines) with
reference to major late Precambrian to Middle Devonian
tectonic and depositional elements of the northern Cordilleran
miogeocline (Gabrielse, 1967). Shaded area represents
island arc and oceanic terranes accreted to the miogeocline
in the Mesozoic (Tempelman-Kluit, 1979). Mackenzie
Platform and contiguous Macdonald Platform are regions of
latest Precambrian to Middle Devonian shallow water
carbonate and clastic sedimentation. Selwyn Basin, Misty
Creek Embayment (MCE), Kechika Basin, and Richardson
Trough represent coeval deeper water shale, chert, and
basinal limestone. Cassiar Platform is outlined by the extent
of Siluro-Devonian shallow water carbonate strata. Redstone
and QOgilvie arches are loci of erosional and depositional
thinning and represent paleobathmetric highs within the
miogeocline. Root Basin, within Mackenzie Platform,
contains thick shallow water carbonate strata. The edge of
the miogeocline is defined at a hinge line west of which
sedimentary thicknesses increase abruptly. To the east the
Interior Platform comprises a thin veneer (<2 km thick) of
Cambrian to Upper Devonian cratonic sediment cover.
Cretaceous-Tertiary dextral offset along Tintina Fault (450+ km)
(Roddick, 1967; Tempelman-Kluit, 1979; Gabrielse, 1985) is not
restored.
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the oldest strata exposed in the basin, consisting of at least 3
km of gritty turbiditic sandstone of uncertain, but possibly
western derivation. Similar-age but easterly-derived thick
quartz sandstone (Backbone Ranges Formation) forms the
basal strata of western Mackenzie Platform.

The position of the boundary between Selwyn Basin and
Mackenzie Platform migrated laterally over a few tens of
kilometres. The sharp margins of Misty Creek Embayment
(Cecile, 1982) and Richardson Trough, and the abrupt change
to an east-west facies trend in southern Yukon (Fig. 7) may
have resulted from fault offset of basement. The likelihood
that faults directly controlled the position of this boundary
elsewhere is uncertain.

Late Devonian to Early Mississippian

In Late Devonian time the facies distribution outlining
Mackenzie Platform, Selwyn Basin, Richardson Trough, and
Cassiar Platform was destroyed. A sudden influx of marine,
turbiditic, chert-rich clastic rocks spread to the south and east
from a source area in northern Yukon and to the east from
uplifted western portions of the Selwyn Basin (Fig. 8). In
south-central and southeastern Yukon coarse turbiditic
clastics occur as far east as the old platform-basin boundary;
shale spread to the continental interior. Uplift in

&
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northernmost Yukon was related to the Ellesmerian orogeny,
a compressional event that produced pre-Early Mississippian
folding, a marked Early Mississippian angular unconformity,
and granitic intrusions of broadly Devonian age (Bell, 1973;
Norris and Yorath, 1981). Uplift of source areas in Selwyn
Basin and more southern portions of the Canadian Cordillera
was related to a rift event that produced local block faults,
local felsic volcanics, and widespread barite and barite-lead-
zinc mineralization (Gordey et al., 1987).

Mid-Mississippian to mid-Jurassic

Following the influx of Devono-Mississippian clastics,
normal marine shelf sedimentation resumed across the old
platform-basin transition and as far to the west as the
miogeocline is preserved. In the late Paleozoic to Late
Triassic of northern British Columbia and southern Yukon,
clastics dominate the sedimentary record (Bamber et al.,
1968; Gibson, 1975; Bamber and Mamet, 1978), but in
northern Yukon carbonates are also important (Bamber and
Waterhouse, 1971; Graham, 1973). In both regions
important unconformities occur within the succession,
cutting out large parts of the stratigraphic record. Because of
this and recent erosion, preservation is regionally
discontinuous. Lower Jurassic strata in the miogeocline of
the northern Cordillera are unknown except for shale and

CARBONATE SHELF EDGE :

s LATE SIL.-EARLY DEV.
At LATE ORD-EARLY SIL.

Figure 7. Location of Nahanni map area (diagona! lines) with respect to the position of the carbonate
shelf edge at various times in the lower Paleozoic. The average position of the shale-out defines the
major tectonic elements as shown in Figure 6. Preservation of Middle Cambrian strata is fragmentary;
the position of the Middle Cambrian shelf edge is largely unknown. Cretaceous-Tertiary dextral offset
along Tintina Fault (450+ km) (Roddick, 1967; Tempelman-Kluit, 1979; Gabrielse, 1985) is not restored.
(Compiled from Lenz (1972), and published as open file 1:250,000 scale maps and reports of the

Geological Survey of Canada).
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sandstone in northernmost Yukon (Poulton et al., 1982).
Middle and Upper Jurassic clastics occur in this same area
and in a narrow belt across central Yukon (Tempelman-Kluit,
1970).

Mesozoic structural evolution

The end of continental margin sedimentation and the
beginning of widespread compressional deformation was
signalled by the collision of a Mesozoic island arc with the
miogeocline in the mid-Jurassic (Tempelman-Kluit, 1979).
The outer or western part of the miogeocline was overthrust
by allochthons of mylonite, ophiolite, and granitic rocks and
was itself imbricated and folded during decollement-style

¢

'/

Figure 8. Regional distribution of coarse and fine clastic
strata of Devono-Mississippian age in Yukon and Northwest
Territories and northern British Columbia (from Gordey et al.,
1987). Nahanni map area is indicated by diagonal lines. The
wavy line subdivides the clastics into those derived from
northern Yukon, largely the Imperial Formation, and those
derived from the west, largely the Earn Group. The facies line
(labelled coarse (circles) to fine (dashes)) shows the eastern
limit of sandstone and conglomerate. Large arrows indicate
regional paleoflow from noncratonal source areas (wavy line
pattern). Small arrows show local paleoflow, possibly from
east or northeast cratonal source. Older Paleczoic tectonic
elements are shown in subdued tone (see Fig. 6 and 7).
Cretaceous-Tertiary dextral offset along Tintina Fault (450+ km)
(Roddick, 1967; Tempelman-Kluit, 1979; Gabrielse, 1985) is not
restored.

deformation (Fig. 9). Widespread mid-Cretaceous granitic
rocks (Fig. 10), possibly formed by crustal thickening and
heating as a result of collision, intruded the already deformed
strata of the outer miogeocline. Deformation of the inner
miogeocline in eastern and northern Mackenzie Mountains
occurred later as it involves molasse as young as Turonian
(Late Cretaceous; Paleocene coarse clastic strata are also
gently deformed (Aitken et al., 1982)). Right-lateral
transcurrent movement along Tintina Fault, Northern Rocky
Mountain Trench Fault, and related structures, in latest
Cretaceous or early Tertiary time was at least 450 km judging
from offset of earlier formed structural elements
(Tempelman-Kluit, 1979), and as much as 650 km as
indicated by possible offset facies (Gabrielse, 1985).

7 DLk
"GO
- \ﬁ}i ,(\
I

Figure 9. Location of Nahanni map area (diagonal lines) with
respect o structural subdivisions of the northern Cordillera
(modified from Gabrielse, 1976). Mackenzie Fold Belt (and
contiguous Northern Rocky Mountain Thrust and Fold Belt) is
an area of thrust faults and concentric folds, lacks slaty
cleavage, and corresponds largely to competent strata of
Mackenzie Platform (Fig. 6). Selwyn Fold Belt is
characterized by slaty cleavage, thrust faults, and tight folds.
It represents the largely incompetent strata of Selwyn Basin.
Cretaceous-Tertiary dextral offset along Tintina Fault (450+ km)
(Roddick, 1967; Tempelman-Kluit, 1979; Gabrielse, 1985) is
not restored.
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Structural style is greatly influenced by the distribution of
lower and middle Paleozoic facies. Incompetent strata in the
Selwyn Basin area are intensely folded and have
well-developed slaty cleavage (Selwyn Fold Belt) (Fig. 9);
the competent strata of Mackenzie Platform area are
imbricated by large thrust faults, lack slaty cleavage, and are
thrown into relatively open folds (Mackenzie Fold Belt).
Structural trends vary from north-south to east-west around
a great arc defined by Mackenzie and Ogilvie mountains that
parallels Paleozoic facies boundaries (Fig. 9). In northemn
Yukon (Northern Yukon Fold Complex) there is a sharp bend
from an east-west to a north-south structural trend.
Mackenzie Fold Belt (Gordey, 1981c) and Northern Yukon
Fold Complex (Norris, 1980) by analogy of their structural
style with the northern (Thompson, 1979) and southern
(Price, 1981) Canadian Rocky Mountains, have been
interpreted as thin-skinned detachment terranes. All thrust
faults and folds are presumed to root into or die out above a
basal decollement below which the basement and/or
underlying strata remain undeformed.

Use of the term "Selwyn Basin" - a historical
perspective

The term "Selwyn Basin" has changed considerably in
meaning since first introduced by Gabrielse (1967). Since it
has been used by different authors in different ways, it seems
pertinent to outline how its meaning has evolved and to
reiterate its definition as used here.

The original use (Gabrielse, 1967) of "Selwyn Basin" was
to delimit a sedimentary basin evidenced by a thick wedge of
sediments of Precambrian to Middle Devonian age that
thinned eastward to a hinge line at the position of Redstone
Arch (Fig. 11). The intent of the original definition
(H. Gabrielse, pers. comm., 1984) was to include shallow
water clastics and carbonates on the western side of Redstone
Arch as well as time-equivalent deeper water clastics and
chert to the west. Root Basin was used to refer to thick
carbonate strata east of Redstone Arch.

Unfortunately the term "Selwyn Basin” was used by
Gabrielse (1967) only as part of a framework for a broad
discussion of tectonic evolution, and was not rigorously
defined. The inclusion of shallow water strata within Selwyn
Basin was not specifically stated. Also, the limits of the basin
as originally figured (Gabrielse, 1967, Fig. 1) correspond to
the carbonate-shale (shelf-offshelf) boundary (compare with
Fig. 6-9, Gabrielse, 1967) implicitly excluding the shallow
carbonate strata from the basin. In common usage "Selwyn
Basin" increasingly came to mean a “shale basin" (e.g.
Blusson, 1976; Tempelman-Kluit, 1977b; Tempelman-Kluit
and Blusson, 1977; Department of Indian Affairs and
Northern Development, 1981). With rare exception (e.g.
Aitken et al., 1982), the original intent of including the
fringing shallow water strata was forgotten.

Tempelman-Kluit and Blusson (1977) considered the
Selwyn Basin not as a sedimentary basin evidenced by a
vertical accumulation of thick strata (as did Gabrielse, 1967),
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but as a depositional entity. They considered that for a
depositional feature to be a "basin” it must be at least partly
enclosed during sedimentation. By their definition Selwyn
Basin only existed from about the Early(?) Cambrian to
Middle Devonian when there was evidence of an outboard
platform (Cassiar Platform) or at least a restriction along the
southwestern margin. Shallow water carbonate strata to the
east of Selwyn Basin were referred to as Mackenzie Platform
(Department of Indian Affairs and Northern Development,
1981), a term coined earlier by Lenz (1972).

A third but geographical use of the term has been adopted
in some informal usage and in some literature (e.g. Douglas
et al., 1970). In this use "Selwyn Basin" refers to a
geographical area, roughly delineated by the Paleozoic
carbonate-shale boundary, but which includes all rock types
of any age found within that area.

The definition of "Selwyn Basin" presented here follows
partly that of Tempelman-Kluit and Blusson (1977), and
reflects the most common current usage. It refers to a region
of deeper water offshelf sedimentation that persisted from

MID-CRETACEOUS

granites

"+ volcanics

Figure 10. Distribution of mid-Cretaceous plutonic rocks (and
related volcanics) intruding the miogeocline and easternmost
accreted terrane. Plutons in Nahanni map area (diagonal
lines) and other areas northeast of Tintina Fault compose the
Selwyn Plutonic Suite. Paleozoic tectonic elements are
shown in subdued tone for reference (see Fig. 6 and 7).
Cretaceous-Tertiary dextral offset along Tintina Fault (450+ km)
(Roddick, 1967; Tempelman-Kluit, 1979; Gabrielse, 1985) is
not restored.



late Precambrian to Middle Devonian time. Its basal deposits
consist of thick late Precambrian rift(?) clastics; it is overlain
by rift clastics of Late Devonian age. On its northeastern side
are time-equivalent shallow shelf strata of Mackenzie
Platform. Along its southwestern margin there developed in
the Siluro-Devonian a carbonate-clastic shelf, the Cassiar

Sw

Platform, although a restriction to circulation may have
existed at this locus before Late Silurian time. Its
southwestern limit is essentially the limit of the miogeo-
cline as presently preserved. When a geographical
meaning is intended the word "area” will be appended
(e.g. in the Selwyn Basin area).

N E

| e
[ SELWYN BASIN >l

e ROOT BASIN —|

MR REDSTONE ARCH ? K

GABRIELSE ,1967
(pers.comm. 1984)

SELWYN BASIN —»le———  \ACKENZIE PLATFORM

MIOGEOCLINE
REDSTONE ARCH

lt—sje——  ROOT BASIN—————»

TEMPELMAN-KLUIT, 1977
D.ILA.N.D., 1981

< INTERIOR
PLATFORM

THIS REPORT

TECTONIC ASSEMBLAGES:

K -~-molasse
MTR -clastic shelf
DM —clastic wedge /turbidite basin

EXTENT OF SELWYN BASIN

pED ~carbonate shelf (brick)-offshelf (dash)
pCw-rift (Windermere Supergroup)
pEém—epicratonic (Mackenzie Mtns. Supergroup)

ofen

5

Figure 11. Evolution in terminology applied to the miogeocline, particularly the term "Selwyn Basin”,
as illustrated by a cross section from northeastern Finlayson Lake map area (105G}, through Nahanni
map area, and extending east-northeast across Mackenzie Mountains to Mackenzie River.
(p€-Precambrian; p€D-late Precambrian to Devonian; DM-Devono-Mississippian; MTR -Mississippian
to Triassic; K-Cretaceous; section is not compensated for structural shortening).
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STRATIGRAPHY

Stratified rocks in Nahanni map area are grouped into
assemblages that reflect three broad stages in the
development of the miogeocline (see Regional Setting): (I)
a late Precambrian to Middle Devonian stable platform
(Mackenzie Platform) sequence flanked to the southwest by
a deeper water sequence of equivalent age (Selwyn Basin);
(II) a Late Devonian to mid-Mississippian assemblage of
marine turbiditic clastics; and (III) a mid-Mississippian to
Triassic assemblage of clastics, chert, and minor carbonate
deposited on a shallow marine shelf.

These three assemblages comprise 31 formations (Fig.
12; Table of Formations) of which 11 are described for the
first time. The lithological descriptions and environmental
interpretations that follow are largely field based;
supplementary petrographical work was done on a few
selected clastic units. Paleontological descriptions, a list
of faunal zones and geological time chart, and a key to map
area names mentioned in the text are presented in the
appendices.

Assemblage I: Mackenzie Platform-Selwyn Basin

Mackenzie Platform strata consist mostly of shallow water
dolostone, with lesser amounts of limestone, and minor
quartz sandstone and shale. These shallow water
lithologies, termed shelf facies, are represented in the late
Precambrian to Middle Cambrian (Backbone Ranges,
Sekwi, and Avalanche formations), Cambro-Ordovician
(Haywire and Broken Skull formations), and
Siluro-Devonian (Delorme, Camsell, Sombre, and Arnica
formations). Selwyn Basin strata consist of shale,
limestone, chert, and grit, termed offshelf facies deposited
in relatively deeper water. They are represented in the
Precambrian (Yusezyu and Narchilla formations), Lower
Cambrian (Gull Lake Formation), Cambro-Ordovician
(Rabbitkettle Formation), Ordovician-Silurian (Duo Lake
and Steel formations), and Siluro-Devonian (Sapper,
Grizzly Bear, Natla, and Funeral formations). The
boundary between shelf facies (shallow platform) and
flanking offshelf facies (relatively deeper basin) migrated
through time across a northwest-trending zone 50 km wide
covering the northeastern half of the map area. In this
region formations of the Mackenzie Platform and Selwyn
Basin are interstratified.

For purposes of description the formations of Assemblage
I are grouped basinward (i.e. southwesterly) into three facies
belts:

1) northeastern belt: shelf facies of Mackenzie Platform
northeast of Broken Skull River;

2) central belt: interstratified shelf (Mackenzie Platform)
and offshelf (Selwyn Basin) facies between South
Nahanni and Broken Skull rivers; and

3) southwestern belt: offshelf facies of Selwyn Basin
southwest of South Nahanni River.
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Table of Formations

Period or Map unit and Thickness
Epoch Formation Lithology (m)
Pleistocene Q: unconsolidated glacial
10 Recent and alluvial deposits
unconformable
Cretaceous Selwyn Plutonic | Ks: granite, quartz
Suite” maonzonite, granodiorite
intrusive
Clastic Shelf
(mid-Mississippian to Triassic)
Triassic Jones Lake TJ: shale, siltstone, 750 +
Formation* sandstone
unconformable
Permian Mount Christie | CPMC: shale, chert 690
Formation~
unconformable
Mississippian “Tsichu" MT: quartz sandstone, 175-270
formation shale
unconformabte?
Turbidite Basin (in part)
(Devonian to mid-Mississippian)
EARN GROUP (PPORTRAIT LAKE AND PREVOST FORMATIONS)
Devono- Prevost DMP: shale, sandstone, 900 +
Mississippian Formation™ conglomerate
DMP1: sandstone, con-
glomerate, minor shale
DMP2: shale, minor sandstone
unconformable
Lower to Portrait Lake DP: shale, chert, sand- 40-880
Upper Formation* stone, conglomerate
Devonian DP1: sandstone, conglomerate

DP2: shale. chert,
minor sandstone

conformable to unconformable on Selwyn Basin
and Mackenzie Platform

Selwyn Basin (Offghelf Facies) - Mackenzie Platform (Shelf Facies)

(Precambrian to Middle Devonian

Southwest of S. Nahanni River
(Offshelf Facies)

ROAD RIVER GROUP (OSR) DUO LAKE AND STEEL FORMATIONS

Upper Steel §S: wispy laminated 95-145
Silurian Formation™ mudstone
conformable
Ordovician Duo Lake OSD: shale, chert 225-310
and Silurian Formation 0OSD1: shale, minor chert
QSD2: chert, minor shale
conformable
Cambro- Rabbitkettle -COR: silty limestone, 250-990 +
Ordovician Formation limestone
-COR1: white weathering
(SW of S. Nahanni R.)
unconformable on Gull Lake and Narchilla Format.ons
Lower and? Gull Lake €G: shale, siltstone, 1050
Middle Formation~” minor sandstone, lime-
Cambrian stone, conglomerate
€G1: limestone, 0-207?
conglomerate mbr
€G2: shale mbr (shale, 665
siltstone, minor sandstone)
€G3: grey mudstone mbr 390

conformable

* Denotes formations or groups that are named and described for the first time




Table of Formations. cont'd.

Table of Formations. cont'd.

* Denotes formations or groups that are named and described for the first time

Period or Map unit and Thickness Period or Map unit and Thickness
Epoch Formation Lithology {m) Epoch Formation Lithology (m)
HYLAND GROUP* (YUSEZYU AND NARCHILLA FORMATIONS) Lower Sekwi €8S: limestone, dolo- 405-675
Cambrian Formation stone, sandstone,
Precambrian Narchilta PEN: shale, minor sandstone 830 siltstone, shale
to Lower Formation™ BEN1: shale, minor sandstone €S1: carbonate mbr 200-365
Cambrian BEN2: sandstone mbr {limestone, dolostone)
(sandstone, shale) €82: sandy carbonate mbr 205-310
(sandstone, siltstone,
contormable shale, dolostone)
Precambrian Yusezyu BY: shale, sandstone, 30060+ ? conformable
Formation” quartz-pebble con- . ]
glomerate, minor limestone Lower Vampire PE€V: shale, siltstone, 830
BY1: limestone mbr 0-20 Cambrian Formation sandstone
base not exposed conformable
Between S. Nahanni and Broken Skuil Rivers Precambrian Backbone PB: dolostone 100 +
(Mixed Shelf and Offshelf Facies) Ranges
Formation
Middle Funeral DF: limestone 500
Devonian base not observed
conformable? Northeast of Broken Skull River
(Shelf Facies (except Natla Formation))
Lower Grizzly Bear DGB: limestone 0-200 A ] ]
Formation Middle Nahanni DN: limestone 30-90
Devonian Formation
unconformable
conformable
Silurian to Sapper SDS: silty limestone, 80-850 A '
Lower Formation™ limestone Middle Headless DH: limestone 215
Devonian SDS1: limestone mbr 0-295 Devonian Formation
SDS2: silty limestone mbr 90-585
SDS3: dark limestone mbr 50+ conformable
conformable Middle Landry DL: imestone 220-390
Devonian Formation
Upper Haywire €SH: dolostone, minor 45-885 +
Cambrian to Formation” shale, sandstone conformable
Lower €8H1: sandy carbonate 0-100
Silurian mbr (sandstone, shale, Middle Natla DNA: limestone 330-465
dolostone) Devonian Formation
€SH2: dolostone (includes 45-885 +
resistant and banded dst mbrs} conformabie
€SH3: volcanic mbr 0.336 +
(basal.l. tuff) Lower Arnica DA: dolostone 40
€SH4: white dolostone mbr 0-300 Devonian Formation
€SHS: massive dolostone mbr 200+ 7
conformable
conformabie on Broken Skull Formation; in part
lateral equivalent of 8roken Skull and unconformable?
- h Lower Sombre DS: dolostone 575-835
on Rockslide and Avalanche tormations Devonian Formation DS1: white dolostone mbr 195
] ] DS2: biack dolostone mbr 110
Upper_ Broken _Skuil €0BS: dplosxone, lime- 490-770 DS3: striped dolostone mbr 275
Cambrian Formation stone, minor sandstone
g";gc:gan g\?:?(ss:nzasr;gﬁ:aégﬁ:géie 0-130 conlormable on Sapper and Camsell formations
limestone) .
€0BS2: dolostone mbr 340-490 E)ower_ ('.:‘,amsel_l BC: dolostone 324
€0BS3: limestone mbr 20-585 evonian ormation
conformable conformable (relations seen northeast of
Nahanni map area)
Upper Rabbitkettle €0R: limestone, silty 440-550
Cambrian Formation limestone Upper Delorme SDW: dolostone, 690
€OR2: buff weathering Silurian Formation (cross section only)
(NE ot S. Nahanni R.) Lower_
_ Devonian
conformable on Rockslide Formation ]
contarmable (relations seen northeast of
Middle Avalanche €A dolostone 0-325 Nahanni map area)
. . ;
Camorian ormation Upper Whittaker OSW: dolostone, lime- 350
conformable on and in part lateral equivalent :.Z,rtli-z\:x:an Formation erf;;)e cross section
ot Rockslide Formation Silurian
gz'a‘rjr?:ian ngr:‘salzl%en €R: limestone 100-453 base not seen in map area
conformable
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Northeastern belt - shelf facies of Mackenzie Platform

Northeast of the upper reaches of Broken Skull River is a
thick succession of Late Ordovician to Middle Devonian
carbonate strata. The Late Ordovician to Early Devonian
Whittaker, Delorme, Camsell, Sombre, and Arnica
formations consist of medium- and thick-bedded, mostly
poorly fossiliferous dolostone and minor limestone. The
dolomite composition, local cryptalgal lamination and
mudcracks, and sparse faunas suggest deposition and/or
lithification under restricted marine conditions and high
salinity. The succeeding Middle Devonian Landry,
Headless, and Nahanni formations consist of thin- to
thick-bedded commonly fossiliferous limestone. The
limestone composition and abundant and diverse fauna
suggest open marine deposition. The Natla Formation
(described under the section on the central belt) also occurs
in this area, but represents an incursion of offshelf facies into
the platform; it separates the Arnica and Landry formations.
All of these formations are of regional extent, occurring over
large parts of Mackenzie Mountains. Southwest of Broken
Skuil River the Whittaker, Delorme, Camsell, Sombre, and
Arnica change facies to their offshelf equivalents (see Table
of Formations and Fig. 12).

Upper Ordovician to Lower Devonian

Whittaker Formation (OSW). The Whittaker Formation
(Douglas and Norris, 1961; Gabrielse et al., 1973) does not
crop out in Nahanni map area, but its uppermost beds which
are exposed east of the northeastern corner of the map area
(near section 57, Appendix 3) were examined and sampled
for conodonts for correlation purposes. The uppermost part
of Whittaker Formation consists of dark grey to black
weathering bioclastic dolostone and limestone. It is medium
to dark grey on fresh surfaces, and medium to thick bedded.
The contact with the overlying Delorme Formation is
conformable and delineated by a sharp change in weathering
colour from dark grey to orange.

Age and correlation. Conodont fauna from the uppermost
Whittaker and overlying Delorme formations at the above
locality have wide age ranges, but collectively tightly
constrain the contact to within the eosieinhornensis Zone (late
Late Silurian) (see Appendix 4). The base of the Whittaker
Formation is known from elsewhere in Mackenzie Mountains
to be of Late Ordovician age (Tipnis et al., 1978).

The Whittaker Formation is widespread in southern
Mackenzie Mountains (Gabrielse et al., 1973) and correlates
with the similar Mount Kindle Formation of northern
Mackenzie Mountains (e.g. Aitken et al., 1982). In Nahanni
map area it is equivalent to the Haywire Formation, and in
the offshelf facies to parts of the Sapper Formation and Road
River Group.

Delorme Formation (SDD). Conspicuous orange weathering
dolostone and limestone of the Delorme Formation (Douglas
and Norris, 1961; Gabrielse et al., 1973) outcrop immediately
northeast of Nahanni map area where it was examined and
sampled for conodonts. There (section 57, Appendix 3) the
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Delorme Formation consists of 687 m of orange weathering,
grey, very fine to fine crystalline dolostone in medium to
thick beds. In the lower 192 m there is an equal proportion
of blue-grey to buff-orange weathering, very fine to fine
crystalline limestone. Above 405 m the dolostone is very
finely laminated, and contains thin rare beds of pale green
mudcracked shale and mudchip conglomerate. The lower
contact of the Delorme Formation is conformable and placed
at an abrupt change in weathering colour from orange to grey
of the underlying Whittaker Formation. The upper contact,
also conformable, is picked at a sharp upward colour change
from orange to black weathering dolostone of the basal
Camsell Formation.

Age and correlation. Conodont faunas (Appendix 4) indicate
an age range for the Delorme Formation of Late Silurian
(eosteinhornensis Zone) to Early Devonian (late Lochovian).

The Delorme Formation is widespread in Mackenzie
Mountains (Gabrielse et al., 1973). In the offshelf facies it
correlates with the Sapper Formation in northeastern Nahanni
map area, and farther to the southwest it is partly correlative
with the Steel Formation (upper Road River Group).

Camsell Formation (DC). The Camsell Formation (Douglas
and Norris, 1961; Gabrielse et al., 1973) outcrops only in the
northeastern corner of the map area. There (section 57) it
consists of 324 m of grey, yellowish white, and lesser black
weathering, grey to black, fine crystalline dolostone in
medium to thick beds. Near the middle of the formation are
two 1 m thick intervals of yellow, very rubbly, and cavernous
weathering massive dolostone. The lower contact of the
Camsell Formation is sharp but conformable and defined by
a colour change to the underlying orange weathering
dolostone of the Delorme Formation. The upper contact is
conformable and defined at the top of the highest black
weathering, black dolostone bed. An overlying thick interval
of white weathering dolostone marks the lower Sombre
Formation.

Age and correlation. No fossils were found in the Camsell
Formation. Conodont faunas from overlying and underlying
units (Appendix 4) bracket its age as middle Early Devonian,
probably Pragian.

The Camsell Formation is a widespread unit in southem
Mackenzie Mountains (Gabrielse et al.,, 1973). To the
southwest in the offshelf facies it correlates with part of the
Sapper Formation, and farther to the southwest with the
lowest part of the Earn Group.

Sombre Formation (DS). The Sombre Formation (Douglas
and Norris, 1961; Gabrielse et al., 1973) is a thick succession
of well-bedded dolostone best exposed on the limbs of Black
Wolf Syncline.

On the northeastern limb of the syncline (section 58) the
Sombre Formation can be subdivided into three members
with a total thickness of 575 m. The lowest member (194 m)



consists of white to grey weathering, very fine to medium
crystalline dolostone in medium beds that are internally
massive or finely laminated. The middle member (108 m)
consists of fetid, bioclastic, grey to black weathering, dark
grey, fine to medium crystalline dolostone in thick beds.
Except for crinoid stem fragments most of the bioclastic
debris is not identifiable. The upper Sombre Formation
(273 m) consists of yellow-white, white, and dark grey to
black fine, crystalline dolostone that weathers to similar
colours. The dolostone is medium to thick bedded, and beds
may be massive or laminated. The lower third of the member
is predominantly light ccloured, the proportion of black
weathering dolostone interbeds increasing upward in the top
two thirds of the unit, to give a markedly striped appearance.
Black dolostone at the top of the upper member is commonly
riddled (to 30-40%) with amphipora-like tubes filled with
white carbonate. The Sombre Formation conformably
overlies the Camsell Formation, the basal contact being
defined at the top of the highest black to dark grey dolostone
bed of the latter. The upper contact of the Sombre Formation
is defined above the uppermost, white weathering dolostone
bed and beneath black weathering, cherty dolostone of the
Armnica Formation.

On the southwestern limb of Black Wolf Syncline, near
the northern boundary of the map area (section 55), the
Sombre Formation consists of 635 m of light grey,
weathering, light grey fine crystalline dolostone. The
dolostone is locally crinoidal or vuggy and occurs in medium
to thick beds. In its upper part, the Sombre Formation
contains interbeds of dark grey to reddish weathering cherty
limestone. The limestone is fine crystalline; on fresh surfaces
itis black. The three members recognized on the northeastern
limb of the syncline are not present on the western limb.
Overlying and underlying formations are also different. In
this area the Sombre Formation conformably(?) rests above
the Sapper Formation, the contact being picked at the lower
limit of dolostone above thick-bedded Sapper limestone. The
upper contact is at an abrupt conformable(?) change from
dolostone to dark grey weathering, black fine, crystalline
limestone of the Natla Formation.

Environment, age, and correlation. The dolostone
composition, dearth of fossils, and local delicate cryptalgal
lamination suggest a peritidai, restricted (above normal
salinity) depositional setting for the Sombre Formation. The
bioclastic middle member may have been deposited under
less restricted conditions. The age of the Sombre Formation
is poorly bracketed by conodont faunas to be middle Early
Devonian (Pragian-Zlichovian) (Appendix 4).

The Sombre Formation is widespread in Mackenzie
Mountains (Gabrielse et al.,, 1973) where the tripartite
subdivision based on a middle, dark weathering member is
widely recognized. Its western offshelf equivalents include
parts of the Grizzly Bear and Sapper formations and in more
western exposures, the lowest part of the Portrait Lake
Formation.

Arnica Formation (DA). The Arnica Formation (Douglas and
Norris, 1961; Gabrielse et al., 1973) is only recognized
northeast of the Broken Skull River. It consists of 40 m
(sections 57, 59) of dark grey to black weathering black, fine
crystalline, vuggy dolostone in medium to thick beds. Its
contact with the underlying Sombre Formation is placed at
the top of the uppermost white weathering dolostone bed of
the latter, Its upper contact with the Natla Formation is placed
at a sharp upward change from thick-bedded dolostone to thin
and evenly bedded, cherty dolostone.

Eavironment, age, and correlation. Like the underlying
Sombre Formation the Arnica Formation, with its dolomite
composition ar:d sparse fauna, probably represents deposition
in a peritidal restricted setting. Its age is well bracketed by
conodonts (Appendix 4) as being within the
inversus/laticostatus conodont Zone of late Early Devonian
age.

The Amica Formation is found throughout Mackenzie
Mountains (Gabrielse et al., 1973), where it ranges up to 500
m thick. Its thinness in the Nahanni area may be attributed
to facies change to the Natla Formation. Also, the striped
interval here composing the upper member of the Sombre
Formation may be included elsewhere in Mackenzie
Mountains with the Arnica Formation. Offshelf facies of
Armica age include the Sapper and Grizzly Bear formations
and farther southwest, the lower part of the Portrait Lake
Formation.

Middle Devonian

Landry Formation (DL). The Landry Formation (Douglas
and Norris, 1961; Gabrielse et al., 1973) is exposed in Black
Wolf Syncline where it consists of cliff-forming, grey
weathering limestone exposed between underlying and
overlying recessive limestone of the Natla and Headless
formations, respectively. On the northeastern limb of the
syncline it consists of at least 389 m (section 56) of thin- to
thick-bedded grey limestone, with abundant rugose and
tabulate corals. Echinoderm debris, brachiopods, and
trilobites are common locally. Near the base of the formation
is a 15 m thick interval of biostromal limestone with about §
percent vuggy porosity, containing large clumps of colonial
rugose corals, some not in growth position. The base of the
formation is picked at resistant, light grey weathering
limestone that conformably overlies thinly bedded, recessive,
greyish-black weathering limestone of the Natla Formation.
The top of the Landry Formation is conformable with
overlying thin-bedded limestone of the Headless Formation,
this contact being defined at a sharp upward change in
weathering colour from grey to buff-brown. The Landry
Formation can be easily traced on aerial photographs because
of its resistant character. To the southeast, at the eastern
boundary of the map area (with Glacier Lake (951) map area),
the Landry Formation pinches out and there is no resistant
limestone unit separating the Natla and Headless (or Funeral)
formations.
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Immediately north of the map area on the southwestern
limb of Black Wolf Syncline (section 55) basal beds of the
Landry Formation (222+m thick) consist of medium-bedded,
very fine crystalline limestone that weathers dark grey with
minor orange and pink. There the Landry Formation rests
conformably above dark grey to buff weathering,
thin-bedded, silty limestone assigned to the Natla Formation.

Environment, age and correlation. The Landry Formation’s
abundant fossils and lack of dolomitization indicate a
well-aerated open marine environment. Its age, based on
contained and bracketing conodont faunas, is late Eifelian
(probably within the australis to kockelianus zones)
(Appendix 4).

The Landry Formation is a widespread unit in Mackenzie
Mountains where it is a prominent ridge-former (Douglas and
Norris, 1961; Gabrielse et al., 1973). Where it pinches out at
the eastern margin of the map area, age control is not
sufficient to tell whether equivalent strata belong to the
underlying Natla or overlying Headless formations.
However, the latter is suspected because medium to thick
beds of the basal Landry Formation are tan-brown to orange
weathering in this region, a weathering colour characteristic
of the overlying Headless Formation. To the southwest in
Nahanni map area, beds of the offshelf facies that are
equivalent to the Landry Formation belong to the Funeral, and
possibly Sapper formations. Farther, basinward equivalent
shale and chert form the lower Portrait Lake Formation.

Headless Formation (DH). The Headless Formation
(Douglas and Norris, 1961, Gabrielse et al., 1973) is an
interval of recessive weathering limestone between resistant
limestone of the Nahanni and Landry formations. It is
exposed on the northeastern limb of Black Wolf Syncline.
Judging from sections described by Gabrielse et al. (1973,
sections 46 and 47) the Headless Formation in this area is
about 212 m thick. The predominant lithology is dark grey,
fine crystalline limestone that weathers orange to tan-brown
and occurs in thin to medium beds. The formation is rich in
fossils including an abundance of echinoderm debris, corals,
bryozoa, brachiopods, and trilobites. The basal contact is
conformable and placed at a sharp upward change in
weathering colour from grey to buff-brown. Toward the
southeast where the underlying Landry Formation pinches
out, the contact is picked at the highest recessive thin-bedded
dark weathering limestone of the Natla Formation. The
conformable upper contact is picked at the base of the lowest,
resistant, grey weathering thick limestone rib of the Nahanni
Formation.

Environment, age and correlation. The diverse and abundant
fauna of the Headless Formation is compatible with
deposition in an open marine shelf setting. Few fossil
collections were made during its brief examination and its age
therefore cannot be bracketed more closely than late Eifelian
(Appendix 4).
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The Headless Formation occurs widely in southern
Mackenzie Mountains (Gabrielse et al., 1973). In northemn
Mackenzie Mountains it correlates with the lithologically
similar Hume Formation (e.g. Aitken et al., 1982). On the
southwestern limb of Black Wolf Syncline in Nahanni map
area, and along strike to the southeast in Glacier Lake (95L)
map area (Gabrielse et al., 1973), equivalent offshelf strata
constitute the Funeral Formation. To the southwest, black
shale and chert of about the same age form the lower part of
the Portrait Lake Formation.

Nahanni Formation (DN). Resistant grey limestone of the
Nahanni Formation (Hage, 1945; Douglas and Norris, 1960,
1961; Gabrielse et al., 1973) overlies the recessive, orange to
tan-brown weathering Headless and Funeral formations
along Black Wolf Syncline. It also occurs above the Funeral
Formation along the unnamed syncline northeast of Sapper
Anticline, but there it is too thin and discontinuous to be
mapped separately. The top of the Nahanni Formation marks
the end of Mackenzie Platform carbonate deposition.

On Black Wolf Syncline (section 59), the Nahanni
Formation consists of about 31 m of grey weathering, grey to
black, fine crystalline limestone (Fig. 13). It weathers into a
succession of 3 m thick ribs separated by about the same
thickness of recessive beds. An irregular 0.2 m thick parting
is best developed in the more resistant beds. Crinoid ossicles
and brachiopods occur locally.

Northeast of Broken Skull Fault (section 35) the Nahanni
Formation comprises about 90 m of sparsely fossiliferous
limestone in grey weathering, medium to thick beds. Fresh
surfaces are dark grey.

The Nahanni Formation overlies the Headless and
Funeral formations conformably. The contact is defined
below the lowest resistant limestone rib resting on recessive
rubbly weathering limestone. Its upper contact along Black
Wolf Syncline is marked by an abrupt change from resistant

Figure 13. The Nahanni Formation (DN; 31 m thick) on the
northeastern limb of Black Wolf Syncline (section 59). The
contact with underlying thin-bedded and recessive limestone
of the Headless Formation (DH) is marked by arrows. GSC
204922.



weathering carbonate to recessive overburden- or vegetation-
covered shale of the Prevost Formation. This contact is
presumed to be unconformable as the expected intervening
Portrait Lake Formation is not present, or too thin to be
recognized along the poorly exposed contact (see Fig. 12).
Northeast of Broken Skull Fault (section 35), the Nahanni
Formation is sharply overlain with assumed conformity by
silver-grey weathering siliceous shale and chert of the Portrait
Lake Formation. To the southwest along the southwestern
limb of Sapper Anticline, the Nahanni Formation is absent.
Regional stratigraphic relationships suggest that there it was
removed by pre-Portrait Lake Formation erosion, although
this cannot be proved with present fossil control.

Environment, age, and correlation. The regional extent and
composition of the Nahanni Formation and sparse faunal data
indicate deposition on an open marine shelf. Its age is
probably latest Eifelian (Appendix 4). Its upper age limit,
although not constrained in the Nahanni area, appears
elsewhere in Mackenzie Mountains to be no younger than
Eifelian (Chatterton, 1978).

The Nahanni Formation extends as far as the eastern
margin of Franklin Mountains (Douglas and Norris, 1961).
In northern Mackenzie Mountains equivalent strata form the
upper part of the Hume Formation (e.g. Aitken et al., 1982).
To the southwest, siliceous shale and chert of the Portrait
Lake Formation may be partly equivalent, but fossil
determinations of Nahanni age are lacking in the offshelf
facies. Noble and Ferguson (1973) describe an abrupt south-
westward shale-out of the Nahanni Formation in south-
westernmost Northwest Territories (about 61°N; 125°W),

Central belt - Interstratified shelf (Mackenzie Platform)
and offshelf (Selwyn Basin) facies

The region between the South Nahanni and Broken Skull
rivers is underlain by late Precambrian to Middle Devonian
strata of mixed shelf and offshelf facies. Formations of
offshelf facies include the Vampire (late Precambrian to
Lower Cambrian), Rockslide (Middle Cambrian),
Rabbitkettle (Cambro-Ordovician), Sapper (Siluro-
Devonian), Grizzly Bear (Devonian), and Funeral
(Devonian) formations. Each of these is characterized by
one or more of siltstone, fine grained quartz sandstone, and
thin-bedded limestone. Interstratified with these formations
are the Backbone Ranges (late Precambrian), Sekwi ( Lower
Cambrian), Avalanche (Middle Cambrian), and Broken Skull
and Haywire (Cambro-Ordovician to Silurian) formations.
These are composed of shelf facies comprising mostly
shallow water dolostone, quartz sandstone, and shale. In
gross aspect the boundary between offshelf (Selwyn Basin)
and shelf (Mackenzie Platform) facies shifted northeast with
time. The Lower Cambrian shelf edge occurs along the valley
of Flat Lakes, and that of the Cambro-Ordovician occurs roughly
along the South Nahanni River. The Siluro-Devonian shelfedge
occurs along the upper Broken Skull River. In detail, however,
formations grouped with the shelf facies may contain members
of offshelf affinity, indicating complexities in the advance and
retreat of the shelf margin.

Precambrian to Lower Cambrian

Backbone Ranges Formation (BB). The Backbone Ranges
Formation (Gabrielse et al., 1973) is the oldest exposed
platform unit in Nahanni map area. It consists of medium-
and thick-bedded dolostone, sandy dolostone, and minor
quartz sandstone that weather light grey, cream, and light
orange. Exposures are limited to lower valley walls of the
South Nahanni River where it deeply dissects South Nahanni
Aanticline. There the formation is at least 400 m thick. The
Backbone Ranges Formation is abruptly and conformably
overlain by dark brown weathering siltstone, shale, and
sandstone of the Vampire Formation.

Environment, age, and correlation. The sandy dolostone and
quartz sandstone lithologies suggest deposition on a shallow
marine shelf. Trace fossils in the overlying Vampire
Formation suggest that the Precambrian-Cambrian boundary
may lie above but close to the top of the formation (Fritz
et al., 1983).

The Backbone Ranges Formation and its equivalents
extend over much of western Mackenzie Mountains. They
are known from Glacier Lake (95L.) and Wrigley Lake (95M)
(Gabrielse et al., 1973), Sekwi Mountain (105P) (Blusson,
1971, unit 12), Nadaleen River (106 C) and Bonnet Plume
Lake (106B) (Blusson, 1974), and Upper Ramparts River
(106 G) (Aitken et al., 1982) map areas. Exposures in
Nahanni map area correlate with the middle carbonate
member of the Backbone Ranges Formation at the type
section 44 km to the east (Gabrielse et al., 1973; Fritz, 1982).
To the southwest in Seiwyn Basin it may correlate with a thin
limestone member at the top of the Yusezyu Formation (Fritz
etal., 1983).

Vampire Formation (B€V). The Vampire Formation (Fritz,
1982) is a dark brown weathering clastic succession up to 830
m thick found between light grey weathering carbonates of
the underlying Backbone Ranges and overlying Sekwi
formations. Its best exposures are along South Nahanni
Anticline. It also cores the Sapper Anticline and is extensive
in the southeastern quarter of the map area. The Vampire
Formation is of fairly uniform composition. The following
summary is based on Fritz’'s (1982) description of the type
section located on South Nahanni Anticline immediately east
of the map area. His observations typify exposures
throughout the region.

The Vampire Formation consists of siltstone and very fine
to fine grained, quartz sandstone that weather dark brownish
grey. Beds are thin to thick, and planar laminae are visible in
some, especially the thinner ones. Cross-bedding is rare.
Load casts, ball and pillow structures, and penecontemp-
oraneous folds are present at some levels. The siltstone is
generally interbedded with the quartz sandstone, but at
several levels within the formation, the sandstone forms
resistant medium- to thick-bedded members. Fresh quartz
sandstone surfaces are medium grey, greenish grey, or light
brownish grey. The base of the Vampire Formation is defined
at the top of the highest orange weathering dolomitic
sandstone bed in the predominantly dolomitic Backbone
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Ranges Formation. The Vampire Formation is abruptly but
conformably overlain by maroon and orange weathering limy
nodular siltstone of the basal Sekwi Formation.

Environment, age, and correlation. The fine clastic facies of
the Vampire Formation represent deposition in an offshelf,
possibly slope (e.g. penecontemporaneous folds)
environment. Its trace fossils (Fritz et al., 1983) indicate an
earliest Early Cambrian age for at least the upper two thirds
of the formation. The lower part belongs to the Precambrian.

The Vampire Formation correlates with the upper
member of the Backbone Ranges Formation at its type section
to the east in Glacier Lake (95L) map area (Fritz, 1982). The
latter consists of fine to very coarse, locally pebbly quartz
sandstone. In Sekwi Mountain (105P) map area topmost beds
of the upper Backbone Ranges Formation are replaced by a
tongue of fine clastics belonging to the Vampire Formation
(unit 13 of Blusson, 1971). The tongue separates sandstone
of the upper Backbone Ranges Formation (unit 12 of Blusson,
1971) from the overlying Sekwi Formation. In southwestern
Nahanni map area scant trace fossils suggest that the Vampire
Formation is equivalent to maroon to dark grey weathering
fine clastics of the Narchilla Formation (Fritz et al., 1983).

Sekwi Formation (€S). The Sekwi Formation (Handfield,
1968; Gabrielse et al., 1973; Fritz, 1976, 1978, 1979a, 1979Db,
1981) is a widespread, lithologically varied Lower Cambrian
succession of carbonate, quartzite, and shale. Its grey to
bright orange weathering colour distinguishes it from
underlying dark weathering shale of the Vampire Formation
and from overlying dark grey to black weathering limestone
of the Rockslide Formation. In Nahanni map area the Sekwi
Formation is exposed in South Nahanni Anticline, in Sapper
Anticline, and in O’Grady Anticline. At the first two
localities it comprises a lower carbonate member of
limestone and dolostone (300 m), and an upper sandy
carbonate member characterized by quartz sandstone but also
including shale and dolostone (300 m).

The lower part of the carbonate member on South
Nahanni Anticline (see sections 21, 23) is characterized by
orange to grey weathering, dark grey, fine crystalline
limestone in thin beds. Wavy bedding and nodules of dark
blue-grey, fine crystalline limestone several centimetres
across are common. The nodules are elliptical and can be
widely separated or are locally abundant enough to coalesce
along bedding (Fig. 14A). They commonly weather more
recessively and are darker than the more silty matrix.
Interstratified with the limestone are rare intervals of slump
conglomerate from a few metres to up to twenty metres thick
(Fig. 14B). The conglomerates are predominantly orange
weathering. They consist of rounded to angular, black to dark
blue-grey, fine crystalline limestone clasts set in a sandy, fine
crystalline limestone matrix. These fragments may be
isolated within the matrix or clast supported. Up to 5 percent
of them are oolitic limestone or medium to coarse grained
quartzarenite. Clast size is predominantly 0.1 m or less but
more tabular clasts may be up to 0.3 m long. The clasts have
their long axes at variable angles to regional bedding and
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Figure 14. The Sekwi Formation along the southwestern fimb
of South Nahanni Anticline. A. Thin-bedded nodular bedded
limestone characteristic of the lower Sekwi Formation (photo
near section 21). GSC 204922-A. B. Limestone conglom-
erate, common in the lower Sekwi Formation, consisting of
light coloured fine crystalline limestone clasts in a dark
coloured argillaceous to sandy limestone matrix (photo near
section 21). GSC 204922-B. C. Sharp contact, marked by
arrows, of lower carbonate and upper clastic members of the
Sekwi Formation. View is to the northeast from section 21.
GSC 204922-C.



show no imbrication. The upper part of the carbonate
member comprises massive white weathering, grey, fine
crystalline dolostone. A fine lamination on weathered
surfaces in shades of grey and white can be discerned, with a
variable attitude on outcrop scale. Presumably this rock is a
dolomitized breccia containing clasts at various orientations;
the lamination is not continuously preserved so that original
clast outlines are not visible.

The sandy carbonate member of the Sekwi Formation in
South Nahanni Anticline is a succession of interstratified
quartzarenite, siltstone, mudstone, dolostone, and limestone
(Fig. 14C). For descriptive purposes it can be divided into
three main units. The lower unit (161.5 m in section 21)
comprises thick-bedded, planar laminated, or massive,
mature, quartzarenite with minor interbedded shale and
siltstone. In its upper part the unit contains thin to thick
interbeds of orange weathering fine crystalline dolostone,
commonly with suspended sand grains. Small-scale scour,
ripple cross-lamination, and oscillation ripple marks are
locally developed. The middle unit (108 m in section 21)
consists of interbedded purple mudstone, and yellow, fine
crystalline limestone and dolostone in beds 0.5 to 1.0 m thick.
The purple mudstone is commonly finely laminated and has
floating quartz sand and local mudcracks. The upper unit (94
m in section 21) comprises brilliant orange weathering,
thick-bedded, grey to white, very fine crystalline dolostone.

On Sapper Anticline (section 22) the lower member of the
Sekwi Formation comprises orange-brown weathering
siltstone, and thin-bedded, wavy bedded, cream weathering
dolostone in subequal proportions. This is overlain by
thick-bedded, fine crystalline, grey dolostone. The upper
member comprises dolostone and orange weathering
siltstone. Mature quartz sandstone in thick beds occurs about
16 1o 20 m above the base of the upper member. As in South
Nahanni Anticline the upper member contains purple,
maroon, and light brown siltstone and is capped by
brownish-grey to orange weathering siltstone and dolostone.
In Sapper Anticline the designation of upper and lower
members in measured section probably corresponds closely
with that as mapped in South Nahanni Anticline, the contact
between members placed below an influx of quartz sand. In
Sapper Anticline, however, mapping of the two members is
hindered by their similar orange weathering colour.

On O’Grady Anticline, the Sekwi Formation was only
briefly examined. There it consists of undivided orange
weathering dolostone, sandy dolostone, and quartz
sandstone.

The Sekwi Formation conformably overlies the Vampire
Formation along a gradational contact a few metres thick. The
formational boundary was selected at a change in lithology
from clastic to carbonate composition. The upper contact of
the Sekwi Formation with the Rockslide Formation is sharp
and apparently conformable, corresponding to a lithological
change from dolostone to limestone and to a marked change
in weathering colour from white to dark grey or black. On
southeastern South Nahanni Anticline the Sekwi Formation is
overlain conformably by dolostone of the Avalanche Formation,
a lateral equivalent of the Rockslide Formation. There is no

marked compositional difference across the contact and the
boundary is mapped at the base of red weathering beds that
are included within the Avalanche Formation.

Environment, age, and correlation. The presence of
thin-bedded limestone with interstratified slump(?)
conglomerate suggests that the lower part of the Sekwi
Formation was deposited below wave base in a relatively
deep water slope(?) environment. This part of the formation
represents a shoaling upward sequence above the underlying
Vampire Formation. Mudcracks and floating windblown(?)
quartz sand within the upper member suggest a shallow
subtidal to intertidal depositional setting. The age of the
Sekwi Formation is well known on the basis of a prolific and
diversified trilobite fauna. In Nahanni map area the upper
Lower Cambrian Fallotaspis, Bonnia-Olennelus, and
Nevadella zones are represented (Appendix 4).

The Sekwi Formation is a widespread Lower Cambrian
unit that outcrops over most of western Mackenzie Mountains
in Flat River (95E), Glacier Lake (95L), Wrigley Lake (95M)
(Gabrielse et al., 1973), Sekwi Mountain (105P) (Blusson,
1971), Bonnet Plume Lake (106B), Nadaleen River (106C)
(Blusson, 1974), and Niddery Lake (1050) (Blusson, 1974;
Cecile, 1981) map areas. Fritz (1976, 1978) presents detailed
measured sections of the Sekwi Formation from most of these
places. In Nahanni map area the Sekwi Formation is
apparently replaced to the west in the offshelf facies of
Selwyn Basin by shale of the Gull Lake Formation. A thin
limestone conglomerate at the base of the Gull Lake is of
Early Cambrian age and lithologically like the conglomerates
within the lower Sekwi Formation.

Middle Cambrian

Rockslide Formation (€R). The Rockslide Formation
(Gabrielse et al., 1973) comprises recessive, dark grey to
black weathering limestone which is well exposed along
South Nahanni Anticline (Fig. 15), Sapper Anticline, and east
of O’Grady Batholith. At the first locality it is easily
distinguished from overlying and underlying light coloured
carbonates of the Haywire (or Avalanche) and Sekwi
formations, respectively. In the latter areas it is underlain by
the Sekwi Formation but is overlain by the similar weathering
Rabbitkettle Formation.

Along South Nahanni Anticline the Rockslide Form-
ation varies up to 450 m in thickness and comprises dark
grey weathering, commonly planar laminated limestone in
thin to medium beds (Fig. 15). Medium grey to
brownish-grey weathering nodular siltstone, oolitic
limestone, and silty limestone are abundant lithologies at
some places. Penecontemporaneous breccias and slump
folds also occur locally. The contact with underlying
dolostone of the Sekwi Formation is sharp, but
conformable. The upper contact with Avalanche
Formation thick-bedded dolostone is gradational through
several to a few tens of metres and is expressed by an
increase in bed thickness and proportion of dolostone. The
contact is defined at the lowest dolostone bed.
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Along Sapper Anticline the Rockslide Formation consists
of about 430 m of tan weathering, dark grey, fine crystalline,
thin-bedded, platy limestone. Orange-brown weathering
beds, limy siltstone with limestone nodules, thin wavy beds,
and penecontemporaneous slump structures are present. The
base of the Rockslide Formation is defined at an abrupt
change from medium grey weathering limestone to orange
weathering siltstone and dolostone of the underlying Sekwi
Formation. The upper contact is defined at the base of very
fine to fine grained quartz sand marking the bottom of the
Rabbitkettle Formation.
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East of O’Grady Batholith the Rockslide Formation is
similar to that in Sapper Anticline. The contact with the
underlying Sekwi Formation occurs at an abrupt change from
orange weathering dolostone upward to dark weathering
limestone. The upper boundary of the Rockslide Formation
was not examined, and the presence of the quartz sand which
marks the overlying basal Rabbitkettle Formation on Sapper
Anticline was not confirmed. East of O’Grady Batholith the
mapped location of the Rockslide/Rabbitkettle contact is
inferred by assuming the same thickness for the Rockslide
Formation as occurs in Sapper Anticline.

Avalanche Formation (€A). The Avalanche Formation
(Gabrielse et al., 1973) consists of grey to white weathering
dolostone. It is exposed along South Nahanni Anticline
above dark weathering limestone of the Rockslide Formation,
and beneath basal redbeds of the Haywire Formation
(Fig. 15). At the southeastern end of the anticline it overlies
the Sekwi Formation.

Avalanche dolostone is medium to thick bedded, medium
to light grey weathering, fine to coarse crystalline, and
commonly vuggy. Locally there are beds that weather pink,
maroon, or tan, and locally the dolostone may contain a few
percent floating, medium to coarse, quartz sand. In the
middle of the formation is 20 to 30 m of oncolitic, dark grey
weathering, medium- to thick-bedded dolostone. The
oncolites are up to 2 cm in diameter and set in a medium to
coarse crystalline dolostone matrix. The basal contact of the
Avalanche Formation is gradational. Medium grey
weathering limestone of the Rockslide Formation in thin,
wavy, beds changes upward over a few metres to a few tens
of metres to medium- to thick-bedded Avalanche dolostone.
Nodular texture typical of the underlying limestone may
persist upward as ghost-like relicts in the dolostone. The
formational boundary is defined at the base of the lowermost
dolostone beds. At the southeastern end of South Nahanni

Figure 15. The Rockslide and Avalanche formations along
the southwestern limb of South Nahanni Anticline. A. Arrows
mark the scree-covered contact between the Sekwi Formation
{s) dolostone and the dark coloured limestone of the
Rockslide Formation (€Rr). The white patches within the
Rockslide Formation are mounds of massive, fine crystalline
limestone. View to the southwest, from 3 km northwest of
section 40. GSC 204922-D. B. "a" marks the contact of the
Sekwi Formation (€s) with the Rockslide Formation (ER). The
approximate top of the Rockslide Formation, and contact with
the overlying Haywire Formation (ESH) is at "b". Northwest
view from near section 40 toward section 21. GSC 204922-E.
C. The base of the Rockslide Formation (ER), and contact with
underlying Sekwi Formation (€s) is at "a". The upper contact
of the Rockslide Formation with the overlying Avalanche
Formation (€4) is at "b". The base of the Haywire Formation
(ESH) is at "¢". Displacement across a steeply-dipping fault
"f-f" is shown by offset of the base of the Haywire Formation
(i.e. "c" to "c"). Note that the Avalanche and Rockslide
formations are lateral equivalents (compare photos B and C)
occupying the same stratigraphic position between the Sekwi
and Haywire formations. View to the northwest from section
25 toward section 23. GSC 204922-F.



Anticline, the Avalanche Formation rests on the Sekwi
Formation. There, red weathering beds are present and
included within the Avalanche Formation. The base of the
redbeds serves to delineate an otherwise inconspicuous
formational contact. The upper contact of the Avalanche
Formation is placed at the base of the first appearance upward
of red weathering dolostone or grey, pink, or buff weathering
quartz sandstone that mark the basal redbed sequence of the
Haywire Formation.

Environment, age, and correlation of the Rockslide and
Avalanche formations. Compared to dolostones of the
overlying and underlying formations (Avalanche and Sekwi
formations) the Rockslide Formation was deposited in
relatively deep water; perhaps on a slope as indicated by local
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Figure 16. Regional distribution of Avalanche (dolostone)
(unpatterned) and Rockslide (limestone) black formations
delineate the approximate position of the Middle Cambrian
shelf edge. The Avalanche Formation replaces the Rockslide
Formation laterally to the southeast along the southwest limb
of South Nahanni Anticline (horizontal rule) as shown
diagrammatically in longitudinal section AB. The position of
the Middle Cambrian shelf edge is at a high angle to earlier
and later facies changes which trend dominantly northwest.

slump structures. It contains abundant trilobite fossils which
collectively represent all Middle Cambrian trilobite zones
(Appendix 4). The Avalanche Formation is a lateral
equivalent of the Rockslide Formation, gradually replacing it
toward the southeastern end of South Nahanni Anticline (Fig.
16). Its oncolites, floating quartz sand, and dolomite
composition suggest a shallow subtidal or peritidal
environment. The Avalanche Formation is not well dated,
but faunas collected indicate a Middle Cambrian age
(Appendix 4). Its diachronous basal contact with the Rockslide
Formation indicates it locally may span all or only a small part
of the time represented by that formation (see Fig. 16).

In Mackenzie Mountains the Rockslide Formation occurs
extensively in northwestern Flat River (95E) and Glacier
Lake (95L) map areas (Gabrielse et al., 1973). In these areas
it represents an incursion of offshelf facies far onto
Mackenzie Platform (Fig. 16). In these areas also, not all
trilobite zones are present in all sections, suggesting
depositional breaks within and at the base of the formation
(Gabrielse et al., 1973, p. 32, 38). In Bonnet Plume (106B)
map area shale and calcareous shale of Middle Cambrian age,
locally containing thick quartz sandstone flysch, is assigned
to the Hess River Formation by Cecile (1982). In Sekwi
Mountain (105P) map area unit 15 of Blusson (1971) is
lithologically similar and equivalent to the Rockslide
Formation. The Avalanche Formation has limited exposure
in Glacier Lake map area where it rests unconformably above
Precambrian to earliest Cambrian quartz sandstone of the
Backbone Ranges Formation. Over much of Mackenzie and
Selwyn mountains (including southwestern Nahanni map
area), Middle Cambrian strata have been entirely removed by
pre-Upper Cambrian erosion. Regional distribution of
Avalanche (dolostone) and Rockslide (limestone) formations
(Fig. 16) delineate the position of the Middle Cambrian
Mackenzie Platform edge. The platform edge trends
northeast, at right angles to earlier and later dominantly
northwest trends (Fig. 7; see section on Tectonics).

Cambro-Ordovician to Silurian

Haywire Formation (€SH)(new). The Haywire Formation
comprises medium- and thick-bedded light grey to white
weathering dolostone exposed mostly northeast of the South
Nahanni River. A basal tongue of the formation (sandy
carbonate member) extends southwest to Lened Syncline and
to the southeast of the Shelf Lake pluton. South of Haywire
Lake, the formation contains interstratified basalt flows and
tuffs (volcanic member). The Haywire Formation has
complex stratigraphic relations with overlying and
underlying units (Fig. 17). On South Nahanni Anticline, it
consists of monotonous shelf dolostone of Cambro-
Ordovician to Early Silurian age. To the northeast of
Margaret Syncline, partly correlative formations can be
mapped (see Fig. 17). In these regions the Haywire
Formation spans less time and in most places, is thinner.

Type section - Section 40 - 62°26.8'N;128°23.9'W. The type
section, 639 m thick, is located on the southwestern limb of
South Nahanni Anticline about 14 km northwest of Haywire
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Figure 17. Stratigraphic relationships of the Haywire Formation (patterned). The Haywire Formation
is a monotonous dolostone succession equivalent to the Rabbitkettle, Broken Skull, Sunblood, and
Whittaker formations of Mackenzie Mountains. The regional sub-Whittaker unconformity may be
present, but cannot be recognized within the Haywire, and may account for significant thickness
changes in the formation.

Figure 18. Northwesterly view of the Haywire Formation (€SH), southwestern limb of South Nahanni
Anticline, about 8 km northwest of the type section. The base of the Haywire Formation is approximated at
"a" and marked by a dotted line. Dark weathering beds of the basal sandy carbonate member are difficult
to distinguish at a distance from the upper Rockslide Formation (Er). Contact of the recessive Sapper
Formation (SDs) with the Haywire Formation is at "b". The base of a thin slightly resistant rib of carbonate
at "c" marks the contact of the Sapper Formation with limestone of the overlying Grizzly Bear Formation.
GSC 204922-G.
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Lake after which the formation is named. As the top of the
section is faulted, a separate reference section is designated
(see below) for the upper formational boundary. Although
exposed along a ridge crest, the lower part of the type section
is obscured by blocky felsenmeer and rubble. The base of the
formation is defined in felsenmeer at the base of light yellow
to cream weathering, sandy dolostone. The underlying
Avalanche Formation is of similar lithology but lacks sand.
An unconformity at the basal contact is assumed from
regional evidence for an important, locally angular,
unconformity at this level (Gabrielse et al., 1973). The type
section contains a basal sandy carbonate member about 86 m
thick that consists of yellow or red-to-orange weathering,
light grey, sandy dolostone and coarse grained quartz
sandstone. Planar lamination and large scale cross-
lamination are common. Abundant in the middle, and
forming the upper fourth of the member is blue-grey
weathering, blue-grey, fine crystalline limestone in beds up
to 2 m thick. The top of the sandy carbonate member is
marked by the upper limit of orange weathering strata. The
remainder of the Haywire Formation at the type locality
comprises 553 m of monotonous, thick-bedded, fine to
medium crystalline dolostone. Weathering colours range
from grey to white, and locally black or yellow. Fresh
surfaces are grey to dark grey. Beds in the lower 60 m of this
interval are locally sandy. The topmost beds of the Haywire
Formation are faulted against the Grizzly Bear Formation, but
relations along strike indicate as little as 50 m of Haywire
strata may have been thus removed.

Reference section for top of formation. A reference section
for the top contact of the formation is designated 14 km
northwest of the type section (section 41). There, the
uppermost 12 m of the Haywire Formation consists of grey
weathering, grey to black, fine crystalline dolostone in thick
beds. This is abruptly and conformably overlain by scree of
light grey to blue-grey weathering, black limestone of the
Sapper Formation that is locally burrowed and variably
argillaceous.

Figure 19. Interbedded basaltic volcanics (dark) and dolo-
stone (light) of the Haywire Formation, on the northwestern
side of Bologna Creek near South Nahanni River. View is to
the northwest. GSC 204922-H.

Other areas. Elsewhere along the southwestern limb of South

Nahanni Anticline the succession is similar to that of the type
section. The basal sandy carbonate member was examined
12 km southeast of the type section. There it consists of
maroon shale, quartz sandstone, and dolostone (section 25),
the shale being locally mudcracked, and showing rare
raindrop imprints. The basal contact with underlying
thick-bedded, massive dolostone of the Avalanche Formation
is sharp and presumably unconformable. Along much of
the southwestern limb of the anticline the upper Haywire
Formation contains widely separated thick beds of black
weathering, black dolostone which impart a striped
appearance (Fig. 18). Southwest of Honeymoon Lake the
Haywire Formation consists of massive, light to dark grey
dolostone (massive dolostone member), which contrasts
markedly to its well-bedded character elsewhere. The
massive member also occurs 8.7 km south of Margaret Lake
but has not been separately mapped there.

Southwest of South Nahanni River the sandy carbonate
member of the Haywire Formation forms a tongue(?) that
extends to Lened Syncline. There it consists of white to grey
weathering, commonly sandy, and locally red weathering
dolostone and limestone that rest unconformably on the
Vampire Formation. Lower and Middle Cambrian strata
(Sekwi and Rockslide formations) were removed by
sub-Haywire erosion. Whether the sandy carbonate member
in this area is continuous with that on South Nahanni
Anticline is uncertain; relationships are obscured by cover of
younger strata.

Southeast of Shelf Lake the sandy carbonate member of
the Haywire Formation comprises about 50 m of maroon
weathering, fine to medium grained quartz sandstone,
dolomitic sandstone, and orange weathering, grey dolostone.
This in turn is overlain by at least 120 m of grey, fine to
medium crystalline dolostone, with minor coarse grained
quartz sandstone, sandy dolostone, and minor flat pebble
conglomerate. About 15 m above the base of this upper
succession, is a thick bed of grey crinoidal limestone; the
crinoids indicate an age younger than Cambrian (Eaton,
1960, p. 626).

South of Haywire Lake (section 39), the formation
contains a volcanic member comprising up to 300 m of basalt
flows and tuff which weather rusty greenish grey to orange
(Fig. 19). The flow rocks are dark greenish grey on fresh
surface, highly chloritized, and commonly amygda'oidal.
The carbonate- and chlorite-filled amygdules vary from 2 to
6 mm in diameter and compose 10 to 15 percent of the rock.
The tuffs are dark grey to dark greenish grey, fine grained
(maximum fragment diameter 2 cm), and commonly altered
to chlorite phyllite. The rusty weathering colour is caused by
abundant disseminated pyrite. The volcanics are intercalated
with several units, up to 30 m thick, of fine crystalline,
thick-bedded dolostone. The carbonate weathers light grey
to orange and on fresh surfaces is light grey. The maximum
thickness of a basalt interval is about 44 m, and the thickest
unit of tuff about 115 m. Individual eruptive units within the
lava or tuff could not be distinguished.
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Northeast of Margaret Syncline as far as the eastern and
northern margins of the map area, the lower and middle parts
of the Haywire Formation are replaced by the Broken Skull
and Rabbitkettle formations (Fig. 17). The Haywire
Formation in this region is generally composed of
thick-bedded light grey weathering dolostone. It is overlain
sharply and conformably by darker coloured recessive
limestone of the Sapper Formation. Thin-bedded dark
limestone of the Broken Skull Formation rests sharply and
conformably beneath it. The thickness of the Haywire
Formation in this region varies remarkably, and at different
localities several informal members are recognized
(described below). Section 30 is designated a reference
section for the Haywire Formation in this area. There, the
Haywire Formation comprises 379 m of thick-bedded
dolostone. The lower 181 m is dark grey weathering, and dark
grey to black on fresh surface. Ellipsoidal chert nodules up to
6 cm in diameter form up to 10 percent of the rock. The upper
198 m comprises alternations from 1 to 4 m thick of grey,
black, and white weathering, fine to medium crystalline
dolostone. The basal conformable contact of the Haywire
Formation with the underlying Broken Skull Formation is
marked by an abrupt upward change from thin-bedded
limestone to thick-bedded dolostone. The conformable
upper contact of the formation is at a sharp change, delimited
in scree, from white weathering dolostone to tan weathering
limestone of the Sapper Formation.

At section 29, midway along the eastem boundary of the
map area, the Haywire Formation consists of 851 m of
medium- to thick-bedded dolostone. Grain size varies from
fine to medium crystalline, and on fresh and weathered
surfaces the rocks are light to dark grey. Two informal
members are recognized. A lower or resistant member, 455
m thick, is recognized by its cliff-forming character and
predominantly light grey weathering colour. An upper, or
banded member is predominantly dark grey weathering. In its
upper part the banded member contains thick beds of black
dolostone which impart a striped appearance like that of the
upper Haywire Formation along South Nahanni Anticline.

Along the northeastern limb of Margaret Syncline
(section 33) the Haywire Formation totals 884 m of
thick-bedded dolostone. Two members are recognized. A
lower or dark dolostone member comprises 585 m of fine to
medium crystalline dolostone. Fresh and weathered surfaces
are dark grey. The lower member is sharply overlain by 299 m
of light grey to white weathering dolostone of the white
dolostone member.

Along the southwestern limb of Sapper Anticline the
Haywire Formation reaches a minimum thickness of 45 m.
There it consists of grey weathering, grey to black, medium
to coarse crystalline dolostone. Dark chert nodules up to
several centimetres in diameter are abundant. On the
northeastern limb of the anticline the formation contains
about 140 m of grey, black, or white weathering, medium to
coarse crystalline dolostone in thick beds.

East of O’Grady Batholith strata assigned to the Haywire
Formation (section 44) comprise at least 239 m of thick-
bedded, locally cherty limestone and dolostone. In contrast
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to other places Haywire strata are predominantly limestone.
However, the thick bedding readily separates the Haywire
Formation from the thin-bedded limestone of the overlying
Sapper and underlying Broken Skull formations.

Environment, age, and correlation. The dolomite
composition, mudcracks, and scarcity of fossils in the
Haywire Formation suggest a shallow subtidal to intertidal
depositional setting. Parts of the basal sandy carbonate
member along South Nahanni Anticline represent deposition
on a sandy to muddy tidal flat, with mudcracks and raindrop
imprints indicating subaerial desiccation. The massive
dolostone member near South Nahanni River may
represent dolomitized reef(?) facies along the edge of the
carbonate shelf.

Conodonts and rare corals from the middle and upper parts
of the Haywire Formation in South Nahanni Anticline indicate
an age span of Early Ordovician to Early Silurian (Appendix 4).
A Late Cambrian (Franconian) age is assigned to unfossiliferous
basal beds there and to the southwest by correlation with similar
strata in Glacier Lake map area (Gabrielse et al., 1973).
Northeast of the anticline, Early and Middle Ordovician strata
are represented by the Broken Skull Formation. There, the
overlying Haywire Formation is confined to Late Ordovician
and Early Silurian age (Fig. 12) (Appendix 4).

The Haywire Formation correlates in the Mackenzie
Mountains with the Rabbitkettle, Broken Skull, and Sunblood
formations and perhaps part of the Whittaker Formation (see
Gabrielse et al., 1973). It represents the outer shelf equivalent
of these formations where they lose their distinguishing
characteristics and mappability (see Fig. 17). Volcanics west
of Honeymoon Lake may correlate with prominent andesite
or basalt flows in the Middle Ordovician Sunblood Formation
in Glacier Lake (951L) map area to the east. To the southwest
the Haywire Formation correlates with the Rabbitkettle
Formation and Road River Group in the offshelf facies of
Selwyn Basin. The distribution of strata outside the map area
that can be assigned to the Haywire Formation (Fig. 20)
include parts of map units OSw and Os? to Os” of Gabrielse
et al. (1973) in Glacier Lake (95L) map area, the lower part
of map unit 19b of Blusson (1971) in Sekwi Mountain (105P)
map area, and all or part of map units 7 and 8 of Blusson
(1968) in Frances Lake (105H) and Flat River (95E) map
areas. For the last region, Blusson considered -unit 8 to be
Lower and/or Middle Cambrian. However, near Shelf Lake,
strata continuous with Blusson’s (1968) unit 8 contain crinoid
ossicles and are therefore Ordovician or younger.

Along trend from Shelf Lake to the southeast is the
Brintnell Member, an unfossiliferous silty to sandy orange
weathering dolostone that Gabrielse et al. (1973) thought
Early Cambrian in age, and hence assigned to the Sekwi
Formation. This dolostone rests directly on the Vampire
Formation (phyllite unit of Gabrielse et al. (1973)), and
nodular limestone that is typically found at this stratigraphic
position in the Sekwi Formation is apparently absent. The
Brintnell Member, instead of being Early Cambrian in age,
may represent basal Cambro-Ordovician strata resting



unconformably on the Vampire Formation. Local volcanics
underlying the Brintnell Member likewise may not be of
Early Cambrian age as previously thought.

In Mackenzie Mountains there is an important regional
unconformity beneath the Whittaker Formation (Gabrielse et
al., 1973). It is uncertain whether this unconformity extends
into the Haywire Formation (Fig. 17). Extreme thickness
changes of the Haywire Formation northeast of South
Nahanni Anticline may reflect this erosional episode, but
evidence for this event is obscured by monotonous lithology
and dearth of fossils.

Rabbitkettle Formation (northeast of South Nahanni River)
(€OR2). The Rabbitkettle Formation (Gabrielse et al., 1973)
comprises thin-bedded tan weathering limestone. It is
underlain by the Rockslide Formation of similar weathering
colour and lithology, and overlain by white weathering
dolostone of the Broken Skull Formation. Best exposures are
along and north of Sapper Anticline.

The Rabbitkettle Formation near the southeastern end of
Sapper Anticline (section 28) comprises 438 m of orange-tan
weathering thin-bedded limestone. The limestone is very
fine crystalline and on fresh surfaces is blue-grey. Nodules
of grey weathering limestone are common, are as large as
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Figure 20. Distribution of the Haywire Formation in Nahanni
map area and correlative strata in adjacent map areas that
might also be assigned to the Haywire Formation. Acronyms
refer to map units of Gabrielse et al., 1973.

several centimetres across, and weather preferentially to form
a "swiss-cheese" texture. Grey weathering, thin-bedded, silty
limestone is commonly interbedded with the orange
weathering limestone. This rock type is also very fine
crystalline and is blue-grey on fresh surfaces. It lacks
limestone nodules, and locally has an orange weathering
parting. The base of the Rabbitkettle Formation is defined at
the base of a 33 m thick unit of white weathering, grey, fine
grained quartz sandstone. Ripple cross-lamination and
herringbone cross-stratification are common in this basal
unit. Minor interbeds of orange weathering dolostone and
sandy dolostone occur within the sandstone. The unit
overlies quartz siltstone with limestone lenses that forms the
top of the Rockslide Formation. The top 10 m of the
Rabbitkettle Formation comprises orange-tan weathering,
blue-grey, thin-bedded silty limestone characterized by red
colouration along bedding planes. The upper contact of the
formation is defined at a sharp change to grey-tan weathering
thick-bedded dolostone of the overlying Broken Skull
Formation.

Figure 21. Thin-bedded limestone typical of the Rabbitkettle
Formation northeast of South Nahanni River. Thin beds and
nodules of blue-grey weathering, fine crystalline limestone
occur within a matrix of thin-bedded, orange weathering silty
limestone matrix. GSC 204922-|.
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Along Sapper Anticline the Rabbitkettle Formation is
about 490+ m thick (section 22), and comprises thin-bedded,
locally nodular limestone like that described above. Limy
siltstone and shale compose thick intervals (tens of metres)
in the lower and mid-upper parts of the formation. The base
of the formation is defined at the base of a member of quartz
sandstone 37 m thick. The grey weathering quartz sandstone
occurs in medium and thick beds and is interbedded (25%)
with greenish-grey siltstone. The top of the formation is
defined by an abrupt change upward to white weathering
blocky dolostone of the overlying Broken Skull Formation.

North of Sapper Anticline and east of Broken Skull Fault,
the formation also consists of thin-bedded, locally nodular
limestone. However, the base of the formation was not
examined, and it is not known if the basal quartz sandstone
is present. The mapped position of the lower contact is
inferred from the thickness of the formation in other places,
and from the presence of a slightly more reddish-tan
weathering interval that occurs elsewhere near the base. East
of O’Grady Batholith at about 62°55N; 128°25'W,
Ludvigson (1982) described a section through the upper part
of the Rabbitkettle and lower Broken Skull formations (the
latter incorrectly assigned to the Road River Formation), for
which he gives a valuable, detailed conodont zonation and
environmental interpretation. Lithologies there, like
elsewhere, are thin bedded limestone and silty limestone (Fig.
21). The base of the formation was not examined in this area
and the Rockslide-Rabbitkettle contact was mapped only
approximately.

Environment, age, and correlation. The general scarcity of
traction-produced features, thin bedding, silty limestone
lithology, and position to the east of flanking, equivalent,
shallow water dolostone (Broken Skull Formation - see below)
indicate a below wave base, offshelf setting during
Rabbitkettle deposition. The ripple cross-laminated and
herringbone cross-stratified (intertidal?) basal quartz
sandstone near the southeastern end of Sapper Anticline
represents a period of shallowing before the relatively deeper
water deposition of most of the formation. The age of the
Rabbitkettle Formation is well constrained through conodont
and trilobite collections to range from Dresbachian (Late
Cambrian) through early Tremodocian (Early Ordovician)
(Appendix 4).

The Rabbitkettle Formation outcrops extensively in
western Flat River (95E) and southwestern Glacier Lake
(95L) map areas. As developed there it is largely equivalent
to the Broken Skull Formation (Gabrielse et al., 1973). The
Rabbitkettle Formation in much of northeastern Nahanni map
area can be considered a basal tongue of the formation,
overlain by its lateral equivalent, the Broken Skull Formation
(see Fig. 17). Only in a small area east of Margaret Syncline
is the Rabbitkettle Formation completely replaced by the
Broken Skull Formation. The Rabbitkettle Formation is
mapped southwest of South Nahanni River (described later),
where it has a similar lithology, but is generally white or grey
rather than tan to brown weathering. A regional uncon-
formity is recognized beneath the Rabbitkettle Formation
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southwest of South Nahanni River and beneath the Haywire
Formation and the Broken Skull Formation over much of
Mackenzie Platform. However in northeastern Nahanni area,
a complete sequence of trilobite zones through the Middle
and Upper Cambrian indicates little if any erosion. The
Rabbitkettle Formation is equivalent to the widespread
Kechika Group of Cassiar (Gabrielse, 1963a) and Pelly
(Gordey, 1981b) mountains. Cecile (1982) included
Cambro-Ordovician silty limestone, limestone, and shale in
Bonnet Plume Lake (106B) map area in the Rabbitkettle
Formation.

Broken Skull Formation (€OBS). White to dark grey
weathering dolostone and limestone of the Broken Skull
Formation (Gabrielse et al., 1973) are widely exposed
northeast of South Nahanni Anticline. The formation
overlies dark brown weathering limestone of the Rabbitkettle
Formation (and locally Rockslide Formation) and underlies
grey weathering dolostone of the Haywire Formation (Fig.
17). Two members are generally recognized. A lower or
dolostone member (340-490 m) comprises light grey to white
weathering, thick-bedded dolostone. The upper or limestone
member (118-583 m) consists of dark grey thin-bedded
limestone. A third unit, the sandy carbonate member (0-103
m) occurs at the base of the formation, but only north of the
southeastern end of Margaret Syncline.

On the southwestern limb of Sapper Anticline the lower
dolostone member consists of 338 m of grey, white, and tan
weathering, thick bedded dolostone. The rock is grey to black
on fresh surfaces, and fine to medium crystalline. A 20 m
thick interval from 278 to 306 m above the base of the
formation consists of angular to subrounded blocks of
laminated dolostone up to 2 m in diameter randomly oriented
within a white, coarse crystalline, dolomite matrix. Above

Figure 22. North-looking view of Broken Skull (769 m; €0Bs)
and Haywire (€SH) formations, at section 29. Contact of the
Broken Skull Formation with the underlying Rockslide (€r)
Formation is at "a". The base of the Haywire Formation is at
"c". "b" marks the contact between the lower or dolostone
member, and the upper or limestone member of the Broken
Skull. GSC 204922-J.



the breccia, the dolostone is thin to medium bedded. The
overlying limestone member consists of 127 m of blue-grey
weathering, black, very fine to fine crystalline, thin-bedded
limestone. This is overlain by 24 m of tan to dark grey
weathering, dark grey dolomitic siltstone. The contact with
overlying thick-bedded dolostone of the Haywire Formation
is not exposed.

On the northeastern limb of Sapper Anticline (section 30)
the dolostone member is 339 m thick and comprises
monotonous, black, grey, and white weathering, dolostone in
thin to thick beds. The sharply overlying limestone member
consists of 200 m of grey weathering thin-bedded limestone.
The limestone is fine crystalline. Scattered nodules and thin
beds of black chert are common.

East of Broken Skull Fault, at the southern end of O’Grady
Anticline (section 34), the top of the lower dolostone member
consists of light grey to yellow weathering, very fine
crystalline dolostone in medium to thick beds. The overlying
limestone member is 118 m thick. Thin-bedded, very fine
crystalline limestone that weathers light grey, yellow-grey,
and pink is the prominent lithology. Chert nodules are
common.

North of O’Grady Anticline (section 38), the limestone
member attains a maximum thickness of 583 m. The lower
292 m consists of thin-bedded, fine crystalline, grey to pink
weathering, black limestone. The upper 291 m comprises
medium to thick bedded, light grey weathering, black, fine
crystalline limestone that is locally cherty. The contact with
the underlying thick-bedded dolostone member is sharp.

North of the southeastern end of Margaret Syncline the
Broken Skull Formation (section 29) can be subdivided into
three members (Fig. 22) totalling 769 m. The lowest 103 m
of the formation, the sandy carbonate member, consists of
white to orange weathering, fine to coarse crystalline,

Figure 23. Sharp conformable contact (marked by arrows)
between white weathering dolostone of the lower Broken Skull
Formation (€0Bs) and dark tan weathering limestone of the
Rabbitkettle Formation (EOR). View is to the west, midway
along the northeastern limb of Margaret Syncline. GSC
204922-K.

thick-bedded sandy dolostone and interbedded dolomitic
quartz sandstone. The overlying dolostone member
comprises 487 m of medium- to thick-bedded dolostone. The
carbonate weathers grey, is sandy near the base, and is
commonly oncolitic. The sharply overlying limestone
member consists of 179 m of medium-bedded, very fine
crystalline, black limestone. Rouge colouration along
bedding planes is characteristic.

Near the southeastern end of Margaret Syncline, lime-
stone of the upper Broken Skull Formation is replaced by
dolostone. There the Broken Skull Formation cannot be
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Figure 24. An interpretation of stratigraphic relations
between the Broken Skull and Rabbitkettle formations
between Sapper Anticline and Margaret Syncline. The
sub-Franconian unconformity at section 29 is presumed from
regional correlation with Broken Skull strata in Glacier Lake
map area (Gabrielse et al., 1973). Rabbitkettle-Rockslide
deposition at section 28 is probably continuous as shown by
fossil collections of Fritz (this memoir) for the same
stratigraphic sequence at section 22. Fossil locality 96
(Appendix 3) collected on a reconnaissance traverse was
found an uncertain distance above the quartz sandstone. The
Rabbitkettle Formation is partly equivalent to the Broken Skull
Formation as well as to the hiatus represented by the
sub-Broken Skull (sub-Franconian) unconformity.
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mapped separately and beds of Broken Skull age are included
in the monotonous dolostone sequence of the Haywire
Formation (Fig. 17).

Over most of the area the Broken Skull Formation rests
sharply and conformably on the Rabbitkeitle Formation. Its
basal grey or white weathering dolostone contrasts sharply
with the dark tan weathering Rabbitkettle limestone (Fig. 23).
North of the southeastern end of Margaret Syncline the sandy
carbonate member of the Broken Skull Formation
unconformably(?) overlies the Rockslide Formation. The
contact there is defined at the boundary between thick-bedded
silty limestone beneath and thick-bedded sandy dolostone
above. Mapping of areas to the east suggests a sub-
Franconian unconformity at the base of the Broken Skull
Formation (Gabrielse et al., 1973). If the unconformity is
present at the above locality, relations between the Broken
Skull and Rabbitkettle formations may be as depicted in
Figure 24. The Rabbitkettle Formation would be partly
equivalent to the Broken Skull Formation and partly
equivalent to unrepresented stratigraphic record beneath the
unconformity. The basal quartz sandstone of the Rabbitkettle
Formation would represent a shoaling related to the
unconformity. The contact of dolostone and limestone
members of the Broken Skull Formation appears everywhere
sharp and conformable. Thin- to thick-bedded limestone of

the upper limestone member is abruptly and conformably(?)
overlain by thick-bedded dolostone of the Haywire
Formation.

Environment, age, and correlation. The dolostone member
of the Broken Skull Formation was probably deposited in a
shallow subtidal or intertidal setting, as indicated by the
dolomite composition, oncolites, and locally, suspended
(wind-blown?) quartz sand. The upper limestone member
may represent deposition in a slightly(?) deeper water setting.
Fauna, largely conodonts, indicate a Tremadocian (Early
Ordovician) age for the lower dolostone member where it
rests on the Rabbitkettle Formation, and an Arenigian to
Llandeilian (late Early to late Middle Ordovician) age for the
upper limestone member (Appendix 4). Northeast of the
southeastern end of Margaret Syncline basal beds of the
Broken Skull Formation rest on the Middle Cambrian
Rockslide Formation and may be as old as Late Cambrian
(Fig. 24).

The Broken Skull Formation is a Late Cambrian-Early
Ordovician dolostone-limestone succession found widely
in Glacier Lake (95E) and Wrigley Lake (95L) map areas
(Gabrielse et al., 1973, p. 51). Strata mapped as Broken
Skull in Nahanni map area encompass this interval, but
also range into the Middle Ordovician. This younger limit
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Figure 25. Stratigraphic relations between the Sapper (stippled) and adjacent formations. Near Broken
Skull River the Sapper Formation includes Grizzly Bear equivalent strata. The Grizzly Bear Formation
is not developed there as a separately mappable formation. On the southwestern limb of Margaret
Syncline pinchout of the Grizzly Bear Formation precludes differentiating the Sapper and Funeral
formations. Funeral equivalent strata in that area are therefore included within the Sapper Formation
(ruled pattern). The contact of the limestone and silty limestone members of the Sapper Formation is
diachronous as is the Sapper-Haywire formation boundary. Near South Nahanni River a coalescence
of several unconformities leads to the Prevost Formation resting nearly directly on the Haywire
Formation. An unconformity underlies the Portrait Lake Formation over most of northeastern Nahanni
map area. However, southwest of South Nahanni River and near Broken Skull River beds beneath the
unconformity are lithologically like those above it. The continuation of the unconformity in these areas
is uncertain (also see Fig. 12).
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is the same age as dolostone and limestone of the Sunblood
Formation (Gabrielse et al., 1973) in the aforementioned
areas. Thick black dolostone which distinguishes the basal
Sunblood Formation is not developed in the Nahanni area.
‘The Broken Skull correlates with the similar Franklin
Mountain Formation in northern Mackenzie Mountains
(Norford and MacQueen, 1975; Aitkenetal., 1982). To the
west, in the offshelf facies in Selwyn Basin, it is largely
equivalent to the Rabbitkettle Formation. The sandy
carbonate member likely correlates with similar lithologies
at the base of the Haywire Formation and with a widespread
sandstone memberat the base ofthe Broken Skull Formation
in Glacier Lake (95L) and Wrigley Lake (95M) map areas

(Gabrielse et al., 1973). An important regional uncon-
formity, in places angular, occurs beneath Upper Cambrian
beds of the Broken Skull, Rabbitkettle, and Franklin
Mountain formations over large areas of Mackenzie and
Selwynmountains.

Siluro-Devonian

Sapper Formation (SDS)new). The Sapper Formation
comprises recessive, thin-bedded, dark grey to tan-orange
weathering limestone and silty limestone exposed northeast
of the South Nahanni River. In many areas two members are
recognized, a lower limestone member of grey weathering,
dark grey thin-bedded limestone and an upper silty limestone
member of tan to tan-orange weathering silty limestone. The
Sapper Formation is easily distinguished at a distance from
underlying light grey to white weathering dolostone of the
Haywire Formation and from grey weathering limestone of
the overlying Grizzly Bear Formation. On the southwestern
limb of Margaret Syncline the Grizzly Bear Formation is
absent. There the Sapper Formation cannot be differentiated
from the overlying Funeral Formation; Funeral age beds are
therefore mapped as the Sapper Formation (Fig. 25).

Type section - section 51 - 62°42'N;128°25.6'W. The type
section (362 m thick) is located on the southwestern limb of
Sapper Anticline northeast of central Nahanni pluton (Fig.
26A,B). The name "Sapper” is derived from the Sapper
Ranges, over which the formation outcrops extensively.
Although exposed along a ridge most of the section is
scree-covered. The base of the formation is defined at a sharp
conformable contact with underlying grey weathering cherty
dolostone of the Haywire Formation. The basal 107 m
(limestone member) consists of blue-grey to grey weathering,
black, very fine to fine crystalline limestone in locally wavy
beds from 0.1-0.5 m thick. Minor orange weathering fine
crystalline limestone contains oval blue-grey weathering
limestone nodules up to 0.1 m in diameter. From 69 to 71 m

Figure 26. Sapper and Grizzly Bear formations. A. The
Grizzly Bear Formation (DaB) and type section of the Sapper
Formation (SDs) on the southwestern limb of Sapper Anticline
(sections 46, 51). View is toward the southwest. Section 51
follows the crest of the rounded ridge on the left side of photo,
and then follows the ridge crest of Grizzly Bear carbonate to
the right side of the photo. The contact of the Grizzly Bear
Formation with the underlying Sapper Formation is at"a". The
contact between the Grizzly Bear and Funeral (DF) formations
is at "b". GSC 204922-L. B. Close-up view of photo "A".
Arrows mark unconformable base and top of the Grizzly Bear
Formation (Das) with the Funeral (DF) and Sapper (SDs)
formations. GSC 204922-M. C. The Sapper Formation on
the southwestern limb of O’Grady Anticline. Section 36 is
along the ridge crest. "a" marks the contact between the
Sapper Formation (SDs) and the underlying dolostone of the
Haywire Formation (€SH). Points "b" mark the contact of the
lower limestone member (here about 94 m thick) with the
upper silty limestone member of the Sapper Formation. The
top of the Sapper Formation is to the left beyond the field of
view. GSC 204922-N.
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and 75 to 76 m are intervals of black graptolitic shale. The
contact with the overlying silty limestone member is defined
at a sharp change to black weathering, black, fine crystalline,
platy, argillaceous limestone. This upper member comprises
255 m of mostly buff-orange to tan weathering, grey-black,
laminated, argillaceous to silty limestone in thin beds.
Locally the limestone weathers pink. The uppermost part of
this member is of similar lithology but is resistant and blocky
weathering. Resistant outcrop forms ribs on the cliff face
beneath the overlying Grizzly Bear Formation. The
unconformable upper contact is defined at the change upward
to thin bedded, light grey weathering, commonly crinoidal
limestone of the Grizzly Bear Formation. The lowest Grizzly
Bear lithology is a breccia with scattered black lime-
mudstone clasts.

Other areas. On the southwestern limb of O’Grady Anticline
(section 36) the formation is about 243 m thick (Fig. 26C).
The lower limestone member, 94 m thick, comprises grey to
blue-grey weathering, black, fine crystalline limestone in thin
beds. The upper member, about 149 m thick, consists of
orange to tan weathering, thin-bedded, grey, black, and tan
silty limestone. The lower contact with dolostone of the
Haywire Formation is abrupt. In this area, the Sapper
Formation is directly overlain by the Funeral Formation. The
Grizzly Bear Formation, which in other areas separates the
two, is presumably removed by sub-Funeral erosion. The
Sapper/Funeral contact is defined at a subtle change from
silty to shaly limestone. A subtle change in weathering
colour from orange to bright orange also occurs at the contact.
Southeast of the measured section a pod of light-grey
weathering limestone of the Grizzly Bear(?) Formation (not
examined) occurs at about this stratigraphic level.

Northeast of Broken Skull Fault (section 35) lower and
upper members cannot be mapped separately. There the
Sapper Formation consists of 714 m of dark grey, in places
buff and pink weathering, thin- to thick-bedded, fine
crystalline limestone. The limestone appears to be much less
silty and argillaceous than at the type section. The base of
the formation rests sharply above orange to grey, thin- to
medium-bedded chert of the Haywire Formation. The upper
contact is defined at a sharp change upward to buff to orange
weathering, black, fine crystalline laminated limestone of the
Funeral Formation. The Grizzly Bear Formation, which
overlies the Sapper Formation at the type section, is not
developed here as a distinct mappable unit. Strata of Grizzly
Bear age are represented partly(?) as dark weathering
crinoidal limestone included within the upper Sapper
Formation. The crinoid ossicles with their twin axial canals,
are typical of those in the Grizzly Bear Formation.

East of O’Grady Batholith, both members of the Sapper
Formation are well developed. The lower limestone member,
at least 295 m thick (section 44), consists of grey weathering,
black, very fine crystalline limestone in thin, even beds that
commonly have rouge colouration on bedding planes. Black
to grey-brown chert forms up to 15 percent of the rock as thin
beds, and nodules to 0.15 m in diameter. The sharply
overlying silty limestone member consists of 322 m of
recessive, generally buff to tan weathering, platy, silty
limestone. Distinctive pink weathering silty limestone is
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common. This is overlain, in tum, by more than 80 m of dark
grey weathering, thin- to medium-bedded, resistant fine
crystalline limestone (dark limestone member). The base of
this uppermost member is defined beneath a 3 m thick
bioclastic limestone bed containing abundant crinoid ossicles
with twin axial canals. The upper contact of the Sapper
Formation in this area is not exposed.

North of O’Grady Batholith the Sapper Formation
consists of more than 505 m (section 47) of light grey to
buff-orange weathering, grey, very fine crystalline limestone.
The strata are thin to medium bedded, and locally wavy
bedded. These beds are overlain abruptly and uncon-
formably(?) by light bluish-grey siliceous shale of the Portrait
Lake Formation.

On Margaret Syncline (sections 37,49, 53) both members
of the Sapper Formation are recognized, although the lower
one is too thin to be mapped separately. The limestone
member sharply and conformably overlies the Haywire
Formation, and ranges up to about 24 m thick (section 49). It
consists of grey weathering, dark grey, fine to medium
crystalline limestone in thin beds. The overlying silty
limestone member comprises buff to light grey weathering,
laminated siltstone, calcareous siltstone, and silty limestone.
The Grizzly Bear-Sapper contact was only observed at one
locality (section 37), where it is sharp and unconformable.
There it is defined by the first appearance upward of light grey
weathering, grey crinoidal limestone containing crinoid
ossicles with twin axial canals. Along strike, where the
Grizzly Bear Formation is absent, the Sapper Formation and
the lithologically alike Funeral Formation could not be
mapped separately. There, Funeral age beds are included
within the Sapper Formation (Fig. 25).

Along South Nahanni Anticline thin, recessive intervals
of the Sapper Formation are preserved between underlying
Haywire Formation and overlying Grizzly Bear or Portrait
Lake formations. In this area the Sapper Formation reaches
amaximum thickness of about 159 m (section 41). The lower
limestone member (not separately mapped), up to 27 m thick,
consists of light grey to blue-grey weathering, black
limestone in thin beds. The overlying silty limestone member
comprises 132 m of black, brown, or tan, variably calcareous,
thin-bedded siltstone that weathers orange to mauve.

Environment, age, and correlation. The flat lamination, lack
of wave- or traction-produced structures, and position west
of a shallow carbonate shelf suggest a below wave base,
offshelf depositional environment for the Sapper Formation.
Abundant fossil collections including conodonts, graptolites,
and shelly fauna collectively range in age from Late
Ordovician (late Caradocian) to Middle Devonian (late
Eifelian). They demonstrate a large degree of diachronism
of members and of overlying and underlying formations
(Appendix 4). The base of the limestone member is locally
as old as late Caradoc (e.g. section 54) whereas elsewhere the
underlying Haywire Formation contains fossils that are of
Silurian age. The top of the limestone member contains
fossils as young as mid-Ludlovian (Late Silurian). However
along South Nahanni Anticline its youngest beds may be as




old as late Llandoverian (Early Silurian), and locally as old
as latest Ordovician (Appendix 4). On the southeastern limb
of Margaret Syncline, where the Grizzly Bear Formation is
not recognized, the Sapper Formation includes lithologically
similar beds of Funeral age and they may be as young as
Eifelian. East of Broken Skull Fault, the Sapper Formation
can be distinguished from the overlying Funeral
Formation, but in this area includes beds that are in part
Grizzly Bear equivalent, as young as Eifelian. In summary,
the Sapper Formation is 2 diachronous unit ircluding all of
the immediately offshelf silty limestone and siltstone facies
of Silurian and Devonian age. In some areas, distinctive
lithologies or weathering colour permit subdivisior: into
different formations, but in other areas these differences are
not apparent, and strata of wide age range constitute a single
mappable unit (Fig. 25).

The Sapper Formation is largely equivalent to strata
mapped in Flat River (95E) and Glacier Lake (951.) map areas
by Gabrielse et al. (1973) as Road River Formation, but may
also include parts of their map unit 34 and Funeral formations.
Judging from their descriptions, the general two-member
subdivision in these equivalent strata was not recognized. On
the west boundary of Glacier Lake (95L) map area, strata
assigned by Gabrielse et al. (1973) to the Road River
Formation also include strata recognized here as the Portrait
Lake Formation. The Sapper Formation is a useful and easily
delineated formation within Nahanni map area. Further work
will be required in adjacent areas before its full regional
extent is determined.

Grizzly Bear Formation (DGB). The Grizzly Bear Formation
(Gabrielse et al., 1973) is a resistant, light to dark grey
weathering, bioclastic limestone characterized by crinoid
ossicles with twin axial canals. It forms an excellent marker
in northeastern Nahanni map area that allows the separation
of buff weathering siltstone and silty limestone of the
overlying Funeral and underlying Sapper formations.

On the southwestern limb of Sapper Anticline, the Grizzly
Bear Formation is up to 200 m thick (sections 46, 51; Fig. 26).
There it comprises mostly grey to blue-grey weathering, dark
grey crinoidal limestone in even beds 3 to 10 cm thick. The
top and bottom 5 to 10 m of the formation are marked by
limestone breccia with subrounded grey limestone clasts up
to 0.2 m in diameter and abundant coralline and crinoid fossil
debris. The top contact is defined at a sharp, possibly
unconformable change upward to orange weathering,
blue-grey shaly limestone of the Funeral Formation. The
base of the Grizzly Bear Formation comprises a
lime-mudchip breccia that overlies buff-orange weathering,
laminated silty limestone of the Sapper Formation. About €.3
km to the northwest (section 60), the Grizzly Bear Formation
is only 60 m thick. There it comprises grey weathering,
thick-bedded to massive bioclastic limestone. Fossil debris
includes corals, pelecypods, and brachiopods, but is
characterized by abundant crinoid ossicles with twin axial
canals. The upper contact with the overlying Funeral
Formation is abrupt and possibly unconformable, as is the
basal contact with the underlying Sapper Formation. On the

northern limb of the Sapper Anticline, Grizzly Bear
lithologies are as above. There the thickness of the formation
varies from a few metres to at least several tens of metres.

On the southeastern end of O’Grady Anticline the Grizzly
Bear Formation is only locally preserved between the Sapper
and Funeral formations. At one locality the Funeral
Formation apparently directly overlies the Haywire
Formation. Isolated float of two-hole crinoidal limestone
typical of the Grizzly Bear Formation is found along the
contact. It is suspected that an unconformity at the base of
the Grizzly Bear Formation has removed the Sapper
Formation, and that an unconformity at the base of the
overlying Funeral Formation has all but removed the Grizzly
Bear Formation.

Along Margaret Syncline the Grizzly Bear Formation is
exposed only at the southeastern end but is too thin to be
mapped separately. There (section 37) the formation is 40 m
thick and consists of the following: 2 m of light grey
weathering, grey crinoidal limestone; about 7 m of black
weathering, black crinoidal limestone; 6 m of thin-bedded
tan-grey weathering platy limestone and laminated
limestone; and 25 m of white weathering, black, fine
crystalline thin-bedded limestone. The crinoidal limestone is
characterized by crinoid ossicles with twin axial canals. The
contact with overlying orange weathering, grey, thin-bedded
limestone of the Funeral Formatior: is abrupt, and probably
unconformable. The contact with the underlying Sapper
Formation is also sharp and unconformable. Along most of
the poorly exposed northeastern limb of the syncline, the
Grizzly Bear Formation does not outcrop and the contact of
Sapper and Funeral formations is extrapolated. Along the
southwestern limb of the anticline the Grizzly Bear
Formation is not present and the Sapper and Funeral
formations cannot be separated. Those beds that would
normally be assigned to the Funeral Formation are included
in the Sapper Formation.

On the southwestern limb of South Nahanni Anticline the
Grizzly Bear Formation is up to 150 m thick. Lithologies
include grey-white weathering, dark grey, thin-bedded to
massive crinoidal limestone, and local thick stromatoporoid
and coralline limestone. The stromatoporoids and corals are
preserved in growth position. Along South Nahanni Anticline
the Grizzly Bear Formation is unconformity bounded. Itrests
above a generally thin Sapper Formation, and locally on the
Haywire Formation. It is overlain by the Portrait Lake or
Prevost formations. The Funeral Formation typically found
above the Grizzly Bear Formation elsewhere, is absent.

The Grizzly Bear Formation occurs on the southwestern
side of South Nahanni River where it comprises crinoidal
limestone a few tens of metres thick. It is unconformably
bounded by Cambro-Ordovician limestone of the Rabbitkettle
Formation below and by siliceous shale of the Portrait Lake
Formation above.

Environment, age, and correlation. The lithology, ubiquitous
fossils, and position west of correlative shallow water
dolostone suggest deposition in an open marine setting,
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perhaps along shoal(s) developed in the offshelf area
immediately to the west of the main carbonate platform. The
Grizzly Bear Formation in the Nahanni area is well dated by
conodonts, its age ranging from Zlichovian (gronbergi Zone
- late Early Devonian) to mid-Eifelian (qustralis Zone - early
Middle Devonian) (Appendix 4). At two localities (sections
37, 51) where detailed faunal control is established across the
base of the formation, an unconformity is demonstrated by
missing conodont zones (dehiscens, and in section 37 the
gronbergi and inversus zones as well). The base of the
formation is also diachronous, ranging in age through these
same three conodont zones. Apparently, at some localities
Grizzly Bear lithologies were being deposited during a time
not represented at other places. An unconformity is
suspected beneath the sharply overlying Funeral Formation,
although this has not been proven through fossils (see Funeral
Formation). East of Broken Skull Fault the Grizzly Bear
Formation is not developed as a mappable unit. Equivalent
crinoidal limestone (crinoid ossicles with twin axial canals)
is found within the upper Sapper Formation.

The Grizzly Bear Formation in its type area in Glacier
Lake (951) map area (Gabrielse et al. (1973)), ranges from O
to about 260 m thick. It comprises light grey weather-
ing cliff-forming massive limestone, commonly crinoidal,
and locally dolostone. It underlies the Funeral Formation,
and overlies undivided Devonian dolostone. The Grizzly
Bear Formation is also recognized in northeastern Niddery
Lake (1050) map area by Cecile (1981) as a cliff-forming,
white-grey limestone characterized by crinoid ossicles with
twin axial canals. In Sekwi Mountain (105P) map area, unit
22d of Blusson (1971) has lithologies typical of the Grizzly
Bear Formation. Detailed faunal control of the Grizzly Bear
Formation in Nahanni map area (Fig. 27) allows correlation
with the upper part of the Sombre, Amica, and most of the
Natla formations to the east. To the west, near the head of
Don Creek, rare crinoidal limestone in the basal Portrait Lake
Formation is correlative. Elsewhere in the far offshelf area
of Selwyn Basin, fossil control is poor. Correlative strata
comprise siliceous shale and chert of the Portrait Lake
Formation.

Figure 27. Correlation of Siluro-Devonian offshelf and shelf
strata indicated by detailed conodont zonation. Conodont
localities used as control for placement of zone boundaries
are indicated by black dots. Arrows indicate that a collection
could belong to a zone either younger {arrow pointing up) or
older (arrow pointing down) than that in which it has been
tentatively placed. Crosses refer to graptolite collections that
have been used to locate system boundaries. All fossil
collections, except those numbered (357,189), are from the
measured sections indicated. The probable stratigraphic
position of zones not represented by fossil collections is
interpolated; for example, zones 2 to 5 are not represented by
collections in column B. Grizzly Bear equivalents are
represented in the Sapper Formation in column B (where the
Grizzly Bear cannot be separately distinguished). In column
C, the Grizzly Bear is equivalent to parts of the Sombre,
Arnica, and Natla formations.

Funeral Formation (DF). The Funeral Formation (Douglas
and Norris, 1961; Gabrielse et al.,, 1973) is an orange
weathering succession of thin-bedded limestone and shaly
imestone. The most complete and best exposed sections
occur east of Broken Skull Fault, along Sapper Anticline, and
east of O’Grady Batholith. The formation is overlain by grey
weathering limestone of the Nahanni Formation or by
gun-blue to white weathering siliceous shale of the Portrait
Lake Formation. Grey weathering crinoidal limestone of the
Grizzly Bear Formation underlies the Funeral Formation in
most places. Locally, the Grizzly Bear Formation is absent
and the Funeral Formation rests directly on the Sapper
Formation.

East of Broken Skull Fault the Funeral Formation is about
747 m thick (section 35). It consists of orange weathering,
dark grey to black, fine crystalline, silty to argillaceous
limestone in thin to thick beds. The contact with the
underlying Sapper Formation is conformable(?) and defined
at an abrupt upward change in weathering colour from dark
grey to buff-orange. Orange-grey weathering argillaceous
limestone forms the topmost beds of the Funeral Formation.
These contrast with conformably overlying grey weathering
limestone of the Nahanni Formation. Both the topmost
Funeral and basal Nahanni formations are medium to thick
bedded.

Along the southwestern limb of Sapper Anticline, Funeral
strata are much like those described above, but are more
argillaceous and less calcareous. The thickness of the
formation is estimated at 350 m. The Funeral Formation is
abruptly and unconformably overlain by gun-blue to white
weathering shale of the Portrait Lake Formation, and sharply
underlain, probably unconformably, by grey weathering
limestone of the Grizzly Bear Formation (Fig. 28).

Figure 28. Orange weathering limestone of the Funeral
Farmation (DF) on the southwestern limb of Sapper Anticline,
near section 51. View is toward the northwest. The Funeral
Formation is unconformably underlain by grey weathering
limestone of the Grizzly Bear Formation (DGB) {(contact at "a"),
and unconformably overlain by gun-blue to white weathering,
siliceous siltstone and shale of the Portrait Lake Formation
(Dp) (contact at "b"). GSC 204922-0O.
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Northeast of Sapper Anticline and southwest of Broken
Skull Fault, the Funeral Formation overlies the Haywire
Formation. Float of Grizzly Bear crinoidal limestone occurs
along the scree-covered contact. The absence of the Sapper
and Grizzly Bear formations may result from a combination
of sub-Grizzly Bear and sub-Funeral erosion (see Grizzly
Bear Formation).

In Margaret Syncline the Funeral Formation consists of
orange weathering, grey, fine crystalline, thin-bedded
limestone. The basal contact is well delineated at the
southeastern end of the syncline (section 37) where Grizzly
Bear limestone, too thin to be separately mapped, underlies
it. On the northeastern limb of the syncline the contact is
extrapolated through a poorly exposed area.

Environment, age, and correlation. The lack of current- or
wave-produced sedimentary structures, scarcity of fossils,
and lateral stratigraphic relations suggest deposition below
wave base in an open marine offshelf setting. Relative to its
shelf equivalent to the northeast, the richly fossiliferous
Headless Formation, the Funeral Formation is poorly
fossiliferous, argillaceous, and silty. Fossil ages for the
Funeral Formation range widely through the Middle
Devonian, but data from the underlying Sapper and Grizzly
Bear formations, and overlying Nahanni Formation, bracket
its age as mid-Eifelian (C. costatus to australis conodont
zones) (Appendix 4). An unconformity at the base of the
Funeral Formation is strongly suspected because of the sharp
lithological change at the contact, and rapid thickness
changes and local absence of the underlying Grizzly Bear
Formation. Unfortunately, proof from detailed faunal control
is lacking.

The Funeral Formation correlates with the Funeral
Formation as mapped by Gabrielse et al. (1973) in Glacier
Lake (95L) map area, which in turn is largely equivalent to
the Headless Formation, a carbonate unit widespread in

Mackenzie Mountains. The Funeral Formation may also
contain beds time equivalent to the Landry Formation, a shelf
limestone underlying the Headless Formation (see sections
on Headless and Landry formations). In Sekwi Mountain
(105P) map area, Funeral-like strata are included by Blusson
(1971) in the Headless Formation. In the far offsheif facies
of Selwyn Basin to the southwest, strata of Funeral age, if
present, comprise siliceous shale and chert within the Portrait
Lake Formation.

Natla Formation (DNA). The Natla Formation (Gabrielse et
al., 1973) is arecessive succession of black, sooty weathering
limestone exposed on Black Wolf Syncline. It overlies more
resistant Arnica dolostone and is overlain by resistant, grey
to grey-brown weathering limestone of the Landry
Formation, or thin-bedded brown weathering limestone of the
Headless Formation.

On the northeastern limb of the syncline the Natla
Formation is 464 m thick (section 56) (Fig. 29) and consists
mostly of argillaceous, thin-bedded microcrystalline
limestone and minor, poorly fissile calcareous shale.
Interbedded dark grey chert makes up to 2 percent of the basal
80 m. Tentaculitids, rugose and tabulate corals, brachiopods,
trilobites, and echinoderm debris are common. Crinoid
ossicles with twin axial canals are characteristic of the
echinoderm debris. The basal 10 m of the formation consists
of platy, argillaceous dolostone, dolomitic shale, and bedded
chert, which rest conformably above resistant thickly bedded
Arnica dolostone. The contact with the Landry Formation is
conformable and defined at the base of overlying light grey
weathering resistant limestone. Toward the southeast the
Landry Formation pinches out (see Landry Formation) and
the Natla Formation is overlain directly by the Headless
Formation. The upper contact of the Natla Formation is then
placed at the upward change to slightly more resistant
nonsooty, orange-brown weathering limestone.

Figure 29. The Natla and adjacent formations on the northeastern limb of Black Wolf Syncline. View
is to the south toward section 36. "a" marks the top of the middle dark weathering dolostone member
of the Sombre Formation (Ds). "b"” marks the top of the Sombre Formation atop the highest white
weathering dolostone bed. "c" marks the top of the Arnica Formation (DA). "d" indicates the top of
the Natla Formation (Dna) and base of the resistant Landry Formation (D). Unlabelled arrow points
to ridge in background underlain by Headless Formation (DH). GSC 204922-P.



On the southwestern limb of Black Wolf Syncline (section
55) the Natla Formation consists of 327 m of dark grey
weathering, platy, very fine crystalline limestone in thin beds.
The rock is commonly bioclastic and crinoid ossicles with
twin axial canals are characteristic. The Natla Formation
sharply and conformably overlies mixed dolostone and
limestone of the Sombre Formation and is overlain by
medium-bedded, dark grey, fine crystalline limestone
assigned to the Landry Formation.

Environment, age, and correlation. The abundant fossils in
the Natla Formation attest to deposition in open marine
waters. Depositional slump structures (section 56) may
indicate a slope environment. On the basis of contained and
bracketing conodont faunas the formation ranges in age from
the late Emsian to early Eifelian (serotinus to C. costatus
conodont zones) (Appendix 4).

The Natla Formation is mapped by Gabrielse et al. (1973)
in southwestern Glacier Lake (95L) map area. There, as in
Nahanni map area, it represents the offshelf correlative of
shallow water restricted marine dolostone of the Arnica and
Sombre formations. To the southwest in Nahanni map area
it correlates in part to the Grizzly Bear Formation, and to the
Sapper Formation (Fig. 27).

Southwestern belt - offshelf facies of Selwyn Basin

Strata southwest of South Nahanni River consist predom-
inantly of sandstone, shale, chert, and limestone deposited
southwest of Mackenzie Platform within relatively deeper water
of Selwyn Basin. The oldest strata form the Hyland Group
which includes two formations. A lower thick coarse clastic
turbidite succession capped by a thin limestone member makes
up the Yusezyu Formation. This is overlain by maroon to dark
grey shale of the Narchilla Formation. The overlying Lower to
Middle(?) Cambrian Gull Lake Formation consists of rusty to
buff weathering slate, and minor quartz sandstone. An
archaeocyathid-bearing limestone conglomerate occurs locally
at its base. Cambro- Ordovician limestone of the Rabbitkettle
Formation rests unconformably above both the Gull Lake and
Narchilla formations. The Rabbitkettle Formation, in turn, rests
beneath the Road River Group. Ordovician and Silurian black
graptolitic shale and chert of the Duo Lake Formation forms the
lower part of this group. Its upper part consists of Upper Silurian
dolomitic mudstone of the Steel Formation. Lying above the
Steel Formation is the Portrait Lake Formation of the Eamn
Group, the basal strata of which consist of Lower to Middle
Devonian black shale and chert. The upper part of the formation
contains clastics of the turbidite basin assemblage, so that this
formation is described under that heading (see Assemblage II).

Precambrian to Lower Cambrian
Hyland Group, (new)

The name Hyland Group is proposed for gritty, quartzose
clastic rocks (Yusezyu Formation) and overlying maroon to
dark grey shales (Narchilla Formation). The name "Hyland"
is derived from the Hyland River which has its headwaters in

southern Nahanni map area. The term Hyland Group is
intended to replace the informal name "Grit Unit", which has
been applied in many places in the Yukon to undivided late
Precambrian rocks characterized by gritty quartzose clastics,
commonly with maroon shale in their upper part (Gabrielse,
1967; Green, 1972; Gabrielse et al., 1973). The base of the
group is not exposed, and as defined here, the top is overlain
sharply and conformably by shale of the Lower Cambrian
Gull Lake Formation.

Yusezyu Formation (BY) (new). The Yusezyu Formation,
constituting the oldest strata known within the Selwyn Basin
region, is a thick succession of grey-brown weathering, gritty
quartz sandstone and evenly interbedded shale. It is well
exposed in the southern part of the map area. The proportion
of coarse to fine clastics varies from place to place, but at least
50 percent of any given section may be fine to coarse grained
sandstone. Quartz is the predominant constituent, and many
of the coarse grains are opalescent blue. Limestone is a minor
lithology, forming a thin discontinuous member at the top of
the formation. The Yusezyu Formation is overlain sharply
and conformably by maroon or dark grey shale of the
Narchilla Formation.

Type section - section 2 - 62°7.9N;129°11.3'W.
Unfortunately, there is no locality that displays both the upper
contact of the formation and a significant thickness of
Yusezyu strata. Therefore, a type section that portrays the
thickest, best exposed section of representative lithologies
and a separate reference section for the top contact of the
formation are described separately. In stratigraphic position
the top of the type section is estimated to lie 1500 m below
the top of the formation. The base of the type section is
estimated to lie about 500 m above the oldest exposed
Yusezyu strata in the map area.

The type section is located 25 km east-southeast of Mount
Pike, and about 13 km north of the west-flowing headwaters
of the Yusezyu (pronounced yoo’says’yoo) River, after
which the formation is named. The basal 273 m consist of
white weathering, grey, locally gritty massive quartz
sandstone. Sandstone beds are commonly graded, and rarely
their upper parts are parallel laminated. Beds range from 0.5
to 1.5 m thick and are stacked without intervening slate to
form "sandstone-only"” members up to 30 m thick. Intervals
of pale green slate up to 5 m thick separate adjacent coarse
clastic units. Grey weathering, black, fine crystalline, thin(?)
- bedded limestone occurs from 273 to 330 m. In its middle
partare 14 m of grey, very coarse grained, locally gritty quartz
sandstone. Orange weathering laminated blue-grey slate
composes the overlying interval from 330 to 361 m. The
coarsest clastics in the section occur at 361 to 600 m. In this
interval three coarse members from 37 to over 100 m thick
are recognized. Two members of brown-green to rusty
blue-grey weathering slate less than 30 m thick separate the
three coarse members. The coarse clastics are composed of
grey-white weathering, grey, coarse to very coarse grained
quartz sandstone and minor quartz-pebble conglomerate;
outsize shale clasts are common. The rocks are typically
massive, but locally show a 2 to 3 m thick bedding-parallel
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parting. At least 7 m of erosional relief is demonstrated
below the middle coarse member. The upper part of the
section from 660 to 1140 m comprises light green to rusty
blue-grey weathering, pale green to blue-green slate.
Scattered beds and thick-bedded members up to 30 m thick
of fine to coarse grained, locally gritty quartz sandstone occur
within the slate. Orange weathering, blue-black argillaceous
to silty limestone forms tne interval from 1038 to 1089 m.
The highes: beds in the section, from 1089 to 1140 m, are
medium- to thick-bedded quartz sandstone with rare
interbeds of pale green slate.

Reference section for top of formation. The upper contact of
the Yusezyu Formation is well exposed 6 km north-northwest
of Mount Pike (section 6 - 62°15.5'N;129°40.2'W), about 29
km northwest of the type section. Upward from the base of
measurement the Yusezyu Formation consists of § m of
grey-green laminated shale, 27 m of grey weathering, grey,
medium grained sandstone with a 1 to 2 m thick parting, 60
m of paie to dark green weathering shale and siltstone, with
minor sandstone, and 12 m of blue-grey to white weathering,
dark grey to black, very fine crystalline limestone in beds 1.0
to 1.5 m thick. The limestone is designated the limestone
member of the Yusezyu Formation. The basal contact of the
limestone member against the siltstone is sharp. The upper
contact with the overlying Narchilla Formation is defined at
the top of the highest limestone bed. In a2 m interval beneath
the top of this bed, limestone and shale interfinger in beds

Figure 30. Sedimentary features of the Yusezyu Formation.
A. Contact of resistant Yusezyu (2v) (below) and recessive
Narchilla (B€N) (above) formations marked by arrows. The
white weathering discontinuous band beiow the arrows is the
limestone member of the Yusezyu Formation. The view looks
to the west toward a ridge 6 km east-southeast of Gull Lake.
GSC 204922-Q. B. Coarse sandstone. This commonly
occurs in thick units of thick even beds, without interbedded
shale. Bedding surfaces are planar. Packsack for scale near
right edge of photo. GSC 204922-R. C. Fine sandstone. This
commonly occurs in thin, even, laterally continuous beds
interbedded with slate. Beds on left of photo are thicker and
coarser grained. GSC 204922-S. D. Large, randomly
oriented shale rip-up clasts within massive, very coarse
grained sandstone. GSC 204922-T. E. Grain size variation
within part of a thick unit of gritty sandstone. Exceptional
exposure shows it to be amalgamated, i.e. formed of several
beds, each on the order of 1 m thick. Channel scour, and fill
by very coarse sandstone which grades upward to medium
sandstone is seen left of top of Jacob's staff (1.5 m long). GSC
204922-U. F. Exhumed bedding plane showing
well-developed ripple marks. Knife for scale near centre of
photo. GSC 204922-V. G. Photomicrograph (plane light) of
Yusezyu sandstone. Rock is composed of monocrystalline
and polycrystalline quartz, minor feldspar (f), and traces of
detrital muscovite (none in this view) and tourmaline (t) in a
matrix of fine grained quartz and opaques. Derivation was
ultimately from a plutonic-metamorphic terrane. However, the
generally low amounts of feldspzr, lack of mafic minerals, and
excellent rounding of some quartz suggest second cycle
derivation and that the immediate source rock was
sedimentary. See also Figure H GSC 1993-002T H. Crossed
nichols view of G. GSC 1993-002Q

about 0.3 m thick. In this zone the limestone is white
weathering, and light to dark grey on fresh surface. The
interbedded shale is pale green on weathered and fresh
surfaces. The highest limestone bed is overlain by maroon
weathering shale (Narchilla Formation). The maroon shale
is punctuated by pale green shale interbeds 1 to 3 cm thick,
spaced every 5 to 10 cm.

Other areas - summary of sedimentary features. Several other
sections within the Yusezyu Formation were measured
(sections 1 to 7) and all are essentially similar. The Yusezyu
Formation is a thick sequence (3000 m) dominated by coarse
grained clastic rocks with lesser interbedded shale and minor
limestone (Fig. 30). Beds are even and continuous, and
sandstone-shale bedding contacts are sharp and planar. Sole
markings, including grooves and load casts, are rare. Many
beds show normal size grading. Outsized shale clasts, some
to a few tens of centimetres in diameter, are common and
usually occur along discreet horizons near the bases of beds.
Most coarse sandstone beds are massive or graded. Rarely
the tops of beds are planar laminated, and locally ripple
cross-laminated. Large scale cross-bedding is absent. Some
thin fine grained sandstone beds show climbing ripple
lamination, and locally exhumed bedding planes show
well-developed ripple marks. Amalgamation of sandstone
beds into shale-free units up to 100 m thick is common;
quartz- pebble conglomerate is restricted to these intervals.
In many places these units are massive, the only discernible
structure being a 1 to 2 m thick parting. Scour of several
metres into underlying shale is also locally seen at their base.
Concentrated near the top of the formation are members to
50 m thick of medium to coarse grained sandstone, in
massive, even, medium to thick beds. This sandstone
contains little interbeded shale and virtually no other
associated sedimentary structures. The uppermost Yusezyu
Formation is variably calcareous. In many places there are
abrupt and irregular changes from carbonate to silica cement.
The limestone member at the top of the Yusezyu Formation
consists of fine crystalline light to dark grey limestone that
varies from O m to as much as 15 m thick (section 7). Where
this member is absent uppermost Yusezyu sandstone is
highly calcareous, and is in sharp contact with overlying shale
of the Narchilla Formation.

Petrography of sandstones. About 40 thin sections of
sandstone selected at random from the Yusezyu Formation
were examined. A synopsis of the results is presented in
Figure 31. Because of coarse grain size and/or extensive
replacement by carbonate, half of these thin sections were not
suitable for point counting.

The sandstones consist predominantly of quartz, usually
less than 8 percent feldspar, and only traces of lithic (shale or
siltstone) fragments. Quartz consists of both monocrystalline
and polycrystalline types, the latter usually forming less than
20 percent of the quartz present. Subgrains have serrate to
locally 120° equilibrium boundaries. Undulose extinction is
common and deformation lamellae are locally developed.
There is a minor amount of quartz cement overgrowth. In
hand specimen coarse grains of quartz are commonly
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opalescent blue. Plagioclase feldspar consists of fresh,
albite-twinned grains that are generally of smaller grain size
than quartz. Potassium feldspar occurs as both large and
small grains subequal in abundance to plagioclase.
Plaid-twinned microcline and untwinned orthoclase are both
found. Minor perthite was also seen. Muscovite occurs as
rare detrital grains. Anhedral small grains of zircon and
tourmaline occur in trace amounts. Carbonate is common in
large patches that partly replaces matrix and framework. It
also occurs as fracture fillings. In one sample detrital
carbonate as recrystallized oolites was discovered, hinting
that some of the carbonate thought diagenetic in other
samples, could be of detrital origin. The matrix of Yusezyu
sandstones commonly forms from 15 to 25 percent of the
rock. It consists of fine grained felsic minerals and sericite.
The sericite commonly forms films around grain boundaries
and beards mantling some grains.

Texturally, the sandstones are moderate to well sorted.
Grains are subangular to subrounded and have a high
sphericity. Lithification and compaction has produced a low
level of grain interpenetration, deformation, and suturing,
except for commonly squashed or bent detrital muscovite.

A granitic and perhaps high grade metamorphic terrane
seems to have been the ultimate source of Yusezyu clastics,
contributing the quartz, feldspar, tourmaline, and zircon. The
muscovite and locally pebble-size quartz may be derived
from metamorphic rocks and vein quartz respectively. The
commonly low proportion of feldspar, excellent rounding of
some quartz, complete lack of mafic minerals, and lack of
granitic pebbles suggest the sands have been reworked.
However, the thickness and interpreted depositional
environment {below) suggest rapid sedimentation and little
reworking. Yusezyu sandstones are therefore probably not
first cycle sediments. Their immediate source may have been
a sedimentary terrane.

Narchilla Formation (P€N)(new). The Narchilla Formation
outcrops extensively in the southwestern part of the map area
where it comprises several hundred metres of recessive,
maroon to dark blue-grey weathering shale. It rests above
grey-brown weathering, coarse clastics and limestone of the
Yusezyu Formation and underlies buff-brown weathering
shale of the Gull Lake Formation. Along Fork Anticline and
parts of Steel Syncline there is a thick member of fine grained
quartzose sandstone in the middle part of the formation.

Type section - section 7 - 62°15.7°N;129°13.2°W. The type
section is located 11 km southeast of Summit Lake on the
northeastern limb of Steel Syncline. The formation is named
after Narchilla Brook, the headwaters of which cross the
formation about 30 km southwest of the type section. The
type section is the only locality known to the author in which
the entire thickness of the formation is represented.
However, exposure is mostly scree, slaty cleavage is
pervasive, and structural complication is likely. Measured
thicknesses are considered a maximum.

The type section can be divided into three members
totalling 828 m in thickness. The basal contact with the
underlying limestone member of the Yusezyu Formation is
not exposed but is abrupt in scree and presumed conformable.
The lowermost member consists of 341 m of dark blue-grey
weathering, dark blue-grey slate and pale green weathering,
pale green slate. Aside from the basal 161 m which is of the
green variety, these lithologies typically alternate in units
several tens of metres thick. The pale green slate is laminated
to thinly banded in dark to light green. The dark slate
commonly contains laminae and beds (to 5 cm) of light
blue-grey or pale green slate. Overlying the basal member is
a middle member of 71 m of orange-grey weathering, grey,
fine grained quartz sandstone and siltstone in thin to thick
beds. This is overlain by the upper member that consists of
416 m of mostly blue-grey weathering, dark blue-grey slate.
Lamination and thin beds of green slate are rare. Minor
quartzose sandstone occurs in the central portion of the
member. The upper 75 m comprises pale apple green
weathering, apple green slate which upward becomes tan to
buff weathering. The top of the formation is defined at the
conformable(?) base of 1.5 m of limestone conglomerate
float. The conglomerate and overlying tan-buff weathering
blue-grey slate compose the Gull Lake Formation.

Sandstone member. At the type section and in the core of
Fork Anticline, orange-buff weathering, fine grained quartz
sandstone and pale green slate can be mapped as a separate
member within the Narchilla. Where best developed on Fork
Anticline this member is about 500(?) m thick and
interfingers with overlying and underlying purple to maroon
slate. It consists of about 90 percent pale green to pale brown
slate and 10 percent white to pale green, very fine grained
quartzarenite. The sandstone is not distributed uniformly
throughout the member but occurs in sandstone-rich
intervals. Sandstone beds average about 0.3 m thick but
range from a few centimetres to a metre in thickness.
Interbeds of slate are of similar thickness, but locally,
sandstone beds are so abundant that the slate is reduced to
thin partings between them. Most sandstone beds are
massive, have sharp bottom and top contacts, and are planar.
Normal size grading, parallel lamination in the bottom
portions of beds, or ripple cross-lamination in the upper
portions of beds are visible at some localities. Flute and
groove casts are well developed at one outcrop (Fig. 32), and
are rarely seen in float elsewhere.

As revealed in thin section, the sandstones consist of
quartz, a few percent feldspar, rare detrital muscovite and
chlorite, and traces of tourmaline, zircon, and opaque
material. The detrital chlorite is composed of thin even
patches of anomalous blue (crossed nichols) chlorite
alternating with higher birefringent white mica. The feldspar
consists of fresh to slightly altered albite-twinned plagio-
clase, rare plaid-twinned microcline and perthite. Quartz
grain boundaries are sutured, reflecting a high degree of
compaction and interpenetration of grains, as well as re-
crystallization of original matrix or cement. Grains are now
equant, and their original sorting and roundness are obscured.
Sericite is common as films and beards around grain boundaries.



Other areas. To the southeast along Summit Syncline and
southwest of March Fault, the formation retains the colours
typical of the type section. However, across Steel Creek
to the southwest and northwest, the equivalent strati-
graphic interval is maroon weathering. Although the
colour contrast with the type section is marked, the
lithologies are the same. Unfortunately, no section of
maroon coloured strata is complete enough to be
designated a reference section. However, this lithology
may be examined at these localities: the top of section 6;

the northwestern end of Fork Anticline; and the ridge 6 km
southeast of Gull Lake. In these places the dominant rock
type is maroon weathering slate that has thin laminations,
beds, and locally thick intervals of pale green slate (Fig. 33).
The green colouration typically parallels bedding but it also
follows fractures and locally forms reduction spots. Thin
bedsofsandstoneare invariably greencoloured. Along Fork
Anticline northwest of Steel Creek the colour change from
dark blue-grey through purple to lighter coloured maroon
occurs through adistance of about 10km.
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Figure 31. Composition of Yusezyu Formation sandstones (n=20) based on thin section point counts (500
points per section) of randomly selected specimens. The sandstones comprise arkosic wacke and quartz
wacke (Pettijohn et al., 1973); the field of composition is shownin (A). An enlargement of this compositional
field is shown in (C). No samples plot in the arenite field (B). Feldspar reaches a maximum of 15 percent,
and is usually less than 8 percent of framework grains. Lithic fragments are rare and mafic minerals are
absent. Tourmaline and zircon are found in frace amounts. The matrix of fine grained felsic minerals (which
may include some silica cement) commonly amounts to 15 to 25 percent.
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The Narchilla Formation conformably overlies the
Yusezyu Formation (at section 6 basal beds are interbedded
with underlying Yusezyu limestone). It is in sharp and
presumably conformable contact with overlying buff slate or
limestone conglomerate of the Gull Lake Formation.

Environment, age, and correlation of Hyland Group strata.
Sedimentary fabrics of the Yusezyu Formation suggest
deposition of the coarser clastics as sediment gravity flows.
Middleton and Hampton (1973) recognized that coarse
sediment may be supported during transport by any
combination or proportion of four end member mechanisms
including turbulence (turbidity flows), upward movement of
pore fluids (fluidized flows), dispersive pressure (grain
flows), and matrix strength (debris flows). Turbidity flows
appear to give rise to the idealized Bouma sequence of
sedimentary structures in which a single bed deposited from
a passing turbidity current may have any combination of the
following divisions (but always in vertical succession) that
reflect waning-upward flow conditions: massive, or graded
division (A); plane parallel laminated division (B); rippled
division (C); upper parallel laminated division (D); and
interturbidite division (usually pelite) (E). Using letters
corresponding to these divisions, the most common
sequences of divisions making up coarse grained beds are
AE, ABE, and ABCE. Amalgamated or stacked, coarse,
massive, sandy beds, which do not show Bouma divisions,
are also common and may have arisen from grain flow,
fluidized flow, or debris flow. One depositional model for
sediment gravity flows is the submarine fan (Fig. 34), in
which a point source clastic discharge onto a slope produces
a fan-shaped accumulation in which coarse thick-bedded
channelized deposits (proximal) grade outward to fine
grained thin-bedded distal deposits (classical turbidites)
(Walker, 1979). Judging by the proportion of coarse clastics,
amalgamation of sandstones to form thick shale-free
intervals, and evidence of scour beneath some coarse clastic

members, much of the Yusezyu Formation was deposited in
upper or mid-fan channels. However, the size, shape,
sediment source, and water depth of the fan(s) are unknown.
Paleocurrent data (Fig. 35) are meagre, but Bouma division
(C) ripple cross-laminae suggest dominantly southeasterly
paleoflow. The orientation of groove marks is consistent
with this direction. Asymmetrical ripple marks suggest
southwest paleoflow but it is unknown if these are
depositional current directions or represent postdepositional
reworking by bottom currents. Yusezyu clastics could
represent sediments rapidly deposited in water of shallow to
moderate depth setting fed by rapid discharge of
debris-choked braided streams. The submarine fan
depositional model predicts rapid lateral facies changes. The
coarse clastics, typical of Nahanni map area, could undergo
rapid fining toward other regions. The limestone member of
the upper Yusezyu Formation is lenticular; it may have been
deposited in relatively shallow(?) water.

The Narchilla Formation was deposited below wave base
in relatively deep water. The sedimentary structures in the
sandstone member are consistent with deposition from
sediment gravity flows, probably mostly turbidites (see above
discussion on turbidites). The similarity in composition of
Yusezyu and Narchilla sands suggests a similar source
terrane.  Reasons for the striking maroon colour of the
Nachilla Formation as well as the abrupt lateral colour change
within it from maroon to dark blue-grey are uncertain.

The upper part of the Yusezyu Formation is of latest
Precambrian age based on primitive trace fossils reported on
by Fritz et al. (1983) from beneath the limestone member.
The age of the lower part of the formation is not known, but
the sediments were likely deposited rapidly, and hence may
not be much older. The age of the overlying Narchilla
Formation is late Precambrian to Early Cambrian. Overlying
limestone conglomerate of the Gull Lake Formation contains
Early Cambrian archaeocyathids as clasts. Fritz et al. (1983)

)

Figure 32. Flute casts on base of near vertical bed of
sandstone of the sandstone member of the Narchilla
Formation. Two casts are indicated by dotted lines, others are
well developed near rock hammer on left side of photo. View
of outcrop is looking to the southwest. Flutes indicate
west-to-east paleoflow. Whether this paleoflow is regionally
representative is uncertain. GSC 204922-W.
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Figure 33. Laminated dark grey to maroon (dark bands) and
light green (light bands) slate typical of the Narchilla
Formation. Slaty cleavage dips about 35 to the right. GSC
204922-X.



reported trace fossils from the lower 20 m of the Narchilla
Formation (7 km southeast of Gull Lake) that they tentatively
place in the late Precambrian. Near the headwaters of Hess
River in Niddery Lake (1050) map area, lithologically
similar maroon shale contains the Early Cambrian trace fossil
Oldhamia Radiata in its upper part (Hofmann and Cecile,
1981). Gritty lithologies of the Hyland Group have been
correlated historically with similar lithologies characteristic
of the Precambrian Windermere Supergroup (e.g. Eisbacher,
1981). Evidence in Nahanni map area indicates a definitely
younger Eocambrian age for these gritty lithologies in
Selwyn Basin.

Strata known informally as the "Grit Unit" are equivalent
to the Hyland Group and outcrop widely over the Selwyn Basin
region where they form the oldest exposed strata (Fig. 36). In
many areas, although not subdivided, they are characterized
by gritty quartzose clastics with maroon shale in their upper

part. Hyland Group (i.e. "Grit Unit") strata have been
described from Flat River (95E) (Gabrielse et al., 1973), and
Dawson, Larsen Creek, and Nash Creek (116A, B; 106D)
(Green, 1972, p. 20) map areas. In the latter areas, the
succession is remarkably like that in Nahanni map area,
consisting of gritty quartzose clastics capped by a light grey
to white weathering limestone member (Yusezyu
equivalent), and overlain by maroon shale (Narchilla
equivalent) (Thompson and Roots, 1982, p. 409). Largely
undivided Hyland Group clastics are also widespread in
Sheldon Lake (105J) (unit 1, Roddick and Green, 1961a), Tay
River (105K) (unit 1, Roddick and Green, 1961b), Frances
Lake (105H) (unit 1, Blusson, 1966), Bonnet Plume Lake
(106B), Nadaleen River (106C), Niddery Lake (1050),
Lansing (105N) (unit Hs, Blusson, 1974), Mayo (105M)
(units 1 to 9, Bostock, 1947), and McQuesten (115P) (unit 4,
Bostock, 1964) map areas.
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Cecile (1981, units Hls, HEg1, and HEg2; 1984, units Hq,
HI, HEa, and Hma) has described strata in Niddery Lake
(1050) map area that are here considered part of the Hyland
Group. His limestone unit (Hls, HI) may correspond to the
limestone member at the top of the Yusezyu Formation (Fig.
36). In that area, however, maroon shale persists below the
limestone. In Nahanni map area Fritz et al. (1983) noted an
occurrence of maroon shale beneath the limestone member
(shown diagrammatically on Fig. 36). Perhaps in areas not
engulfed by clastic influx, maroon shale (or locally dark grey
shale) may have been the normal distal equivalents to
Yusezyu clastics.

On the basis of trace fossils and stratigraphic position,
Fritz et al. (1983) correlated the Yusezyu Formation with the
Backbone Ranges Formation in Mackenzie Mountains
(Gabrielse et al., 1973), and the limestone member with the
middle carbonate member of the Backbone Ranges
Formation (Fig. 36). The Narchilla Formation is correlative
with the Vampire Formation in the eastern part of Nahanni
map area. The transition occurs southeast of Steel Creek and
southwest of March Fault where units typical of Vampire and
Narchilla lithologies intertongue. Farther southwest the two
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Figure 35. Paleocurrent data from the Yusezyu Formation.
Diagram (a) includes all data, and (b) to (e) are from locations
indicated on the index map. Grooves and ripple
cross-laminae (from Bouma division (C)) (see text) suggest
southeasterly paleoflow. Asymmetrical ripple marks, which
could represent reworking by bottom currents (see text),
indicate dominantly southwest paleoflow.
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formations are found on opposite sides of Little Hyland River
valley. Immediately southeast of the map area, east of the
Nahanni Range Road, dark blue-grey weathering slate like
that of the Narchilla Formation locally occurs low within the
Vampire Formation.

Provenance and tectonic significance of the Hyland Group.
The late Precambrian to Lower Cambrian Hyland Group and
in particular the Yusezyu Formation is a thick sequence (at
least 3 km of turbiditic clastics from the Yusezyu Formation)
that reflects rapid erosion of sedimentary (?) source terranes
(see sandstone petrography section) of unknown extent and
location. Contemporaneous structure has not been identified in
Nahanni map area (the depositional basin). However, it is
clear that for such an influx of thick locally coarse sediment
there must have been moderate to high relief in the source area,
arelief likely produced by synerosional faulting and/or f olding.

Two possibilities for the provenance of Hyland Group
(particularly Yusezyu Formation) coarse clastics are: 1) they
are part of the easterly derived (Gabrielse et al., 1973)
depositional system of the correlative, thick, Backbone
Ranges Formation (see Fig. 36) of Mackenzie Mountains; or
2) they form a separate depositional system of west, north, or
south derivation that laterally interfingers with the Backbone
Ranges system.

The first possibility seems favoured by the striking
compositional similarity of Backbone Ranges (Gabrielse et
al., 1973, p. 33) and Yusezyu Formation sandstone. Granule
sandstone and quartz-pebble conglomerate with bluish
opalescent quartz grains, although not typical, are found
within the Backbone Ranges Formation. However, it seems
unlikely that an as yet unidentified submarine channel
crossed the northwest-trending shallow marine Backbone
Ranges shelf and funnelled coarse clastics into the Yusezyu
depositional basin. This scenario also fails to explain why a
similar situation did not develop during deposition of the
Narchilla Formation, when the equivalent upper Backbone
Ranges Formation, compositionally like the lower Backbone
Ranges Formation, merely shaled-out to the west.
Paleocurrent data also present difficulty for this first
possibility.

The second possibility is hinted at by easterly paleo-
current directions obtained from excellent flute casts at one
locality within the Narchilla Formation (Fig. 32). However,
the relevance of these few measurements to the Hyland Group
as a whole is uncertain. Limited paleocurrent data for the
Yusezyu Formation are dominantly southeasterly (Fig. 35),
and could indicate a northwest source area. The chance that
southeast paleoflow reflects currents that have turned through
90° to parallel the basin axis (i.e. originally flowed southwest
or northeast) seems remote in these proximal fan deposits. If
a west or northwest source is accepted, then the com-
positional similarity to the easterly derived Backbone Ranges
sandstone implies similar source rocks were uplifted in both
source areas.

In summary, available data suggest a west or northwest
source for the Hyland Group. Compositional similarity with
easterly derived Backbone Ranges clastics may merely
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reflect erosion of similar source rocks. The possibility that
the Backbone Ranges depositional system also contributed
coarse detritus to the Hyland Group seems unlikely.

Gull Lake Formation (€G)(new). The Gull Lake Formation
consists of buff-brown weathering, blue-grey slate and
siltstone, and minor limestone conglomerate exposed in the
southwestern quadrant of the map area. The best exposures
are along the southwest limb of Fork Anticline. The
formation sharply overlies maroon shales of the Narchilla
Formation and underlies white weathering limestone of the
Rabbitkettle Formation.

Type section - section 8 - 62°23.4'N;129°19.2'W. The type
section is located on the southwestern limb of Fork Anticline,
about 4 km north-northeast of Summit Lake (Fig. 37). Gull
Lake, after which the formation is named, is located 28 km
southwest of the type section. Most of the type section, which
totals 1050 m in thickness, is underlain by scree, except for
the upper part which is resistant weathering and well exposed.

The type section consists of three members: 1) a thin,
discontinuous, basal limestone conglomerate (limestone
member); 2) a middle member (shale member) of slate,
siltstone, and very fine grained sandstone; and 3) an upper
member (mudstone member) of siltstone and mudstone. The

Figure 37. Gull Lake Formation. A. West-looking view of the type section (no. 8) of the Gull Lake
Formation (€G)4 km north-northeast of Summit Lake. "a" marks the base of the section, and the
contact with the undgerlying Narchilla mormation (REN). "¢" marks the approximate location of the upper
contact of the Gull Lake Formation with the Rabbitkettle Formation (EOR). "b" marks the lower contact
of the resistant grey mudstone member of ithe Gull Lake Formation. Apparent dip of beds is about 45
degre