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ABSTRACT 

Volcanic rocks of the Carmacks Group cover scattered areas 

of the southwestern Yukon. Four stratigraphic sections in the 

Group were measured at various locations surrounding the town 

- - - - . 

breccias, ·sintere-cr-tuff ; and- TimnaEure -vfilcanic -·sandst one . ---=-- - -

_____ Thr-e~ samples col lee ted from _ di£ ferent se_ctions were 

dated by K-Ar isotope methods. Two whole-rock analyses yielded 

dates of 73.1 ±. 2.5 Ma and 67.9 :±: 2.3 Ma. One biotite separate 

yielded a K-Ar date of 68.0 ± 2.2 Ma. Dates indicate that the 

Cannacks Group is coeval with the adjacent Mount Nansen Group. 

Lava flows and clasts in eptcla~tic breccias range 

__ __ in ____ c:he.mical ___ composi tion _f_rom _cal_c::-:alkaline.. _and_e.site __ to ___ alkali _____ ---------- -------------------____ ___ _ ___ _ _ 

basalt, trachybasalt, and tristanite-. Chemistry inaica·tes • tnat 
- - - - - -- - - · --·- - ---·--·--------- - --- -- -- . -- -- --- --- .• - - ----- -

the Mount Nansen and Carmacks suites form a calc-alkaline to 
. --- - - - - - ·- - - - - - -

alkaline gradient from volcanic .front towards . th~ - craton. 

==--=-=====-== __ -_---...:::--=""::: - - - - - - ----=-"-----= 
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I n:TRODl1CTIO?\ 

Descr ~~tio~ of Problem 

The Carwacks GrouD is recognized throughout the southwestern 

Yuko:1, in an area bounded approximately by 'Wh itehorse, the Tintina 

.:-2·...i..'..~~ :=c.-.. -50i7 City, and the Shakwak Fault. (Figure 1) These volcanics 

·- -

--=-""-------~--------te~~- ~.:: r~-=-st -~c::"2ITe·a=--nte""'-ea:i:--macKs~B-as·a:rrsoy- rr:lY.- Cai rnes· -c1~·rn-; -: In-- "- - · · --- --------- -
-- -- - ---·--- ---- ----- - · - - . 

l 9 3 0 E . S . Bos tock re n 2 n e d the vol can i cs the C 2 rT::.2 ck s Group . The s e 

- - - - . - --- -- - - . 

2."oe::s .c:re the scattered rernnants of a thick -:olcanic assembla-ge 

~hat ~r 0~2blv once covered much of the southwestern Yukon. - -

::.:::, ~i:,bl ished chemical analysis or isotopic date e xist for the 

?r25e~~ ?2Crologic and major element che 2 ica l data for the Car□acks 
) _ ·- -- -- --- - -- -- - ---------- - - ·--- --·--. -- - ----- -- ------------------ --------- --- -- - ----·-- -- . -- . -- · ------·--=- --- - -------·- ... --- --- ---- - - -- --- --- - - - - ---------· -----------------

Group,_ pl...ls th-i;e_~ K-Ar dates and a Rb-Sr isochr·on that show the 

Pre.sent Studv 

inis inYestigation into the Carmacks Group 'was _ undertaken. at 

=._-=.-_.=_-=_ ___ ____ _=:- ---the· S'-1 gges ti on o-f D; J. - Tempe 1-man-Kl-ui t - of ---the Ge -&1-ogical-- S-u F-vey--of 
- -- - - - - - ----- --- - - - ------- - - ------ - - -- - _______ ,. _ _ _ _________ _ _ p ------- · - - --- - ----

/ 

study of the -Carmacks Group was concentrated. in -three ·areas; on .}_lill.e...r-.~s -. 

---- -- .· --'-__ - __ -- - -

Ridge five kilometers ·west of the to~T~ of Carnacks, in the Glenlyon 

Lake G2p sheet fourteen kilometers south of Carmacks (Figure 2). In 

each area sections were measured and samples were taken for petrographic 

studies, chemicai analysis, K-Ar dating and pollen dating. Pollen from 

the i ll~ .. ature sandstones of the Carmacks Group is being studied by 



•• SECKrRK -C?ROUP 

Ct.RMACKS GROUP · 

~ Basalt 

R.hyolite 

Ccn g b:,1e r oie 

lgnir.;brite, turf 
(c8ssibly rclcted to 
}/-.o:Jilt l~ansen) 

Figure 1 - Distribution• of the Carrnacks Group and Locations of the 

Three K-Ar Dated Samples. 



__ ___ _ Scale 1.: 250,Q,")C)_ _ - -- - -- - - - .. - - ---- -- ... -----
- ---- ------ -- - --- · , - ··- J-tncti·· ro 4Mtjcn~,pi)rol:im:itc~----- - -- -- - -- - --- - -- - - - - - ------ -- - ------- · :--

~- _ ~ 1p .15 _ _ -10->---rn~- • 

Figure 2 - Topographic map showing locations of the measured 

sections. 
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the Geological Survey of Canada. 

During the fall and winter of 1979-80 selected rocks from the 

three areas were studied. One sample from each section was used for 

K-Ar dating to determine the absolute age of the rocks. 

---- ------------ -- - -
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II GEOLOGY 

General Geology of Area 

The area in which the Carmacks Group is exposed is largely 

covered by the Carmacks, Glenlyon, Aishihik Lake and Laberge map 

sheets. These areas were first investigated by D.D. Cairnes at the 

beginning of the twent_ieth century. In 19 36 H. S. Bos tock published-
-----. - ---- --- ----·-· --- - ----· ·-· . -~= 

Bos_tock descri1:i_ed _?~! th_e _ _f_~rmat1:_ons ~n_ th_e area, ___ from the metamorphic 

Yukon Group to the Late Tertiary Selkirk Volcanics. The table of 

formations which Bostock produced is still used, the only important 

changes being in the absolute ages of some formations. Bostock 

considered that the :Mount Nansen Group Andesites were Late Jurassic 
----------------· -----

and/or Early Cretaceous and that the Carmacks Group was Eocene or 

__ older. _ K-Ar ___ dates _ re_Rorted __ h_erE: __ demon$ tra te_ tha t __ the __ C.armacks __ Group ___________ . 

is Late Cretaceous, and the same age as the Mount Nansen Group (Grond, 

-- ·- - · -·- - · -- - - -·--·- --·-- -

The following depositional history and _tectonic model is surn-:--

·marized from Bostock (1930) and from Tempelrnan-Kluit (1976,1979 and 

_ p e_rs onal cmmnuni_ca t ion) _. ______ _ 

The Yukon- @roup is ·--an agglomera ti-on of --s-eveTa:-1--d-:i-stinct • groups 

of rneq.Jilo_:r;:_ph_i~_J _ocks, with different ages of deposition and_ different 

-- uni ts and l~ck- of fossil-s, --t--he de-p0si ti-onal ages -, cannot ·be- estab-1-ished ,-

-

but they are probably Paleozoic and Early Mesozoic. 

The -Lewes River and Laberge Groups are Upper Triassic and Lower 

Jurassic volcanic rocks, limestone reefs, and coarse elastic rocks 

derived fro~ them. They were deposited in a forearc basin northeast 
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of the Lewes River arc. 

The Tantalus Formation was deposited unconformably above the 

Laberge Group in the Late Jurassic or Early Cretaceous. The formation 

is terrestrial in origin with a probable source to the east in the 

Omineca Crystalline Belt. 

In the Early to Middle Cretaceous the entire assemblage was 

was followed by erosion. 

In the Late Cretaceous, subduction of Pacific Ocean floor 

beneath the accreted Intermontane Belt led to plutonism and ex-

trusion of the coeval Mount Nansen and Carmacks Groups.In the Aishihik 

Lake map area Carmacks volcanics overlie the Mount Nansen Group 

----------<-Temµelmau=Kl~---19-7Ji}-, - ht.Lt-brnadLy_ the__ tw_o __ .grnups _ _are__coev:al ~--The ______ -- ----·· ··-,---- -,-

more acid Mount Nansen Group . is found to the sou thwe-s t ·-of the more -

J------------·-··-··----·--- ·· ····· -··· ·· -··· ----- .. . ·-····- . .. -· ·---- ----··· . -··-· ··-·-··--···--·-···· -- ····- ·-- --·- ····---

basic Carmacks Group. Overlap between the · two groups i -s_ seen in 

parts of the Dawson Range (Tempelman-~lui t ,- -19,80) . · 

centres onto a topographi~ surface with considerable relief. The 

relief on the depositional ' surfa~e was tip to 1500 meters. Uplift 

In the Pleistocene, the Selkirk Lavas were extruded· onto the 

surface of the Yukon Plateau. During the Pleistocene .parts of the areas 
- -·--· -·• --·- - - ·- --·-· -· ----- -- ·--- -- - ------- - -------- -····- -- ----- -- - --- --- -- ---------- -- -· -------- -------------

undertain by _the Carmacks Group .were glaciated. 

General Geology of the Carmacks Group 

The Carmacks Group has been studied and described in detail by 

Cairnes (1910), Bostock (1936), and Ternpelrnan-Kluit !1975,76), _arnoung 

others. The following is a brief description of the characteristics 
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The Carmacks Group forms a thick section of lavas , epiclastic 

breccias , tuff, and immature volcanic sandstones, unconforrnably 

above the Cretaceous Tantalus Fonnation and older rocks . They are 

themselves unconfonnably overlain by the Selkirk Lavas. The dip of 

0 
t h e flows ranges from horizontal to 20 and the entire section is 

The base is marked by a thin conglomerate. Above this cong-

- -

lom~rate are thi~k, massive lavas, that grade upward into interbedded 

v e sicular lavas and epiclastic breccias. 

The lavas are generally andesite, but range in composition from 

rhyolite, trachyte, and dacite to basalt. Individual flows can be 

-------- '. _____ _a~ilier_e_frD.n1-_D~-.Sm.__t.0 __ 5Dm- t .hi.ck-.- -Tlie-- iaua--f-l-0ws---a-r-e--e-X-t r-e-me1y --f -r-e sh -- -- --------- - -

/ 

I 

in appearance. Flows weather brown, reddish brown, red, green or grey. 

Fresh surfaces are grey, blue-green, brown or black. }fassive flows 

are coarsely jointed and in some places show irregular but distinct 

-columnar -jointing-.- _y~~icular flows - 90 -__ n~ _~__::_:_s~w - r-e_gul~~ j_9iI)_t;__ip_g-~-~ 

- - -

---- 1 ··-

The lava includes phenocrysts of pyroxene, biotite, plagioclase, 

and/or olivine in a groundmass of pyro xene, biotite, plagioclase, 

andesine. Vesicular flows have the same general composition. Vesicles 

may be- filled with carbonate ~ zeolites, or silica. Some flows are 

vesicular to the point of being pumiceous or scoriaceous. 

Epiclastic breccias of the Carma.cks Group are generally 

well indurated and form large, massive outcrops. These weather brown 

to red brown and are difficult to distinguish from lavas at a 

distance. Clasts in the epiclastic flow breccias range in size to 
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.2.ro ___ a._DQ .3:_re _?J_l _ _y_oJcanic. They are derived from flows of the Ca rrna cks 
. --- - . - - - - -- . - -- - . -- .. -- . - -- - - --- -

Group. Clasts range in composition from siliceous rhyolite to rnafic 

basalt and from massive to vesicular. The matrix of the epiclastic 

breccias is fine to coarse grained tuff and volcanic sand. 

Sporadically between flows are deposits of immature volcanic 

sandstone. 

}--- --··- -·-·--·--·-· · - - ·· -- - ·-- · -·--- --- - --

-- - ---- -- ·--- ___ :.......,_ 

- - - --··- - J -- --- -------
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TABLE :1 

SYMBOLS AND ABBREVIATIONS USED IN TEXT, TABLES, AND FIGURES 

lava flow sample 12-2d 

OJ]] epic las tic breccia • samnle l 5- le 

---- ----- ~--"=--~---{EITt _-_s~~~~~e~ ~u~~ __ -_____ -_-__ --__ --~ -~-------a~· s~~~~- __ llf __ ___ __ • --- --·----·------
- -- ·---- - --- ----- - - - - - -

-
□ 

volcanic sandstone 

cover 

Ma- million years 

wag- magnification 

crs- coarse 

cong- conglomerate 
\ ---·. ·-· . -- --- --------·--·- ·-·- - --·- ---···-· -·· ----- ... 

1::,. s<:-rople 14-lh 

01'- olivine+ 3/4 orthopy rox ene 

Ne'- nepheline + 3/5 albite 

Ab- albi te 
- . 

Q'- quartz+ 2/5 albite + 1(4 orthopyroxene 

J • SST- sandstone Opx- orthopy rox~ne . 

fg- fine grained 

rn- meter 
- . -

cm- centime t-er-
---- - --

mm- millimeter 

km- kilometer 

An- anorthite 

- - - - -

-- · --·-Or- --0rt-h-0·6lase-
-

A- Na
2

0 + K
2
o (~eight%) 

F- Fe 2o3 
11 

_ rng- medium_grai_ue_d _. _____________ M-_ :MgO ________ _ II 

. - - ··-· - - ·--·-···-- - --- ···- - --·---- - -- -- ·------- - -··------------·---------

SLST- siltstone 
--· -- -- - -----· - - ·-- - .• --

Normative colour index = olivine + orthopyroxene + cI·inopyro..xene 

+magnetite+ illmenite 

/ 



-10-

III GEOLOGY OF SPECIFIC SECTIONS 

Terminology 

Nomenclature used in section descriptions was established in 

the field, by literature investigations, and by thin section studies. 

In the field basaltic and andesitic flows were distinguished by 

- - ---- --- ---- --- - ------ - - -- . 
• - - -

contained phenocrysts of pyroxene and olivine, while andesites were 

medium to dark grey and contained phenocrysts -of -plagioclase and 

pyroxene. Samples which underwent chemical analysis were given more 

specific names, after Irvine and Baragar (1971). These samples were 

found to be more alkaline in nature than could be discerned in the 

term_ 

- - -
for the volcanic breccias in the measured sections. ~The coarse - tuff 

\ - -- --·-- -·- · -- -· - - --·-· - • ···- --·· --- -·-- ----- ---·· -··· - --·- --- ·· - --·- · ·-- - - · -···-·-- ··- ----·-----· -·· ·-···--·--- - ·-····-- •• ·-· ··- - -·- • . --·- ·-- --· . -· ·--- ·-·-··--·-··- ----·- . ·- --· ··-· - · - · · · ··-·· - . . -·· -·. - -- - -·-
I 

I rnatrix,sorting; compositional variation, and roundness of clasts 

indicate a moving flow tontaining brecciate~ lava, that is mixing 

-- -- - -. ------------ - - - ---
breccia of explosive origin. The term sintered tuff was given to 

a specific rock - type after thin section analysis. Volcanic sandstone 

fine grained elastics, containing angular grains of probable volcanic· 

origin. 
- --- ---~-- ------ - - - -- - - - - --- - - -- - --- - --

Miller's Ridge Area 

- -- -- --

Miller's Ridge, located 5km west of the. _town qf Carmacks, trends 

-
east-west. I ts - eastern end was carved by Pleistocene ice ·and forms -

a cliff approximately 1. 5km long. This cliff_ exposes a 200m sec tio}\
0 

-

of the Carmack Group (Plate 1). The cliff face shows that the ridge 
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-·-·--- -------------P--1.a-t.g__-l _--=- .S.e---Gt-i--O-tl--€-X.p-o-£.g.d_ --a--t- ..g.G.u .t-h-€---r-R--€-r:l..Q- -G t-M-i-ll-€--1= !____s----Ri--d-g@, --- ------ --- ---- -- - - ------­

giving _ locations of Miller !.s Ridge East and West- sec ti:ons. 

- - - . - ·--- - - - -- - - -· - - - - - - ------

Plate 2 - Close up of location of Miller's Ridge East section. 
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is faulted. Because of this faulting two different sections are 

exposed in the cliff. The northeastern and southwestern sections 

were measured separately. 

Miller's Ridge East 

Description 

The Miller's Ridge East section is summarized in Figure 3 and 

- - ---- - . ---· -- -- - ··----- --- -
-iavas- ;-- sintered tuff -and immature volcanic sands (Plate 2). Epiclastic 

breccias predominate .- Clas-ts in -t-he breccias are angular to 

rounded, and have a size range of 1cm to lm (Plate 3). Clasts are 

massive to vesicular andesites and basalts. The epiclastic breccias 

form massive cliff-like outcrops. Contacts between the breccias, 

lavas, and volcanic sands are sharp, and contacts between the 

epiclastic breccias and the sintered tuff are gradational. The 

--- -- - - - _....:._ --- -lava -- f o-u-nd- i-n---t-h-e-- -s-e-c-t--i-en - i -s - ve-si-eula-r-, · b r-e c--ej_ated-, -and -mixe-d.:.· wi-t-h----- --- ------- ----- --- -­

volcanic sand. The sintered tuf f f orrns thick beds '. that are dif feren-

tia ted by weathering colours (Plate _ 4). AU "tuff beds have black "· • 

·-- -- pyroxene -phenocrys ts in variably devi trified glass matrix. Volcanic 

sandstones outcrop as laterally discontinuo~s lenses of fine to 

___ - ________ ------- --- - coarse __ laminated_ -sands tone ; -Grains _are :_poorly- sorted--and -angular-~-- -- - ~ ___ _ 

_ Petro graphy 

In · thin section a basalt clast from an epiclastic · -- -brec-eia-- · 

(sample · 11-1) contained phenocrysts of olivine an~:L.clinopyroxene·, 

- - in a· -·grouridmass of plagioclase -c~35) . - Clinopyrox~ne-,-·'sbow_s~ twinr/Cng _ 

and zoning. A thin section of the sintered tuff (~ample ll~li) consists 

of clinopyroxene and plagioclase phenocrysts in a very vesicular, 

devitrified glass matrix. 



- 13-

-11111r -11 1-
Epi c!as\ic -::-~~ 

breccia 

Green weathering s int e r ed t u ff wit h c lasts 

f rom underlying flo w s 

vvvvvv v v 

SCALE! Imm= .Sm 

Epiclastic . b reccia 

and volcanic sand Pumice 

Crs SST to pebble cong with volcanic c!asts I 
I 
I ·-- ---------------------------------- _------·--· --i 

- ---- ----- - · -·---H-t--+-1--'--l-

1- -->--

1 

't 

I 11 

I 

' · 

Epiclastic 

Epiclas ti c-

E_ pi c I as tic : --' ., ,. b rec c i a . .,.,, it h b a s <'! IJ i c c I as ts 

SAMPLE 11-1 

SCALE: lmm=lm 

Figure 3 - Miller's Ridge East section 

- - -- - - . _-_- -----·=---· - _---
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-- -----p]_ar e ·--3 - - -EpiTiasL i~ -- _- ..:.. _-_-1:rreccia in _ iller 1--s Rid ge- Eas t sec tion,-------- ·---- ----- ------ ---- -

48m above base. 

- -- - - - - - -· -- · - - - - --

- ·--- - - --- - -- --------- '-li!'-!::::-,"'""";;,HFo-,#., -- - - --- -- ------ - -·- - ---

- -~ .. 

iJ -_---C < C . 

-.E;.._¥'.;-_. ---.:::,_.- ~ .-~~~~~~~ 

Plate 4 - Contact between two sintered tuff beds 

Ridge East section, 167m above base. 

in Miller's 
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Descri".)tion 

The ~-li ller 's Ridge West section is summarized in Figure 4 

and Appendix I. It consists of 79.Sm of interbedded epiclastic 

--= breccias, lavas, and immature volcanic sandstones. The 

epiclastic _ : breccias are very similar to those found in 

_!~~ _]•:~} l _e ~_~_s __ ~ ~dge __ E':1_~ ~---~~c ti9n (Plate 5) • Th~y ~ f_te~ ~ n ~ ~ r _t _o_11~~~ __ _ 
- - ---- ---- - -- -- -- - -

~ith thin lava flows. The lava flows are andesite or basalt a~d 

are Yesicular to massive. The top of the sect:ion is c apped by a 

thick r::2s s i ve basalt (Plate 6) , ·which displays crude coL.:,:mar 

join ti:;g.A sa.rrqle. of this lava flow was us ed for ch e ::: ica: 

A t h in section of an and esitic 

pnE nocrysts of plagiocla~e . (A.n 35) anp clinopy roxene. The clino­
, ; 

--- - ------------;:>Y-H>~-ne--- is --pa-r-tially-- al--tered- to aG--t-~nol-i-te- and Ghlor:i te and the 

- -- - - ' .. ' - - -
-- ·-plagioclas-e-- to ep-id-ote- a-rrd-'--z--oi.-site (Plate 7). Th-e ·--p resenc-e of---rhese -

-- - - -

alteration minerals indi~ates £hat the rock has undergone lower 

chemical 
--- •--- -- ----- - - •--- --••• --~--===---=-- ---- ;-- .•- - ; • ; - •--- ••••-- - - -•-- •- - -- - - ----- r ____ - -• •--• - •------•--•- -----

__ --2.naly_s.is _and - isotope _ dating (s~rnple : 12-:-2.d)____1-:~s __ ¢lSQ ___ ~_nal.y_s.sd in 
- - . ,-. - :-- .. :""' 

-- · - ·- ·-- ·-- · 
:_. ~ L _: _- ~ c:J: 

thin section. The basalt , has -piienocrys ts of t wlnne·d cifnopyrox ene 

-----~~ B -G:--G 1-i ~r..;i.:.+t-e:=- -pa:r~ ia.J. J:y---'----d-1--t-e--r:-e-d-=--t:©:-=-i:cl<l-in-g s-i -t.:e-~-P 1-?--t..e ·: -8 )- i-=i n - a -- -
'Ill 

other opaques. 
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MILLER'S RIDG E VvEST SECTION 

vvvvvvvv 
vvvvvvvv 
vvvvvvvv 
vvvvvvvv 
vvvvvvvv v v v v v v v v M assive basalt, fresh appearance,columnar jointing 

-V--V~V -V--VV.--'-'V-.Y=--~=--=-"~ ~-'~---~- - --- ___ .:_: - ... - •. - - _ 
V V V V V V V V DATIN G SA M PLE 12-2d -- ---- ·--

::V1/-V-V V VV V _____ ______ -- -----
VVVVVVVV 
vvvvvvvv 
yvvv_vvvv 
vvvvvvvv 

I 

Epiclastic breccia 

- H-1-1---1--- - - - ~- - •-~ ~- - ·--------- --- .---------------- ---------------

Andesite flow SAMPLE 12-2e 
--- J 

- ·- --- - - - --- - - ----------· - -- - . - .:,.-~ ---

- .~ .. =-..: =-

-~--- ---- - --··-- -- ·- - - -.. R'~-:--.-.:.:~ --- - 1- 1- '- _ ------ - - - - --- _ - - • _ - --- - _ - -,----~----"--~_ .=--=-~=-=- =-c=--.::...-=---~~ 

----"'--"=- •• - - --- - - - -----

/ 

1 -; -:-rnte ,to- Oglil : ~ ~::_c: e; ,~! ~ s 1\ i~-':.- b rm, a : ->:._'~ - = ~- -,~ ·:-~: . 
... --:-- v V V \1 - and - lava flow 

----- -- - -- ----- -----'---_ _.:..:c::....:c..::... - - ---- -

E p i c1 as t -i c_ • breccia 
• - - - -•- M • -- - ~ ; •-• -•--••---- _____ .,.__ • _--.-:.• ==--- ••- - - ·•• •, -~ .. ;.=:::• ••--:- _-:-~-=-~ -- - -,-c• • =-• • 

SST, ' fg~ p~-;;,riy-~-s6r'~ cf -=--='~--=- --- _----::_ ---7_0_~- --· _---: _ ---- :-~- ~ = :-~--:~_:::::-=~ 

SCALE 1mm = : _Sm 

Figure 4 - Miller's Ridge West section 

- --- -

- -- - ---· 
"'"- . ·.- .......... -

-- -· - --- -- - • ---------- - --- -- -- - -- -- --~= 
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------------------P-tm-e---s- -=-- -Ep±cla-s·ti-c-- ·--·------bre c-c-i-a-- f rorn--+frl-1-e-r-'--s - R4d-ge W-e s-t- -------------------- ----­

section, 25m above base. 

)- - --- - --- ---- ·····- ·-------- - ·--- -- - -----·--··-· 

\ 
_) Plate 6- Massive, jointed basalt at top of }tiller's Ridge East 

section. Dating sample 12-2d taken from this basalt. 

- -·- -- - -- - - - --. - .- -- - _ ______ __ , ... __ _ 
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Thi~ section of samn le 12-~e . Plagiocl2se altering to 

Plate 8 - Thin section of sample 12-2d. Olivine altering to 

iddingsite. 
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Aish~hit _ I,_ake __ Section 

Description 

The Aishihik Lake section lies 100m east of the Whitehorse-

Dawson highway, 14km south of the town of Carmacks. The bluff which 

makes up the section does not have good outcrop as at Miller's 

Ridge (Plate 9). In fact, over half the section is covered. However, 

to the sections at Miller's Ridge. 

The Aishihik Lake section is summarized in Figure 5 and 

Appendix I. It consists of 89m of epiclastic breccias, lava, 

and covered intervals. Contacts between the different epiclastic 

breccias and the lava flow are not visible. Clasts in the 

--- ------e -J;.e-f:-G-i--as- a-r=-e-up--t-0- ---2-m---a-e-r-e-s-s--(-P-late--l-O-}-,--- and- ---a-r-e-- r---e-u-n-d-e-d- to--·a-ngul:ar -------- ----

basalts and andesites. A sample of one of these large clasts was 

u_sed for chemical analysis and isotope dating (samp le 15-le) . One 

___ <:?~~crop __ shows_ a series __ o! __ s_ucce_~si~e ep~c}as tic breccias which 

successive _, breccias are small lenses of imrnat~re, coarse 

sandstone. The lava flow in the section has covereq intervals 

- ---- ·---,----- ------rreiow ana aEo\ielt-. --rt co:_n-sT_s ts_ or a rilgniy altered andesi te. --- ---

\ 
J 

Petrography -~ 

A thin section was taken of the epiclastic - breccia clast _ 
---- -- - --- ---· --- • - --- -------- --_ ----· ---·---·- ·-

~sed for chemical analysis and isotope dating (sam~le 15-le). _ The 

clas t is antjes i te with c linopyroxene and p lagi oc la3.e .,- pheno<;;J::-y s ':t§~.;- ::-:-=- =--=: 
·- ] 

in a groundmass of plagioclase, chlorite, devitrif{e a - glass and 

opaques. The chlorite may be the result of olivine -alteration. The 

_plagioclase phenocrysts are zoned (Plate 12), but an accurate 
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\ AISHIHIK LAKE SECTION 

Epiclastic b r ecc i a 

- - -· ... ___ ·- - -
-·--· .. -- --- -- - -- -· 

- - - - - -

11111111 111 Epiclastic breccia 

Cover 
-_ - . - -- - -- -----· ------------ -~ 

--{;lasts- in E--pi-<::-la-s-tic -- -- --b1~cia~ l,j'.ii fo 2m in size -

oATING sAM PLE - 1s .:1e 

Cover 

1111 11111 Epic las tic breccia 
- --~ _ _ _--S;~~- ---~~~~--l~ 

--

• SCALE 1mm = .Sm 
- - ~~~-;;::;_~ = -..~ -~ ....::· -

- - . 

J Figure -5 - Aishihik Lake section 
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Plate 9 - Slope on which the Aishihik Lake section was measured. 

i 

Plate ·10 

- ~ -· ..;._;;_ ~- - -==----.· .... - ..=-:::::::--~--:;:.~=-=-....... • _,. .. .,,. j 
; _,_y:_:_~_;_;:_;~:;-__ .;c. ---- .. :;:-- -'_~~;~~~= • _-_-~_;;:~±?!_~--= 
-~~-:_:f?f~~-_:_;..;._:_c..._.~ - -=- ~=" - •• - --~~~ _·-_:_::: -"'?"-"""___:c..__.~~~"1.- ~. ==-. •• 

:::::~:nf:~:-which ''"~;=::~f X~~:;i~:W~f ~~ 
---- -aati rrg-s-arnp--l -e--:--1..§.-l-e--~::__-_--:-- ---'""-~~ ~~1~{~==-;---~--~~~-::i·".:-~:.--:-~--~~~£J.~M~~~~~~-~§L~ 

~-"~-

was =~-·~.:; 

- - from base of section. --~~-==~~ 

) 
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/ Plate 12 

- n -

. breccia 

in _:.i 7 shihik Lake 

sec:- -:i on. Size grading 

of c2 asts indicates 

succ-=:ssive 

brec=ias. 

flow 

79m :f ro:71 

Thin section of dating sarrmle 15-le showing plagioclase 

zonir.g. 
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plagioc-lase - determination-was -not • peissible • • A thin section t aken 

of the al t ered andesite (sampl~ 15-lg) consists of phe9ocry sts qf 

altered plagioclase and clinopyrox ene in a fine grained groundrnass 

of plagioclase and opaques with groundmass voids filled by celadonite 

and silca (Plate 13). 

Glenlyon Section 

. _ _ _ _ __ Pi sc_:r; i p tJ on -__ _ 

The Glenly on section starts on the north bank of the Yukon 

River, 19km east of Carmacks. The section crosses the Carmacks-

Faro highway and continues north to the top of the bluff. This 

section is also partially covered. None of the epiclastic 

breccias so common in the Miller's Ridge and .Aishihik Lake sections 

• were observed. •• • • • •• 

\ 
I 

/ 

The Glenlyon section is summarized i-n- Figure 6 and Appendix L 

It consists of 122m of lava fl<2ws, immatu~e vo1_s: ~~_i _c ;sancfstone, and 

covered .i-n t-ervals ~ -The- sand.£.tone is_f_i ne ~ rained.~ ·na : i~~ F~ ddf:-~ .. -::-::-_ ~ __ 

River at the base of the section. The lava flows are massive; · -arid - • •• : .: 

contacts between the flows are sharp where exposed. The flows appear 

--- . ----· ·----- -·- - -

to be §p_de_§j ti~ 12_ut chemical _a.paJ.y?_~s o~-- ~a~pJe~ fr_9~_§ _¼:0 <?f _th_e _____ ·:-·-- _ _ _ 

flows indicate that they are a trachybasal t and a tris tani te. The_ ,- ~ 

highway and shows crude columnar jointing_: :(:P:lat~ -·- ~:~-h; 

Petrography 
; 
- ----- -- - --

A thin section of the sandstone (sample 14-lb) shows it to have a 

few rounded quartz grains as well as angular plagioclase and volcanic 

rock fragments. The quartz may be from some dis t al source but the -

rest of the rock is definitely prox imal to its source. A thin section 
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T~in section of s2~ple 15-i; . Cel2do~i~e ano Si02 
___ _ ____ • __ ___ _ ________ _ i:i . ve sicles _. ___ { unc_ros se d _n i cols) ____________ _ _ 

Plate 14 Siltstone from Glenlvon section, 2~ from base of section. 

---- -E . --- -- - -

C 



-of-_ -th-€--t-r=achyb as.alL (sample _14) __ contains_ .phe_no_c r _y_s ts _of _ _ ____ _ 

plagioclase (An
35

), clinopyroxene, and olivine (almost completely 

2ltered to iddingsite). The groundmass is of plagioclase,poikilitic 

biotite,apatite and opaques. A thin section of an andesitic flow 

(sample 14-le) contains phenocrysts of plagioclase (An 32), clino­

pyroxene,and olivine (mostly - altered to iddingsite) in a groundrnass 

__ __ _____ Qf p_lagioclas_e~orthoclase, poikilitic biotite, .and opaques. A thin 
. --- - ·-- · ---- ------·- - . -- ~--- -. _- _- .·--::-- - - . . . .:. . :. . _-- __ - _- -:-:-- - - :- · -- - -- - - -- - - - - - - - -

section of the tristanite flow (samplel4-lh) contains phenocrysts 

cf tv-1 inned clinopyroxene, plagioclase (An
28

y rimmed by orthoclase 

(Plate 16) and olivine (almost completely 2ltered to ":Lddingsite 

2~d chlorite). The groundmass consists of ulagioclase, pyroxene 

c•rtrwclase, poikilitic bictite,and opaques. 

_ __ ___ :;-_ 

·- -· ----- - ·- -=_=. =::::::::=.=_======-== 

="-----

-::.-

_, __ .,. --- - -=-·· :-,,...,...._,, -=_....,. _.,._--:,- __ c= · _-:..-: . ~ -.._ ---

. _,,_....,,. ....... - - - -
- - - - - ---- --- -

- : .:.•:: • _-.._ ._ ::.: _:=-..:....._ -- -

---- -_ .... - -- -- -

---- ----- -- - . ----- -=---
- ----- -- -- -- -- - - _; __ _ 

. ~ .::::~~ --- -~-§~~_:-~-~~~~ :~~~ --- -

-- ---
- -- . --- - -- -- -

- - - -
... -- - ---~· ·~-a-... ---. _ .,_. _ ---- - -- --~- - , 

-

- _ __:_:_ - - - - - - - - - - . 

·-



·- ----::-·~ .. "." •• -- · -· ., ..... - --- •• -. --- • - :=: 
- ~:;~_ ~ 

.. _s_tr~~~:.iJtli1iI~~ii4ii~ 
Road -cut exposing trachvb2s2l t flo\-J i:1 Glenlv.on . - .-----·-- --.-------~ 

\ 
section. Dating sa~ple 14 take:1 rro~ chis flow, 

1· --- --·· ·--· - · ·- -- ·-·-· -· ·-- . .. - ·--·-····-· 2 7m fror:'1 --b·a.-se·oTsec-ETon·:- --- --- ----- ----·------

J 

Plate 16 Thin section of sarple 14-lh. Orthoclase rimming 

plagioclase. 



IV CBE.HlSTRY. OF .THE_ CAR:.f.bCKS ___ G_RQDP __ _ 

General St2tement 

Chemical analysis of the Carmacks Group volcanic rocks was 

undertaken on four samples, the three dating samples plus one 

Sa~ple fro~ the Glenlyon section. These samples were each crushed 

-- - -=-------=---=------------ - - - - -- - . ---- - - · - -··-- - ----~-:-=- - .- --- ----. - ---

i~to fused discs for m2jor element determination. Determinations 

1·-' ere c b t E. in e d using x- r 2 y f 1 u ore sen c e , f o 11 owing a me tho d out 1 in e d 

by G. ~ixcn. A computer program obtained from G. Nixon was used for 

nors c2lc ulations. Chemical classification was made using the 

~~~~ 2 ~ o~tli~e ~ by Irvine and Baragar (1971). Cheffiical data is 

- s c.:-:-:2ri ze2 in 7-..ppenoixTTr: -Torma ti v~ c9n:ipo?TI~_c?DS _ ares trmJTI"" Tn-----~ ---_·--- --- ---- ----_----:--

Table 2. 

- -'Ihi.s- -~-&m-p..l.e-,---t-aken £r.om.. the...Hiller ~ s-='" Ri..dge Wes-t s.e..cti_ou➔ ,;,.z_as __ 

- ·-alsD - used ·fer whol·e - rod~ K-~r-d-a ting .-:·Gn-~--h~~ -e~a-1- alkalies --(Na
2

0". + __ :. :__ _-=::_ 

K
2
0) _versus Si0

2 
diagram it is classified -as alkaline. On the 

01'-~e'-Q' ternary diagram it is classified as subalkaline but- it is 
- - ----- - - -- - - - - - --- - - - - -

- _-- -,:___ _ __ -_ 

___ }.7e r_y __ near .the._s.ubalka.l.ine __ -=.13-lkq.lin~ __ bounda_ry_. Th~ref o_re ___ this rock ___ - __ ::__ _____ _ ____ _ 

can be generally classed as alkaline. On the An-Ab'~Or ternary 

~-a i -a g-r am -th is r-0 ~-p.J..-0t s--in ::.::the=Po--t-as-s i-c-d i.e-.ld-:--ef- aJ.-kal.i-n-e----bas al-ts . ___ c_:_-- , _ 

potassic alkaline basalts, the sample falls into the alkali ·basalt 

fieltj~ _Thus sample 12~2d can be classified -as an alkali basalt. 

Sample 15-le_ 

This sample was taken from the Aishihik Lake section and W?S 



al-SE) --us-ed-- for w-ho1-e- -Fo£-k K-Ar dating. The -rock . is c...las...sitied as _ 

subalkaline on both the total alkalies versus Si0
2 

and the Ol'-

Ne 1 -Q' ternary diagram. In both cases it is close to the subalkaline-

alkaline boundary. On both the normative plagioclase versus Al 2o
3 

and the AFH ternary diagram the sample plots as calc-alkaline. On 

rne ALl-Ab'-Or ternary diagram for subalkaline rocks the sample 
-- ---- - - ------- -- ·-·- - .• - - - - - -- - • - -- - --- -=----=---=-=-=-=- .....:.=:.:.... - --- - - - - - -- -- - - - --- - -- - - . --- ------

.:·_:_ __ :-___ J2J_ o~s __ a$ __ c~::f} ___ a_verage rock. On the normative plagioclase - nonnative 
- - .. - ---·-· ---- _ _ _:::_ ____ _ ---- ... - - __ ·- _::_·-__ -_ ~--- .·---:--··-- -~.:.: . =--- ·-:- _--_- =--··_---- -·- -- - - -- -

colour index plot for subalkaline rocks, the rock plots as an 

2ndesite. Therefore, sample 15-le can be classified as a calc-alkaline, 

average andesite. 

S2.:-:-.::ile 14 
------

Ijis sa~?le, taken from t h e Glenlyo~ section, also ?rovided 

diagram the rock is _ classified as subalkaline, but again it is 

- --very near che 1s ubalka-1-ine---alk-e.li-ne -boundary. -The Fe fore- ,- -t-his -r-ock---· 

- - • -
c2n b"e g~ner~~ly classified as ·alkaitne-: On ·the -An-'-Abj-=Or · terna-ry ·- • 

diagram for alkaline rocks the rock is classified in the potassic 

- -- -- ---- -- - --- - - -- --- ---· ---- ---- --- ------ - -- ------- - - - ---------- ---

- --- ------ ---· -- - - p-1:o-t for -the potassic .serie.s___o_f_ alkal.ine..._r.oc1~_s the sa.mple_f_alls __ _ 

) 

into the trachybasalt field. Thus, sa~ple 14 can be classified as 

--a- ·.::t rac hy b-a.-sa1-c.----=-=--====-·--·=--=-·--===-- -- - - -= -:-
• 

. -SamDle -14- lh --~ 

This sample was also taken from the Glenlyon section, but 

not used for dating. The rock can be classified as alkalir.e on 

both the total alkalies versus Si02 and on the 01'-Ne'-Q' ternary 

diagr2m . On the An-Ab'-Or ternary diagram the rock is classified 
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normative colour index plot for the potassic series the rock falls 

into the tristanite field. Thus, sample 14-lh can be classified 

as a tristanite. This is the most differentiated rock of the suite 

analysed. 

Samples 14 and 14-lh are very high in potassium, therefore 

rather than the potassic alkali basalt series. The shoshonite 

. - - - . . - -

series was first outlined by Joplin (1965) as being composed 

of high alkali basalts with Na
2
0/K

2
0 ratios from 1 to .5 or less. 

These rocks contain relatively abundant potassium feldspar in 

addition to plagioclase as groundmass phases. 

)_. ___ -·---·------- -- ----·---·-· 

- -· - ---- - . --- . -- ~- - ··-· . --- --- --- --'---'-'-"----=-= 

J 
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TABLE 2 

TABLE OF NORMATIVE COMPOSITIONS 

12-2d 15-le 14 14-lh 

__ __ Or:thoclase ____ .. ___ . __ .:18. SQ._. -~~ B.~15~ ---~ 31._16 . ___ -__ 29 .6.8 ---· _ ---- .- .--.--- --·-- _ 

- - Albite -. 

Anorthite 

·Nepheline 

Diopside 

Hypersthene 

Forsterite 

Fayalite 

Quartz 

Magnetite 

Ilmenite 

Apatite 

26. 1-9 -- · ·- :- -38. 72--- -:- 33-; 3§- - :39. 63:. __ 

15.50 23.88 12.05 7.52 

0.00 0.00 0.00 1.85 

15. 20 9.99 6.23 9.61 

1.01 13.14 10. 9 3 0.0 

13.86 0.00 0.90 5.07 

4.59 0.00 0.41 1. 73 

o.oo 1. 26 0.00 0.00 
- · -·---------- - - ------ -- ------ ·----·-- - - -➔ --

2.53 

1. 31 

1.00 

2.41 

1.-14 

0.70 

2.50 2.47 

1.26 L23 

1.24 1.21 

- - - .. --- ·· - ----- - -- - - - - --· - - · - - - - ··- ---· ----- -----· -- -
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V 

K-Ar Dating 

Three samples of Carrnacks Group volcanic rocks were dated 

using K-Ar methods, which are summarized in Appendix IV. The samples 

were chosen from three different areas in order to confirm that 

. alL tpree. sect.ions were .. £.:ro.m the .. c3:r~ITI?_ct~ _Q.~smp . and to .~.s tc:ililish 

a range in ages for the extrusion of the Carmacks Group. The samples 

taken were all of relatively fresh and unaltered rock. 

Sample 12-2d, an alkali basalt collected from the Miller's 

Ridge West section, gave a date of 73.1 ~ 2.5 Ma. Sample 15-le, 

a calc-alkaline andesite collected from the Aishihik Lake section, 

gave a date of 67.9 ~ 2.3 1fu. Biotite, separated from sample 14, 

: a trachybasalt from the Glenlyon section, was found to be 68.0 ~ 
>-·------·· ·-···-····-·-····· ···--·· ······· •. ···-· - ··--··- -· . ···----· - ···· · - · ·- ··-·· ··· · -······-·· · .•. · ··· ·· ·-- ·- ··- · ····- •• ---- ••••••• ··- -··- ·····- ·------· ·- ·-·- ···- -·· ·- ·· ·· -·· •• • •••• - · 

2.2 Ma. · 

- -- -- · · ·--'r-h-es-e -·-e-ates·· e-s-tab-li-sh· an -appr-e-ximate r-ange -e-f age-s, ·-frem 6-8 • --

-·--· · ·--- ···----

Carrnacks Group is Upper Cretaceous Campanian in age. 

K-Ar dating of the Mt. Nansen Group by H. Grand (1980) has 
---- ·------ --- - --··· - - - - -- - ·- - - --- ---· ··-· ----·- ·--····-- - · --- · · - ·--·--- - -- · - -------- --· ··- ··--- -- · -

res ul te.d .in_ tRO_._dat.e..s.., _12. 4 .Ma and 69 .J Ma. These .dat.e.s -2..S.tahlish __ __ _ _ 

that the Mt Nansen and Carmacks Groups a:rre coeval. 

Rb-Sr · Da ti·ng.c-· -. -- -::.:.:__._· -=-- ··- - ·- ·----· ·-=-· · - ---_- _·····_ ·- ------ - ----· ·----···-= - :c-=.---_-_-_. - ·_ -·- -·· 

Rb and Sr trace elements. Results obtained are summarized in 

Appendix IV . . The initial ratio calculated by the York Least 

Squares Regression (York, 1969) was 0.70489 ± .00015. The 

isochron obtained gave an age of 76.8 ~ 19.6 Ma (Figure 15). 
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-- ·- ----- -- The earmack-s - Group--- Rb-Sr data was -e-ompared w-i th- cwo samples 

from the Mount Nansen Group (Grand, 1980) and one sample from the 

Hutshi Formation of Graham Inlet, British Columbia. The intial 

ratio, again calculated by the York Least Squares Regression, was 

0.70484 ! .00007. The isochron obtained gave an age of 72.4 ! 2.1 Ma. 

- -- - -•--· - -
- -·- -- ----· ------
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VI· -- m -scussION . OF ·CHEMISTRY-

Investigations into the chemistry of the Carmacks Group makes 

it possible to illustrate chemical trends which these rocks follow. 

First, looking just at the Carmacks Group, the lavas differentiate 

in that the oldest lavas are alkali basalts, a y ounger lava is a 

__ t t a c h yp a~s_alJ~, __ 3=DP_ 9 __ still _y_ounger _ ;l c1-Y? . ~s a tri s tani te (_s am2 l _~s_ 
. - -. ·-- . - ... - -- - - -

12-2d, 14, and 14-lh respectively). The alkali basalt and trachy-

basalt have no normative nepheline or quartz, while the tristanite 

has normative nepheline. This chemical trend follows the fraction-

ation trend in alkali rocks, first elaborated b y Ke n ned y in 1933. 

The t rend is that silica undersaturation incre as e s in suc c essively 

• y ounger .flows from the same parental basal ts. An e-xplanation of ..:. - .. •• 

) ___________ -·---·---~~~--- th·~- ~ e~-~=~--- ~ ~e-~~ _ o·=-~-~~~~-~e :_ __ ~~--~~~:~ --~-~ _! o~e_~~~~-- _! _~_l? _: T ~( ~~-6_2) • 

On a more regional scale, the Carmacks Group appear to -be - - - · 

- . - - - --
-ob-seTved -·that··-the · chemical -cornposi·tion of volcani·c.s ·-±n- an ·island-

arc and/or continent changes from tholeiitic to calc-alkaline to 

alkalic, from active volcanic arc towards the stable craton. The 
·--·- -----· ·- ---·- - -- - ---- ------ - --- ---------·-·---- --·- - ·-· ·-·-·--- -- - - -- ·- -- ····---'---- ---- ···----------·-

northwest - southeast (see Figure 1). Directly to the southwest, 

_ --, --- ··-:- _ -=_c..=--· ___ the Mount NanseR_ Group_-forms a parallel linear_-belt :..Df_:_VD.lcanics -~ _ 

but these volcanics an~ <;-~lc~-9-lkaline ~1: -c_omposi tion __ (Grond..;.._J_. 980.) __ , __ 

Thus, the two suites of volcanics show the gradient outlined by ·­

Kuno - calc-alkaline near trench to alkaline cratonward. 

\ 

/ 

There are two theories to e x plain this gradient. Kuno (1966) 

postulates that magmas formed at hi gher pressures will be more 

alka lic, and also that the further inward on a continent , the d e ener 



-- -- -- ------ . - - --- -- - -

\ 
) . . ·- ·-- --·· - -· -- -

-is -· t-he . level .. o.L .melting _of the magma. __ .T.h.u.s. _it mak~s . ~_e11_s~ .th?:t; __ _ 

the further inward on a continent, the more alkalic the volcanism. 

This trend ~~y be caused by different magma reservoirs at different 

depths or by one common reservoir supplying all the magma, which 

differentiates at deeper depths as you move inward on the continen-

t2l side. Miyashiro (1975)postulates: The continentward increase 
-- --------- --- - ------- - -- __ --:;._:;-_____ - - ---··---

th oleiitic, calc-alkaline, and alkaline rocks but is r.ainly due 

to the continentward increase o~ K
2
o in tholeiitic as well as in 

calc- a lkaline series rocks across the arc. 

The one calc-alkaline rock found in the Carmacks Group was 

2 s~~?le of an eoiclastic breccia in the southwestT.,•ard edge 

of the Carmacks Group. This ep1cras trc ___ breccia- c·ou-rcr1'1ave~---· ------ -------

its origin further west, which would account for its calc-alkaline 

co~position. The calc-alkaline composition could also be just 

- ---- norma-±- --varia-t-i-e-n 'i.•✓ :i:thiR --the- C-a-F-ma-E-k-s---G:r:oup .--- - - --

- --·- ---- ----- --- - ·----- -- ----·- -- ···----- ---- ···--- --- --- - --··· ----- -- ·- -- -- --· ---··--·-·• ---- ----· 

_ _____;.c......:....::c.:.._-=--::;--:::_· __:--....:::::....- -_ - _-_- - _ - _ - - ___ • - • -- -_ - -- - -=-~-=-- -- -- -

' ) 
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The studied sections of the Carmacks Group were found to 

be composed of lava flows, epiclastic breccias, sintered 

tuffs, and volcanic sandstones. Chemical analysis revealed that 

the lava flows were alkaline and high in potassium. K-Ar dating 
-------~~~-- - -------- -- - -----·------ ._. -~- -- - - --- - ----- -------- --

. ---- --estab-li-she-d- an Upper _ Gr_~-t 9-_c~.9~s age for the Carmack_~: G~oup ., _which _ 

was previously thought to be Eocene to Miocene. Rb-Sr isotope 

dating also gave an Upper Cretaceous age. 

--- - ---- ----- ----- --- ----- •• • - -- .--- --- -- ----- --- ---- - ---------------

I - - - • 
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APPENDIX I 

SUHMARY OF MEASURED SECTIONS 

-·· --- - - ---- -- - -- - -- -----==-~ ~---

)-------------- .. -- ----- ---

- -
- - ---- -------- - - - - - -- - -- - ----- -----

. - ----·--. 
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HILLER'S RIDGE ·EAST SECTION -· ---

Height in Section 

(m) 

0 

Thickness 

(m) 

30 

Description 

Epiclastic breccia. Clasts range ·in 

size from 1cm to 30cm. Clasts are of 

basaltic compostion. Matrix is coarse tuff. 

--=-" - --- - -3 0 - - - - --- b • Epi_clasti_c __ ore_ccia_. Ciasts are ITgnt_ ~ -~-
- -···--· --- --·--

· coloured and highiy vesicular. 

36 84 

120 3 

Epiclastic breccia. Clast co~po~i~ipn 

is andesite to basalt, mainly massive rather 

than vesicular. Clasts are 1cm to 2m in size. 

Laminated volcanic sandstone grades up 

into pebble conglomerate and then to coarse, 

unlaminated volcanic sanstone. 

------------------· ----1-:Ll- -------- ------- -··--- --6----- -----E-x-tJ?-eme-1-y- -ves-i -e-u-l-a-r- 1-av-a -bFece-i-a-t-ed- -ana---------·· 

mixed with volcanic sandstone. 

) 

_____ 12 9 _ _______ ______________ ___ .. __ 30__ _ ______ Epi cla_s t i _c __ . ______ b r~ c _cia._. ___ .Cla_s L.:.rnIDp_o_s_i _tion_ _ ... 

is andesite to basalt. 

159 7.5 

166.5 3 

• ' 

172.5 6 

I 

---1--

178.5 7.5 

186 

Very weathered, brown sintered - tuff witb _. 

-_ pyrox§ne __ p:tienocry~t.s. Clas ts ·from under-

lying epiclastic breccias at bas-e . -

Brmm weathering sintered tuff with 

pyroxene phenocrysts. 

phenocryst's~3ome volcanic crasts 10cm..:...; ---·- · 

30cm in size . 

Green weathering sintered tuff with 

pyroxene phenocrysts. Contains numerous 

- volcanic clasts 1cm to 30 • cm in size - -

Epiclastic breccia. Clasts are 

andesitic to basaltic in composition. 
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MILLER'S RIDGE WEST SECTION 

Height in Section 

(m) 

0 

24 

39 

39.5 

59.5 

79.5 

Thickness 

(m) 

2 

Description 

Volcanic sandstone, fine to medium 

grained, finely laminated. Poorly sorted. 

5 -- ---- ---Epicrasttc- - - --- - brecciatnierl:on·guing-------------- -

15 

. 5 

20 

with ve-sicular, -brecciated, - lav·a flows. 

__ Epic~_as_ti~ _ breccia with basaltic 

and andesitic clasts. 

Blocky andesitic lava flow. Massive at 

bottom, becoming extremely vesicular at 

top. Phenocrysts of feldspar and pyroxene. 

Epiclastic breccia with andesitic 

__________________ ___ ._and_.b.asal.t.ic.___tlas_t_s __ __fu3_s_e__ o_f _____ br..e_ccicL _______ _ 

contains vesicular clasts from under-

- ___ __ . __________________ _lying _lava __ flow, _________ ______________ ________________ ________ ____ __ _ 

20 Massive, blocky basaltic lava flow, 

with pyroxene phenocrysts. Crude 
- - . 

columnar jointing. Dating sample 

------- ·--··------ --- --- - ------- ···---- - - ·-
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- - - - AISHIHIK L4KE SECTION 

Height in Section 

(m) 

0 

19 

27 

31 

Thickness 

(m) 

3 

8 

4 

20 

Description 

Epiclastic breccia. Clasts are 

__ S~ze _range _rrom 1cm to 50cm. _ 

Covered interval 

Epicla~nic breccia. Clast size 

range from 1cm to 2m. Dating sample 

15-le obtained from this unit, 

Covered interval 

Epiclastic breccia. Clasts are 

andesitic and basaltic in composition, 

Size range 1cm to 50cm. 

Covered interval - -

J --- ----- - -- -- -- --------- -------- --------- ---- --5-1- - ------ ----------------- ----- --------3 ------ --

) 

- -5--4-

19 _ 

89 

wea the ring, bre ccia t e d in pl a c es , 

- - - l5-- -- ---- -Bove-red- -in ter-va-l -

_JO __ S :uc_ce s s i ve-s _p i cl as_t i :c ~-~ __ -b_r_e_c_ci as -

- in large outcrop. - Clas ts show size ~ 

grading from coarse to fine, then ~ 

coarse again. Clast sizes range from 
- - - -- --- - - - - - -
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--~LEl\TLYON s-ECTION 

Height in Section 

(m) 

0 

Thickness 

(rn) 

4 

10 _ _ 4 -

14 
- ·-· ···-- ··-- ·----- - -

7.5 

21.5 16.5 

38 7.5 

Description 

Thinly bedded fine grained sandstone 

Covered _interv:al _ _____ _:_ __ ___ _ 

Interbedded coarse and fine grained 

- volc:an:tc--sands-tone. Poorly sorted. 

Massive, blocky andesite lava flow in 

sharp contact with underlying sandstone, 

Flow has phenocrysts of pyroxene , feldspar, 

and biotite. Crude columnar jointing. 

Medium grey andesite lava flow, blocky 

- - -- -- weathering, pyroxene phenocrys ts. 
- -

45.5 6 Partially covered ahaesitic · flow. 
----- - ----------- -s-r :-s-- ---- ------- --- -----y - --------- Covered interval - --- -- - --- --------

56 . 5 10 

66_._5 __ _ 30 -

96.5 4.5 

101 15 

116 6 

Par tially covered atidesitic fl ow . Very 

---weathered, -<lees no-t c-rop out:--w-ell. - - - ---- --

• Cove re_cl _J _n te_i val~- -

Partially cov-ered -aridesi-te lava flow. 

Covered interval 

Partially covered andesitic lava flow, 
--------122- - -------------------------------------- --- -- ---- ----- -- -- ---- -_ '------ - ----------------
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- APPENDIX - Ir - -- - --

PETROGRAPHIC DISCRIPTIONS 

Sample locations are given on Figures 3, 4, 5, and 6. 

Abbreviations: 

PLAG - plagioclase 

CPX - clinopyroxene 

OL - olivine 

BIO - bioti te 

AP - apatite 

-~ --------------------- -------- --------·- 0.? _ --opaques 

IDD - iddingsite 

)-=--=--~ ____ __ _____ __ ___ ---- =---=---=--=--=---=-- _____ ____ __: __ -DRTH ___ . o-r-thoclase--

CHL chlorite 

__ _ QTZ - quartz 

AC'.T _-:- _ ac_t-i_noLi te_ 

EP -- -epidote 

zo -- --_zoi-si te 

CARB - carbonate- --

-~- - - ~-._- ~ - - --- - ~ --- -♦- - _____ __ _____________ __ - - ~ -=----~-=~=~~ ~CEL-~~ =--ee1--a~-I1i~e~ _ _ _ _ _ 

--- - - --- -------- - -- ·pg :..:.· :palagoni·te 

GL - glass 

- - -· - -- - -- -- --

··- --- ----·-------· ---· ·--- ·---·---



- ..Jv -

11-1 BASALT 

D~SCRI?TIO~: Phenocrysts of olivine and clinopyroxene in plagioclase 

ground172ss. Clinopyroxene shows abundant twinning and zoning. 

Olivine is altering to iddingsite. Pyroxene also occurs in 

grcu~2~2ss. Ground~2ss is trachytic to pilotaxitic. 

- - - -- - -· - - - - -· ·- -- . - - - - - -

G::-2in size 2brevi2tions: E=2quigranul2r I=inequigranul2r Phenos/mtx 

Texti..:::-es: :::=euhedr2l S=sc1:ihedral A=anhe6r2l Sk=skelet2l R=rounded 

·-· 
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SECTION fj 11-li SI NTERED TUFF 

DESCRIPTION; Rock is mostly glass with clinopy roxene and plagioc1ase 

phenocrysts, and some basaltic fragments. Glass has in a great 

part altered to palagonite. Clinopyroxene phenocrysts inclose 

pockets of glass. Rock is very vesicular and not well indurated. 

- -. - -··----. - ···- -- - -----

Grain size abreviations: E=equigranular I=inequigranular Phenos/mtx 

Textures: E=euhedral S=suhhedral A=anhedral Sk=skeletal R=rounded 

GR.i.~ . s I z E ITlJ:l TEXTliRE 

_____ JL. -'-=-l--="-~P-L-A-.. G---+---5------=--+==E= O= . l===-=t====E====~r=:.====-=-===:-=-======-=====-===:::--::;:-:==-:=-::-, 

),__L--=---=2 ______ c_P_x_---_--_--_--_-_--_·- ~-1---··_--- _ -- _1s ______________ ____ _________ -+ ___________ -_r_- -_1 __ . s_J_o ___ ._s ___ -+-__ -__ s __ -_.A _____ --_- _
1
_J~---- --- -- _- _----_-_-·--_- _- _-_-_---·-_--_-- _- __ """1 

\ 

J 

3 

-1.J. __ 

s 
6 

7 

8 

9 . -

PLAG 

CPX 

OP 

GL 

PAL 

CARB 

QTZ 

OP 

PAL --

GL 

CARE 

QTZ 

2 

3 

J 
HISTORY:. 

• Primary 

I-

------- - - - - r. •• 

l -s~ c~~d~~;- -=-~--=cc· - · 

. I -· ----- -. -------.--. =---,·-=~, 
·;__ I 

_J 

. l 
I 

• 1 

• J 

I 
j 

I 

_ J __ 

DIAGRA"i: 



-) l.-

SECTION ff 12-2d ATXAU BASALT 

DESCRIPTIO~: Porphyritic, larger clinopyroxene crystals in a fine 

grained intergranular plagioclase-clinopyroxene-opaque groundmass. 

Rock also contains smaller olivine phenocrysts with well developed 

iddingsite and chlorite alteration.Clinopyroxene is twinned. 

------~~-~- ---------- -- - - --·--- ----- - - - - - -.- -- - .- . -. ------- - -- • ------ - - - - - ---~---- --- ------

Grain size abreviations: E=equigranular I=inequigranular Phenos/mtx 

Textures: E=euhedral S=subhedral A=anhedral Sk=skeletal R=rounded 
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SECTION ff 12-2e ANDESITE 

DESCRIPTION: Coarse grained andesite with phenocrysts of plagioclase 

and clinopyroxene. Clinopyroxene is highly altered to actinolite 

and some chlorite. Plagioclase is partially altered to epidote, 

zoisite and carbonate. Groundmass is holocrystalline plagioclase, 

--~~-'---· ---~ -rt-h-0-el-as-e -, -- -q-u-ar-t--z·-, --apa ti:-te and ---op-a-ques'; ~ --~-----~ ~= -- ------ --- ~--- - - --- .-,_ - ------ -

Grain size abreviations: E=equigranular I=inequigranular Phenos/mtx 

Textures: E=euhedral S=subhedral A=anhedral Sk=skeletal R=rounded 
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StCTION ff 15-le ANDESITE 

DESCRIPTION: Clinopyroxene, plagioclase and olivine phenocrysts 

which are partially chloritized. Clinopyroxene is glomeroporphy­

roblastic with opaques,plagioclase,and minor olivine. Groundrnass 

is fine grained, dark brown and composed of plagioclase, opaques 

---- ------- - -- --- - - - -_, _-,= a-cflcl-=e-l-@-uBy~ gl.as--9-.-- ~P~l--ag-i-G~l-a-S-e- p-h..eno,c-rys-t....s -.a rg_ .. .z-0:i=i.e.d ,- Some oJA .. -v-ine.~ ---- -­

=~--~·::.. --- __ ::_ - has comple --tely altered =to- -- chlori te .- --

Grain size abrevi2tions: E=equigranular I=inequigranular Pheuos/mtx 

Textures: E=euhedr2l S=subhedral A=2nhedral Sk=skeletal R=rounded 
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SECTIO~~ ff 15-lg ALTERED ANDESITE 

DESCRIPTION: Contains phenocrysts of plagioclase, clinopyroxene, 

and olivine that are highly altered. The plagioclase shows 

spectacular zoning. Olivine is altered to iddingsite. Celadonite 

and silica fill interstitial spaces. A small amount of pyrite 
. - -

· -·- ·· -- - -- - - ---- -- - i-s -visibre·- irr-hand ·· specimerr. - - ·- --- ·-· ·--- - ,-- ---- --- - -- · ------- -- -- -- -- · -- ----- --------- -- ----- -- -

\ 
) 

Grain size abreviations: E=equigranular I=inequigranular Phenos/mtx 

Textures: E=euhedral S=subhedral A=anhedral Sk=skeletal R=rounded 
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SECTION f.! 14 TRACHYBASALT 

DESCRIPTION: Ph f l d enocrysts o c ou y altered plagioclase , clinopyr oxene. 

and olivine in a holocrystalline groudrnass of apatite, plagioclase, 

biotite and , opaques. Olivine is partially altered to iddingsite. 

Biotite an~ clinopy roxene are partially altered to chlorite, 
---------- ---------------·· - ---· ·--= - - -- --•---------- - -------- - - --- -

actinolite, and carbonate. 

Grain size abrevi2tions: E=equigranular I=inequigranular Phenos/rntx 

Textures: E=euhedral S=subhedral A=anhedral Sk=skeletal R=rounded 
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SECTION ti 14-le ANDESITE (?) 

DESCRIPTION: Glo~eroporphyritic plagioclase, clin op yroxene, and olivine 

with a groundmass of plagioclase, orthoclase, and opaques. Olivine 

is almost completely altered to iddingsite. Clinopyroxene occasionally 

encloses plagioclase. 

--- --=---- - --------- ----------- - - - -- -- - --- - -----------:-::---- ~ -------- - -··-- __ -- - . ----- ---- --

I 
I 

Gr2in size abrevi2tions: E=equigranular I=in e quigranular Phe nos/mtx 

Te x tures: E=euh edral S=subhedral A=a nhedral Sk=skeletal R=rounded 

MODE % GR.i.~. SIZE mm TE XTURE 

-- __ jb::.'. -==~-=====~~~---+---~==--=t-===-===--==----==~~==-=-=-----==-;:=-=--=---=--=-~:::-:=::-=--::-::--:--=-~ 
PLAG 

1 

\ -- __ .2 __ __ CP_X _______ __ _______ _ 
I 

35 

15 _____ _ 

5 

-8 

I 2.7/0.1 E-A An 32 zoned 

_ __ E ____ Q. 9 __________ _ S-A 

E · 0.8 . _-J A 

~ E -- -0. 4- --S-A 

_______ ·t::-·· __:_- _.:::._5 _ ~:.:..:0--=-F-'-.::::TII:.::::::....- ---='-=4-==· -~5 =- ·=~=---~=---.:..:.__:_=-.:..__--t----==-___:_:,_--~~,,_,_= __,.....,,-:--:::-::::---=-~-----=-=~~---,----1 E 0 ·.2-. --S~A-

6 -op ·- 10 E 0.3 A-Sk -

i AP 2 E 0.1 - I E 

~ -- IDD 3 
-· 

_ ____ __ _ 9 ACT_ 2 --..T---------- - --

- HISTORY; 

-~=:. --=--- -·: c-:-- =- · -.----·.-..:·.:...=-=- ...: ···1 - --=-=-=-- -_ _ _ .:_--:_ 

Primary Secondary 
CPX 

OL 

BIO 

~ p 

l pj) ) 

IDD 

ACT 

I - ~ . 
-, --=:-_ 

I 
l 

. I -

I -
I 
j 
1-~ 

I 

DIAGRJ01: 



14-lh TRISTANITE 

~~c:c~-";:)--o"' 
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a holocrystalline groundmass of plagioclase, biotite, orthoclase, 
a nd opaques. Orthoclase encloses some plagioclase pheno crysts. 
Biotite and clinopyroxene have partially altered to chlorite and 
ac~inoli:e. Olivine is ri~~ed by clinopyroxene. Olivine is almost 
c c ~~letely altered to iddingsite. 
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- 60- GROUP TITLE- AND - REFERENCE SHEET 

CONTRIBUTOR'S NAME 
SH[lLA CdtLl.RGH/L-L 

CONTRIBUTION NUMBER 

GROUP TITLE (TOPICAL RESUME OF GROUP CONTENTS,72 CHARACTERS ONLY) 

GROUP LOCATION (THE MOST NORTHE~STERLY SAMPLE SITE RECORDED ON ANY 
SPECIMEN SHEET ATTACHED TO THIS GROUP) 

REF. NO.* 

i 
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-- -- · . ---
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* A NUMUER IN THE RANGE 1 - 10, BY WHICH THE REFERENCE IS TO BE CITED 0 
ALL SPECIMEN SHEETS ATTACHED TO THIS GROUP. (CONTINUE ON BACK OF 
SHEE.T IF NECESSARY.) 

*~ PLEASE USE CURRENT (1977) GEOL. SOC. AMER. FORMAT, E.G. 
CO~OLU,E .J ET KRUMME NACHER,D., 1967, PROBLEME~ G~□:HRONOMETRI9UES 

DANS LA PART!E N~ DE L'ANATOLE CENTRALE <TURGUIE): SCH~EI ZER. 
MrNrnAL . u. PETROG. MITT., v. 47, P. s.2s-B31. 
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RH plOOSJ~ VM PEROVS~JTE N? Af.E lTE 

NG. AL E ITE--OU CDC LASE RI orDPslDE-AUC!TE ui PsEuocBRDDKI~E 
(§) O:...JCOCLASE RJ CHRO~E-DlD?SlDE UJ RUT ILE 

NS DL l CDCL . -ANDESN. 
NT .-. "IDESlNE 
NV i;: ID St-1 . --LBRDRT. 
NV l_,<. !; R-AD(J;; l TE -
NI. U .: RDR'T . -DY11.JNT. 
NX EY,O'..J!>::TE 
NY BYTI-INi . -4NDl'.'!~!TE 
N2 A.N:JRTHJ TE 

N9 OTHER < ... DD IN BLOCK Cl 

FELDSPATHDID 
ANALCll"IE 
CANCRlNITE 

RK FENRO.-.UCITE 
RL HEPE.N!l ERC· I TE 
RM HlCH-"-L AI..ICJTE 
'lN Pl GEONITE 
RO SU S CALClC Alr-lTE 
RP Tl'TI-.N,.,UGlTE 

RO ALJ<.ALl PYROXENE 
RR ACMI,E 
RS 
RT 
RU 
RV 
Rio/ 

"'Cr-,ITE-010.CS!DE 
AE ClRH.iE. 
.-J: C l R: NE-AVCI,E 
"'-EClRll-E-DlDPSIOE 
0:-IP KACITE 

o ... 
OB 
DC 
OD 
OE 
oc 
DC: 

H,.,UYI-¢ RX SOPlC 
KALSlLlTE 
LEUCITE RY P ECTDLITE 
N~PHEl.lNE I<? lo/OLU, S'TDNlTE 
NOSE""' R 1 SPODvl"\ENE 

SlLIC ... CROUP 
VK CRlSTOBflLITE 
Lit. CRYPTOCRYST . 
Lil': ClUART2 
UN TRlDYl"llTE 

uo S? lNEL 
UP CHROMITE 
uo HERCYt,;lTE 
UR i"IACHEMITE 
LIS l'\,O,CNETITE 
UT PLEDNASTE 
w · TITANO:-\ACNETITE 

@) U\..VOSF !NEL l>.)( 

Of' AOUES, ORES 

L/9 OTHER tADD IN BLOCK Cl 
OH 
0] 

-- -- ----o.., -----;~~~~~: .. 
1.!~----- ---- ~ 9 - o T~R -1 ·A:OD ·-}-,,; !!LOCK7M- - ---="':::O:::N=-:::0:::l ::I:':D:':E:::S:::. = N= DN= -= S= lL:-:1'-:C::A=T:::E°-::S 

09 OTHER <AflD IN BLOCK Ol 

PHVl..LOSILTCflTES, DOVELE 
CHAlN SlLIC~TES, "ND 
A:-?. tU B □ -01.DS 

MlC"' 
B lDTITE 

C LEP lDOUT-

SC 
SD 

OLlVlNE 
FAYALITIC 

.FDRSTEP.lTIC 
l"tOh'TICELLITE 

59 OTHER <ADO lN BLOCK C:l 

CTJ:tER SIL TC•TES 

PO 
PE 

--c- ~ -P'F -

MVSCOVITE TA AU... ,._NITE 
Pi-iLDaOf'.UE _ ALLlr. INO-SlLlCATES 

- Pl. 
7;~!~~~;--~----- - - -~~----· ~ ~m--

PO CHLORITE TD srLLI ~ ITE 

_ - ~ Plj_ _ ~ E:; RP_Et-{JINE ~ - ~~=-r-~lNERALIS ) - -

-. _: ___ p 9 -01'HE:R -- ( ADD -IN-BLOC¥." Q.) ::=__ . TO CDRDlERlTE 

QA 
QB 
oc 
QO 
Q!' 
0£ 
-OF 

Al'l?HlBOLE 
- BA.SALTIC HNBLND . 

CVM."'\l NOTDNITE 
HDRNBLE;ND£ 
po.n?a.sd-e 

"1..XALl "-MPHIBCLE 
A=!FVEDSON I rt 

TH EPIPOTE 
Tl OAA l'IET 
T ..J ~ 1 Mt': 

_ T~ ~~DR.-.DlTE 
- TV C'R OSSU..AA 

Tl'I l"!ELANITE 
TN P'YR~E 

-~TO 6PESS"-RTI"-E 

\I" AP,.,TITE 
VB CARBONATE!Sl 
\JC CALCITE 
l,ID DOLOt-!ITE 
VE SlDERITE 

__ ____ _ VF __ F'LUDRITE __ _ . 
1,10 

U\.I 
VH 
I/ 
V..J 

l"\ON.o,ZJTE 
DPAouEs, oi:;Es 
N"'TlVE EL£MENT!Sl 

F t, TE( -
SUL:Fl DE I S l 

CHALCOPYRITE 
---- PVR-ITE 

PYRRHOTITE 

l"llNfR "'LDIDS 

CKLOROPKAEITE 
0LASS 
IDDINOSITE . 
LEUCOXENE 
PALACONITE 
5 I DER DMEL "NE -

\> ·• c.o\-·,\,e_ 

-- ~ -------Ji AAK-EV-l K-l:-U:-----­ ---"l:f- - HE) II ITT . --- - -::- -:- __ , 1.1 9._ CIHER. . !AD.D _ I.!i..Jl.LDCJL.C.) _ _ ______ _ • _ ____ _ __ _ ___ ______ ____ _ _ 

OH 
Ol 

KAST IN~ I TE 
-~--- IV.ER:;u-Jl TE .. 

~ - ADDllJONAL NOTES 

TO Tii lV-l lTE, S?H0E 
__ _ _______ Tit _J..QPJI\Z __ ___ ______ _ _ __ __ __ 



lA 
lB 
1C 
1D 

-62-

A Kcl\!)JNO JNFORKlo.TlDN 

ROCI'- NAME. A NDf'o I Tf" 

LOC4'T!ON 
L lo.TITVDE 

LONQJTL/DE 

~ ESSENT I AL OXIDES 

TI02 AL203 FE203 FEO 

CONTR I .l! IJT ~ •S k-0.."lt: 

SHEILA CH~R.C.HlLL 
CONTR !B UT 10"1 HO. 

CECX...OC IC lJNlT 

CARMPJCKS GROU-P 

REFERO.CE NO. 

1 

!"!NO r-.co CAO CO2 K2C- TOTAL 

O. /fo ?>.% 7.73 4 .;).9 f.41 0.33 o.7:2. loo.co 

:® [§Jle-------+-1---1 --1 -I --+-----II l~l ------+---1 --1 --4--1 ---------
. 2C 

• ii =~·~II _____._I ______ I ___..____I ~I l~I ___.___I ______ I __.___I _..___I• 
_._ ~--- --- - ... -21 ---- -----------·------------- -----·-- ---- ------- - ------------------ ------------ - - ------. -- - -- - - -------, 

~ 

. 3A sTF.1snoR "'-PH1c U -PP1::R C./<0"Ace:=-ou.. s REFB- ENcE HO.. 

._3B .. lSOTDP.JC .DR...PHY.SlCAL- --··- ····- - ·· - ... 

;1t1~~~µ2:~-l~ I ~ 
~ 3H 

3IE::. 

. 4A 

. 4B 
... 4C 

PETROCRAPHl C- ·D£SCR lPTORS ·- -

MDDE OF OCCURREl'tCE 
BN PYROCLASTIC 
BO RI~ DIii£ 
BP RCF.Y' l.A'vA 
BO SCORIA 
l!R SE CR EO.-.TlON 

AB M 11 S £ILL 
AC MlCLc»-ER.-.TE BT SP.-.TTER 

@et.OKEROPDRPH.. 
~ C HElSSIC 
EL CR"-NITIC • 
E" CR~YRlC 
£Ji CR,oJ,l\,Jl. lTIC 
EO CR.-.PHIC 
EP HDLOCRYST"'Li-IHE 

j 

- ··- ---· -··-·- ·- -- ··- - - ---·- - -·- - -··----.- . 4n- --~Sfr----- ···---;c-----:-------=,iv -:--srocK- - • - -- -·-- ···- - ·--- ··-e:cr HO .. :ORvALYN!a • • ··------
ER HYALINE: 

Ci VITREOUS 
CC VI T RDPHYRIC 
CD XENOCRYSTIC 

HY OTHER ( ,t,.DD IN BLOC"- Cl 

ST ATE OF P RESERV ... TION 

I A ..io 11'F-OR,..,...TlDN 

I 

.• .4E ~ ~~~H - --- · -·--=~~~~s 
. 4F 1,,/;; BLOCK LAVA BX SJBl'IARlNE 

• 4G ::; =~: =~ ~• 
·ES HYALOP!LITIC 
ET HYPDCRYST'-LLINE 
EV lNTERs:ERT"'-L 

--~FRESH - • 
"LiERED 

P SLICKTl.Y 
EV LAM?ROP KYRIC lE KODER"-iELY 

4H f.J BRECCI,._ CA TUFF BRECCIA DI LINE,..TEI> IF EXTENSI VELY 

4 I ~ ~~~~-ET ~~ ~~~IC E X P1ASSIIIE 
EY ~DIV11 l.J OTHER (ii.DD IN BLOCK ca 

k '1 PIKE CDYKE) CD llOI..C.C.."IJCLAST.lC- ·- --- :-,- _ _:__E.2 ctllD'IOCRYST~l 111£==--==-= 
~ DDl"1E -- ------ ·- CE \.c'ELDED TUFF • FA ~ICRDCRAPHlC TYPE OF ALTERATION 
l>CJ EX-TRVSIYE CF XE>O... lTii 
,._,, FLOW 

@)FL..0;.1 BRECCII, DP OTHER (ADP fN BLOCII, O> 
AA HYALDCLASTITE - -- - · -- 0~ -c-

AS HYPABYSSAL TEXTURE, STRUCTURE, 
,._T lCNIMBRITE CRAIN SIZE 
MJ lNTRl!SIVE 
AV 1N1RVSJIIE (INTRVSlONl 

BRECCIA 
A.I.I LACCO...lTH 
ii.I LAPILLI 
AY LAV,t, 
1-.J L,A.W, LAKE 
E~ LAYERED INTRUSION 
BB LOPDUTH 
BC NECK 
~D NVEE AADENTE 
JJE NDDLILE 
EF PAHDEHOE 
!lC PHACOLITH 
IH PILLO.., LAV"­
fl P lPE 
J;.J PLUC 
lit<- PLUTDN 
JiL PLUTDNlC 
B.'1 PlJT'\lCE 

DO ~ lNFORMTIDN 

DR "'-"1YCDULAA 
DS APHA.NITIC 
DT APHYRJC 
DU APLITJC 
PV B,A.NDEP 
DI.' COARSE 
ox CRYPTOCRYSTLN . 
DY Clr.'IUuHE 
D2 OEVITRlFIED 
Els PI SCR YST .&.LU NE 
E.B PO;_ERITIC 
EC EUCRYSiAc.LINE 
ED EOVlCR ,._ S/"JLAR 
EF FELSITJC 
EC FJN;:: 

@cL"-SSY 
E.l F~l,A.TEIJ 

f.= eu.~.:;,: r\ic. 
G,; '1;"': ~; :!._·,o..---~,-f'..-\ t 
~ P Q,.._,d_,on;np h 1c. 

Fl3 MJCROLJTIC 
FC MlCROPECl'\ATlTIC 
FI> l"llCROPOIKILITIC 
FE MlCROf'ORPHYRITIC 
FF NICRDSPHERULlTlC 
Ft;; l"IYRME:KITIC 
F'l"'I Df'Hl TIC 
Fl ORBICULAR 
t.J PECr-.ATITIC 
FK PERLITlC 
Fl:.. PHA.N:cRiiIC 
Fl"l PlLOT,A.XJTIC 
FN PLATY 
~ - POHOLITJC 
lU;/ PORPHYRITIC 
FQ PU1"11CEOVS 
FR RECRYSTALL12ED 
FS SCHl510SE 
FT SCDRJ.-.CEOVS 
FU SERI.-.TE 
FV SPKCRLT .. lTlC 
F\.I SPIN!FEI 
Fl SUBDPH! TIC 
FY Tl';,t,CHYTIC 
F1 v ... RID'~ITIC 
Cll. VESJCl.,l(_JIJ:i 

IL ,t.RCILLITIC 
ar::,; CHLOR 1T IC 
nf' P£UTERIC 
JO FENITIC 
IP HYDfl,',.iED 
l O HYDRDTHERl'\AL 
IR LE..,CH£0 
IS METAMORPHIC 
IT l"ICT ..,SC)K,t,.TJC 
IU 
IY 
IW 
II 
lY 
I 2 

O X l PA 1l ON 
,-!o.L..,CON IT lC 
PR OP YLITlC 
PVR lTIC 
S A.lJSSVR l 1 l C 
SER l ClTIC 

J"' S~ RP £NT !~!2 ED 
JB SlLlClFIC,.,lDN 
JC SOLFAT ..,RIC 

.JD ~E ... THEREP I 

.J.J OT HER t,t,.DD IN BLOCK Cl 

C.o,r~~ 1: ~\,c. 
t'~'"'"'•";- \ C.. 
..,. ,o,...\:~; ,. 

I 
I 
I 
I 



NA NO }IJFOR l"A T}Dt< 

FEL.DSPARS , FDJDS 

NB FELDSPAR 

NC 
ND 
NE 
"1F 
NC 
NH 
NI 
NJ 
OK 
NK 

NL 
NM 

. W4--

NO 
NP -
NO 

~ 
NT 
NV 
NV 
NW 
t-'X 
NY 
t;z 

ALKALI FELDSP AR 
AtJORTKOCL"-SE 
!'. -FELDSPAR 
MlCRDCLlNE 
MJ CRD"ERTH!TE 
OPTHDCLASE 
PER1Hl1E 

:,~:~~ti£ 
ANTJrERTHITE 

PLACJDCLASE 
N/\-PLACJOCLASE 
l1,TERl"\En. P t.:Ac :- . 
C,<,-PLAC l OCL"-SE 

. -ALBITE 
ALB l TE-ru._:l COCLi,SE 
DLJCD::L.A.SE 
OU co::L . -ANDESN. 
A!'l!.'ESlNE 
A tJ::lSN - L BRDRT _ 
LA!- RAD(Jf; lTE 
L p t:;)RT. -!lYTI-INT 

i Y71.J"-'i. -ANC>h T~ lTE 
ANCJRTt·C •E 

N9 OTHER !ADD lN BLOCK Cl 

DA FELDSPATHD!D 
OB ,r..NALCll'IE 
DC CANCRlNlTE 
OD KAU':'NE 
OE KALSJLITE 
OC- LEU~ITE 
OC 1-.:EFHELINE 
OH NOSEAN 

OJ K.A TDPHORJTE 
OK RlEBECKJTE 
OL 60D1C 

01'1 .,._ E N JCrv,TJTE 
ON CCSSYR!TE 
00 RKONITE 

09 OTHER (ADD JN BLOCll, Cl 

P YROXENES, PYROl[NOlDS. 
OLl\'Jt,E:S 

R.._ PYRO XENE 

RB ORTHOPYROXENE 
RC BROtH ITE 
RD 
RE 

RF -

~ 
Rl 
RJ 
RK 
RL 
RM 
RN 
RO 
RP 

RO 
RR 
RS 
RT 

ENSTATITE 
HYPERSTHENF. 

CL"TNOP YROXE~= -~ -- -- ------­

..,UC ITC: 
Dl_OPSlDE 
DlOPSlDE-AUC!TE 
CHROME-DlDPSlt>E 
FERROAVC ITE 
HEDENBERCI"'TE 
HlCH-AL AUClTE 
Pl CEONJTE 
SUBCALClC AUCITE 
Tl TAN_AVCl TE 

"-Lil.ALI PYROXENE 
ACrllTE 
ACl'IJ TE-DlOPSIDE 
AEClRlt,1£ 

RU AECIRlNE-AL>CITI: 
RV ..,EC!RlNZ-DlOPSIDE 
RI.I ~PHACITE 
JIUC SO:>IC 

RY PECTOL I TE 
RZ ~DUASTDNlTE 
Rl SPODUl"IENE 

TS TDUR MALJNE 
TT VESWlANITE 
TU 2EDL!TE!Sl 
TV CH-'s EAZ ITE 
Tl.I KE:UL ANDITE 
TX LAUMONTlTE 
TY NATRDLlTE 
TZ PHlLLlPSlTE 
Tl ZIRCON 
T2 ZOISITE 

T9 OTHER (ADD IN BLOCK C> 

DO DES 

UA ANATAS£ 
UB ERDOl<.!TE 
UC CASSITERITE 
UD CORUN DUM 
UE HEl">ATITE 

-l!F ·::..=;-_:_ lLf-"£,r j,;- ~ -------=·-.~--------~--- ---- ---·- --

UG Llr.DtHTE 
VH - PEROVS"'--l TE-
UI P SEUDCEROO!l-lTE 
UJ RUTlLE 

SlLlCA CPOVP 
Lt¥. CRIS TO!l A!...ITE 
UL CRYPTOCRYST. 
ur: 0UAKT2 
UN TRIDYM!TE 

uo S?I"1EL 
UP CHROr-i!TE 
VO HERCYr-ITE 
UR l'IACHEMlTE 
us ,-...cNETITE 
UT PLEONASTE 
w - TITANOMACNETlTE 

t>-, c.0-\--)·1-e. 

~ 
VLVOSPlNEL v..x 

OP .-. OuES, ORES 

u<, OTHER (ADD lN DLOCK Cl 

01 PSEUD::JLEUCITE 
--· o"J- - - - S tiD...:...lTE -- -- - R

9 
__ DTH£R IADD HI BLOCK O) _ NON-OXIDES, NDN-SlLlCATES --- --~-- - - -- ------- _ _ __ _ _ _ 

\ 

)- --

09 OTHER CA~D IN BLC"CK Cl 

PHYLLOSJL!C/\TES, DGUBLE 
CHAlN SJLJC1,TES, AND 
AM?HIBO ~ OJDS - ---- - ----- --

r'IICA 
B lOTl TE 

P C LEPl DOLl T E 
FD KVSCOVJTE 
PE PHLOCDPITE 

:---- - P""F - St'.Rl-CIT£ ___ -

J.l_ p~..,--e>.~Cl";r\-e 
(!__£J} _ Cl-!'~ORITE 

. ..P.H.. _ ' _ 6E R~ENU.N£. 

P9 Oil-ER (ADD lN BLOCK 0) 

SA 
SB 
SC 
SD 

OLIVINE 
FAYALlTJC 
FORSTER] TlC 

MONTI CELLl TE 

$9 OTHER 1"'1lD IN BLOC:X. C) 

QTKER SJUC ATES 

T" ALLANITE 
ALVMINO-SlLlCATES 

TS ANDALUSITE 
TC KY.,.NITE 
TD . SILLIM"-NITE 
TE - -BERYL. - ---
TF CLAY H!NcRAL<Sl 
TC CORDIER I TE 
TH EPIDOTE 

OA .,._l"!PHlBDLE Tl CAANET 
QB BASALTIC HNBLND. TJ -'L,M,A,NDlNE 
OC Cl.m:,JNCTDNITE TK ANOR..,DITE 
OD HORNBL.f;"'DE TL CR OSSULAR 
Q~ f~Y~~St't"e T~ MELANI TE 
OE ALJ(.~I ,._MPHIBOLE TN l"YRQPE 
-OF AAFVEDSDNlTE TO SPESSAATI~ -

-- ---- -- - -----00------Bi'<RKE--Vl·JoC.·IT·E- ·- ---- -- ------ --,p-- - ~EtlLlTE 
OH KASTl,-.CSITE TO TIT ,a.N ITE, S?t-ENE 

--G--l - - - ----!<.AE-R :;tJTlTE "fR -- -T-OP"Z 

C . ,._DD lTlDNAl NOTES 

) 

VA 
VB 
vc 
VD 
VE 

AP ... TITE 
CARBONATE IS) 

c ... u:ITE 
DOLOMITE 
SIDER !TE 

-VF · - ---FLUOR I TE - __ _ __:_-:::_ __ ::-.:_ :._ 

YO l"\ON"-Z IT£ 
V.., OPAOVES, ORES 
\IH 
Vl 
VJ 

NAT IVE E.LEl'\ENT ( Sl 
SVLF"t'TE CS> ­
SLILFIDE!Sl 

11K CKALCOPYRITE ·- ve --· PYRITE 

PYRRHOT ITE 

--\/9 OTHER ( A DD IN -BL-OCK O> -

~I NE RALO!DS --

CHLOROPKAElTE 
CLASS 
IDDINCSITE 
LEUCOXENE 
PAL ACONITE 
S l DER 01",t:..L-'N( 



1A 
1B 
1C 
1D 

- 63-

1-. K: ADJNO JNFOl'l KA TION 

ROCK NAM£ "iP-AC.H'iBAS.AL-r" 

LOC ATION 
LATITUDE 

~!TVPE 

B ESSEIITI~ OXIDES 

5102 Tl 0:2 Af_;?OJ F£2u:3 FED M.NO 

. 13 

COh'TRlB IJTDR '6 N"ME 

S \-r~IU\ Cr\URC.H)LL 
CONTR IB IJT l ON MO , 

CECX...OCJC VH IT 

CA~hAGKS 6 1<ou-P 

REFERENCE ~-

1 

K2tJ 

3 .93 4.17 ~.71 5.-n O.(oO 

- ---- -- -- ---- - --------- -- - __ - --- -------·-

[D0 - 00 

:®~I I I 11 I I I I I 11 I 
. 2C 

:i~==I I ==I ==I ==I ==I l==I ==l==I ==I==' 
------- ----- .. -2-I··----------------- -- • ------------ - --------·--· 

~ UPPE:R CRE1AC..f"OV,,S 

. 3A STl,ATJOR"-PH]C REFERENCE NO . 

·•··-, 38 -~ ·- · - l SVTOP l C DR- -P--rn'S I.CA.L ---

~~-i t~~~f----'-'-- B ~ ;~::~~ -__ -_ -- - ---;--l -Ir--- ------t--1---1- -

. 3H" -

. 3 I E. PETRQCR,1..PHI c DESCR 1 PT ORS 

.. 4A 

.. 4B 

.. 4C 

ER\JPTIY£ TYPE, 
MOD£ OF OCCLJRREt-tCE 

~M 
N:. .-..o&~ATE 

---·::-~ ~ --- --- • 

, 4E --~ -~~i"'nr- -
. 4F M- JILDCK LAV,t,. 

. 4G ~ !~ 
4H ~ BRECCIA 

4I ~ ~~~~ 
"'-'1 I)JKE__(_I)}'Kf:_~ =c_ 

i&.N DOME 
AD EXTRUS~ 
N" FLOW 

13N PYROCLASTIC 
BO RINO .Dll'.E 
BP ROPY- LAVA 
BO SCORJ;. 
if! SECREC,.,TlOO 
BS sru. 
BT SPATTER 

• 71u-· STOC1t.- - -- - ----

sv SI.JB.-.ERJM. 
- ~W SVB"'°'-1£0VS 

BX SVBKARINE 
BY TEPHRA 
EZ TUFF 
CA TL!FF BRECCJ;. 
C'S VEIN · 
CC YOLC-'NJC 

- - · - . . _,CD_ VOL.C..-.NICLA.sTl.C .. _ __ C_E_ ~ _ TUFF-

CF XENU..!TH 

EJ CL~RDPDRPH. 
E)(. CNElS.SlC 
El. CR~JTIC 
EH CR~HYRIC 
DI CR ,'J,IUL l Tl C 
ED CR.-..?HlC 

Cii \IITREOVS 
OC VI T RoPHYRIC 
CO XENOCRYSTlC 

HY OTHER ("-DD IN BLOC"' C) 

Q) HOLOCRYST4LLIN£ ST"'-TE OF PRESERV ... TIOH 
··-- - E&---HOL-oHYA!::-1-NE-- - --- - ----- - - ----- - --- --- ------ --- - - ·-

ER HYALlNE lA NC I NFORH.ATJOH 
ES -HYALOPlLlTlC --- - ___ I.B F.8ESH _ ___ ____ __ _ _ 
IT HYPOCRYSTALLINE @ "1.. TEREJ) 
EV JNTE.RSERT"1.. @ SLl~Y 
EV LAMPROPHYRlC IE MODcRATELY 
EW LlNEATED IF EXTENSIVELY 
EX l"IASSIVE 
EY l"IE..DIUl'I lJ OTHER <"'-llO IN BLOCK C> 
EI MlCROCRYST"LLlHE 

- - f .,t,. MlCROCRAPHIC - ----- -- - -- fyp·E OF AL TER..,TlON 

F8 MJCROL!TJC 
l"- NO l~DRMTION 

l't(J FLCJf,,I BRECCIA DP OTHER < -'DD fN BLOCK C) 

FC MICROPECrv>.TlTIC 
FD HICROPD!KILITIC 

AA -HYAI_OCL...STITE- ~ -. -
"5 HYPABYSS& 
AT lCl-llr<..BRITE 
M.J JNTRV$JVE 
AV INTRUSIVE < INTRUSlONl 

BRECCJA 
~ LACCDLITH 
AX LIV'lLLl 

(AY'}LAVA 
);;'f LAVA L,&,KE 
BA LAYERED INTRUSION 
BB LOPDLITH 
l!C NECK 
BD t-N:EE AR DENTE 
EE NCDULE 
BF PAHOEHOE 
!:IC Pr<,<.CDLlTH 
BH P lLL();.I LAV" 
Ill PIPE 
BJ PLVC 
BK PLUlON 
BL PLUTONIC 
B1' ,- UMJCE 

TEXTURE, - STRUCTURE, 
CR'"-IN SIZE 

PO NO lNF'DRMTION 

DR "-MYCDULAA 
OS "-PHANJTIC 
DT APHYRIC 
DU APUTlC 
DV .,..,NDED 
DU COARSE 
PX CRYPlOCRYSTLN 
DY CUM\JI_A TE 
oz P£VlTRlFIED 
E" 0 I SCR YST ,._LL! NE 
EB OOL£RJTIC 
EC EUC R YST "'LL l NE: 
ED EOUl CRAN'JL,._R 
EF FELS lT IC 
EC FINE 
EH CL,..SSY 
El FOLI ATED 

~ ev.~ ~ ic. 
~ n""~,c;-,o,,.,..o,..fk, t. 
~ po,•(\ ,6-,0l'T\l'r?~.-,C. 

FE MICROPORPKYRITIC -- - ­
FF MlCROSPKERULlTlC 
FO MYR~KITIC 
FH OPHITIC 
Fl DREICULAA 
FJ PECl">ATITIC 
FK PERLITIC 
FL PKANERITIC 
Fr, PJLOTAXITJC 
FN PLATY 
FO PDIKlLITIC 

CE£) PORPHYRITIC 
FO PV:--.ICEOVS 
FR RECRYSTALLIZED 
FS SCKlSTOSE 
FT SC □fil"'CEOUS 

FU SER J.-.TE 
FV SPKERUL.lTlC 
FW SPJNlFEX 
FX SUEDPHlTIC 
FY TF;ACHYTIC 
n VAAIOLlTlC 

c" VESIC\Jl.,&,R 

IL ARC:-lLLITlC 
Ir, CHLORlTlC 
IN DEUTERIC 
IO FENITIC 
lf' HYDRATEO 
10 KYDRO'TKEAP"V.L 
lR LEACl-'.ED 
IS l"IET.-.:-10RPHIC 
IT MET ,.,SON-.T!C 
lU OXIDATION 
lV P " L A.(;·ON!i!C 
I~ PRD"'YLITIC 
ll PYRlTIC 
IY S AVSSURITIC 
ll ~R!ClTIC 
.J"' S:C:RPENTINlZEO 
,JI! SlL IC l FI CATI ON 
JC SOLi' .-.TAR JC 
.JO 1./E,-T HERED 

.J.J OTHER IADD JN BLOCK Cl 

J£ C..a.rbo no.+,c. 
Jf p~ ·..._.,... ·,v.c. 
j<;, "Z.~\i.\-'H: .. 



F . MINERAL ASSEMBLACE 

"'-" NO J N:" ORMATlON 

FELDSPAP.S. FOJDS 

NB 

NC 
ND 
NE 
NF 
NC 
NH 
Nl 
NJ 
O'K 
NK 

I>.'!'\ 
. NN- ·-·. 

NO 
NP 
NO 

~ 
P.'T 
HV _w 
N'.J 
t-X 
NY 
NZ 

f'ELDSPAA 

ALKALI FEL-DSPAR 
ANDRTKD•:LASE: 
K-FEL..DSPAR 
MJCROCLINE 
l"I J CROP ER TrilTE 
ORTHOCLASE 
PERTHlTE 
SM:!DlNE 
0..\5,-\--~ 

ANi H ' ERTHITE 

PLA.' J DCLASE 
NI\-PLAC l OC L.O.SE 
l~H ER:-1E-D:- -f't:Ae . --~~ -
C ,._ -P LACJ OCL ASE 
Alli l1E __ . 
ALBJTE-0!._JCOCLASE 
OLIC DCLASE 
OL l COCL. -ANDESN . 
A~'!:'ESINE 
A t,'D SN -LERDRT. 
L"'BF.t..DUF..JTE 
L B,;r,;n. -B YTl->NT. 
BYTO'.JN,TE 
BYT~NT. -ANORTH!TE 
A NORTHlTE 

~ OTHER (ADD ?N BLOCK en 

°"' OB 
DC 
00 
OE 
QC 
0~ 
OH 
OI 

FELI>SPATHDlD 
AN.<.LC!ME 
C ,._NCRlNITE 
HAUYN:: 
"-"LSI LITE 
u:uCITE 
N,PHE:LINE 
NOSEAN 
P SEUDD'-EUC ITE 

QJ K"TDPHORITE 
OK RIEBECKITE 
OL SODlC 

01' AENlCl"IA1ITE 
ON CCSSYRITE 
GD AKONI TE 

09 OTHER <ADD IN BLOCK Ql 

PYRDXEt~ES, PYR DXENOlDS , 

~ 

PYROXENE 

DRTHOPYRO'l'.ENE: 
BF.OtJZ l TE 
ENSTATlTE 

TS TOURP,AllNE 
TT VESWlANlTE 
TU ZEOLITE l S > 
TV CHA:'AZ!TE 
TW HEULANDlTE 
n LA'J!"IONTITE 
TY !'.ATR DLITE 
T2 PHILL!PSlTE 
T1 ZIRCON 
T2 2 0!SlTE 

l 9 OTHER <.o.DD lN BLOCK C) 

UA 
Ull 
UC 

RA 

RB 
RC 
RO 
RE HYPERSTHENF. UO 

ANAT"-SE 
EROOKI,E 
CASSlTER!TE 
CD.<HJNDVM 
HEl'"\A1 !TE 

--~-~--RF--

@ 
_ RH 

RI . 

RJ 
AK 
RL 
RM 
RN 
RD 
RP 

RO 
RR 
RS 
RT 
RU 
RV 
Rlol 
RX 

RV 
RZ 
Rl 

VE 
- (':'C-'J-filOP'r'Rtlff-NE". - ~ · -- --- -"-- ·- -VF 

A•JCI TI:: 
DIDPSlDE _ 
0 ·1 OP.SI DE-AUCITF. 
CHROME-DlDPSIDE: 
FERROAUClTE 
HEDEN!lERCITE 
HlCH-Al AUCITE 
FICEDNITE . 
SURCALClC A~ITE 
Tl1ANA\.JClTE 

ALKALl PYROXENE 
ACMITE 
ACMlTE-DIDPSlDE 
AE C l R lt,1£ 
t'-ECIRINE-AUCITE 
AE ClRlNE-DlOPSIDE 
O~FHAClTE 
SODlC 

PECTDLlTE 

uo 
UH 
ur 
UJ 

IN. 
UL 
VI": 
VN 

uo 
UP 
VO 
UR 
us 
UT 
vu 
vv 

@> 

- }L..,..,E,_1 T-e:-~--.=c. 
LlM:::ltHTE 
PEROVS11,.ITE 
P SEUDGBROOK !TE" -- • 
RU1ILE 

SILIC A CROVP 
CRlSTDllAl.ITE 
CRVP10CRYST . 
OUARTZ 
TRIDYM:TE 

SP lNEL 
CHROMITE 
HERCYh:JTE 
MACHE.MITE 
l"'AC:NETITE 
PLEONASTE 

· TIT ANOr",ACNET I TE 
ULIX.!SFlNEL LU( 

Of> " OUES, ORES 

l.'Cl.LA51DNIT"E 
SPCDUMENE 

U9 OTt-,ul (ADO IN BLOCK Cl 

NON-OXIDE S, NON-S!LlCATES 
---· a;;, -- - ··-sODA.L:~-- -·- ·- -~ - ----"""R9-oTP.E"R "·-(A-rJD "-n-l ,n::DCK -er,-----

09 OTHER ( ADD IN BLOCK Q > 

FHYLLOSIL1CATES, DuUBL-E 
CHAJN SILICATES, AND 

·-· - --~.?-tHBO.:..OlDS. ____ _ 

~ l"IICA 
~ BJOTrTE 
r~ LE IDOL E 
PD l"rv~COVJ iE 
PE F'HLOCOPITE 

® 
SB 
SC 
SD 

OLIVINE 
F AY ALlTIC 
FORSTER I TIC 

MDNTJCELLITE 

S9 OTHER <ADD IN BLOCK Cl 

OTHER S!UC.l,TES 

TA _ ALLANlTE 
ALUl"\IND-SlLlCATES 

- PF"- S::RTCITf:" --· 
fl. p ... -r ... ~ot'·Tte 

-- :_-_ _--:- ----,-s · --=-=--~ND;i.,CUSD'F:°_ -~ _ - · 

TC 11-Y-'NITE 
@ Cl-<L.ORITE 
f.J-1_ ' __ 6.E;:R i:ENT_l NE ~ 

TD SlLllM,r,J,IITE 
- J°i" - B_E~YL _~ • 

TF • CLAY MH,:ERAL<S) 
P9 OTHER (ADD IN BLOCK Cl -- - - --'.T-C --- COROIERl-TE---

OB 
oc 
00 
Q~ 
0£ 
OF -

,,!'IPHIBOL.E 
BASAl.. TlC HNELNP. 
Cl./Ml"IJNCTONlTI: 
KORNBLE;NDE 
po.rc,o.s1~ 

AUVJ..I .v-tf>KIBCILE 
"'-.'lF\1£DSONlTE 

TH EPlDOTE • 
TI CAANET 
TJ .-.LMA-NDINE 
TK ,._NDRADITE 
TL CROSSUL,._R 
"f1'1 1'1£LANITE 
TN P'YRO"E 

• T-0 - SPESS.4.RTIHE 

@ AF ... TITE 
VB CARBONATEfSI 
VC CALCl TE 
VO DOLOrllTE 
VE SlPERITE 
\IF_ ... FLU081TE ____ _ 
VC MDN,..ZITE 
VI-I OPAQUES, ORES 
\M NATl\lE ELEl"IENTCSI 
Vl 
VJ 

SVLFr,TE SJ 
SULFJDE<Sl 

CHALCDPYRITE 
-·p-vRITE 

FYRRHDTITE 

M!NER ALO!D5 

CKL.ORDPKAS ITE 
OL ASS 
lDOINOSITE 
LEUCOXENE 
l' Al.,.CDNITE 
SIDERO."IELANE 

t;>i c.o\-),,e_ 

·-·-·------· --~ -- - ... -a+.AAEN·i ·Ki-TE-------­ ~TP-- - -~Elaal-L+Ti:------- - · - ---=---- - W~ -OTW;!'I- (A00 -- 1-N ll-l.~ CH---, . - -- - ---· · -- - -- -- · ·- - ·- .--- - - ---------- -

) 

OH 
.. a.I 

kASTl NOS ITE 
~A£?. 3UT.ITE. . 

C . ADDITlONAL NOTES 

TO TIT.-.NITE, SPHENE 
-- - . . '.TR TO£AZ . _ _ _____ __ _ 



1A 
1B 
1C 
1D 
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6- H£-'.DHIO l ~OP.KA-TlON 

ROCK HAM::. IP-\STON l T€ 

Loc.-.nOt-1 
LATlTVDE 

LCWQrTUDE 

, EESEliTl"-1.. OX IDES 

6102 Tl02 AL203 FE203 

%.93 o.90 1<,,.Uo h-9'--I 

C. TR ... CE EL.El"l£1-{T5 OR COM? ONEh'TS 

FED 

C C>CTR l !I VTClfl 'S ~ 

S l--![ILA C.HUf<C\1 ILL 

CDNTRIJ! VT lOf,/ Kl. 

CEcx....DQl C UNIT 

6. RoU-.? 
REFERENCE NO. 

1 

"'20 CO2 t--QO♦ f,QO- I TOTAL 

o.\l '3.18 4.74 4:w s.O0 osq 0.17 \OD.GO 

I I I I I I 1- - I I I I 

I -

: : ® [§l 1---------+--I I --+-I --t---1 --,---I -----r--1 t----------1-1 1------t-l ~I --+--1 -----+---I 
. 2C 

~i[§ll== l==I ==I ==I ==l~l~l==I==! ==I ==I! 
_ ··- -··- -· .----------------- ·-· 21 

. 3A 

. 3B 
-- ----- - --·-- - ---- -- - ---- - - - -~3C 

. 3D 

·® 
.. 3F 

.3G-

---~---~-38 

! SOTOf'lC OR PKYSlCAL 

YE.AAS 

HETl<JD 

MTERlAL 
-· · 
flEF. HO. I 

3 I E . PETRO"-RA?Hl C DESCRIPTORS 

.. 4A 

.. 4B 

ERUPTIVE TYPE, 
MODE OF OCCVRREWCE 

M NO It-FORM Tl OH 

BN PYROCLASTIC E.1 CLD:-£:ROPORPH. 
BO Rlt-10 DIKE EX CNEISSIC 
BP ROPY- LAV,._ El. CRMI TIC 
BO SCORIA EM CR,t.NDPHYRlC 
BR SE~ECATlC>l £H CRANUL.JTIC 

Olil VITREOUS 
CC VI TRD!'"KYllJC 
CO XENOCRYSTlC 

HY On-ER (-"'DO JN BLOCK C l 

.. @ All M J!S SILL EO C"RiV'HIC 
,-.C MOLCrERATE l!T SPATTER @ KDLOCRYST...U.. INE " ST"TE OF f'R ES.EJ'lVATlOH 

--~-- _. _ ________ _________ ~ - --- .-.-4-0----AD--ASH--- - - --- -· , __ - ---- - -- 'BU-- STOCll.----- - -- - -- --,---- - - E~+l::ll::.OH'rALI"NE ____ . -- • 

• 4E i ~;;_r:;}L __ , __ =~-~~ ~ :~~~IT-J<:- - i ·-~E!~~T_ION~ 
; 4.F Ar:J )LOCK LAVA BX SVBl'IARINE ET HYPDCRYSTALLlNE ALTERED 

.. 4G ~ =~ =~ ~~A ~ ~~:~"ic IE ~~~~v 
, 4H ,._., BRECCJA CA TVFF BRECCIA EIJ LlNEATED lF EXTE~IVELY 

• 41 ~ ~~~ ~~ ~~IC ~~ ~;~VE 
...X DlK£ (PY~) CD VOLCANICLASTIC . EZ t'llCROCR'rSTALLIPE ----=~ 0· -..::- - ----- - AA'· I>OriE ·-:- - .- ·· --::: - - · --::: ..:: -=-=-=---:- . · CE -~ TUFF F-A l"llCR~APHlC 

AO E XTRLJSIIIE CF .XE>Q..JTH FB MICROLITIC 
,.,,. FLOIJ FC t'llCRDPECrvt.TlTJC 
M FU),,I BRECCIA Of> OTt-E:R (ADP fN BLOCK C:> FD l'IICROPOill:lLITlC 

-- • • --- - - - - -· ---- - • - ·- : ~~~~lTE - TEXTURE, !;TRl>CTURE, ~ ~~~=:~~~~i~~~ 
AT JCNll"IBRITE CRAJN SIZE FO MYRME.KITIC 
1W ll'ITRLJSl\lE FH OPHITlC 
AV IN1RUSIVE <INTRUSION) 00 NO lNFORt'\ATION FI ORBICULAA 

BRECCJA F.J PECr-v-.TJTlC 
~ LACCDLJTH DR ~YCDVLAA FK PERLITlC 
AX L.._..lLLl OS APH,.V,/JTIC FL PKANERITIC 

~ 
L-'VA DT "P HYRlC Fl"I PILOTAXlTIC 
LAVA LAKE DU Af'LITIC FN PLATY 

.B LAYERED INTRUSION DV llANDal ~ POIKlLITlC 
i 2 LOPDL.ITH D~ COARSE PORPHYRITIC 
.BC N£CK PVMJCEOVS DX CRYPTOCRYSTLN . 
!D NVEE k RDENTE FR RECRYST.&.LLIZED DY CUM\JLATE 
J E N~D\JLE FS SCHISTOSE DZ DEVlTRIFlED 
.BF P AHDEHOE FT SCOR!,..CEOUS EA DI SCR YSTALLINE 
.BO PKAC~lTH 
.BH P lLLOl-1 LAVA 
.BI 1" lPE 
.B.J PLUC 
BK f>LVTDN 
EL PLUTONIC 
i l"I PVM ICE 

EB DOLER IT l C 
EC EUCRYSTALLlNE 
ED EOUl~R ... NVLAR 
£1= fE LSlTIC 
EC Fl"IE 
EH CLASSY 
El FDLlATEO 

~ e-""'~.:;xi-\ i C. 

~ \.\"'. ~; d_\o,...,._e,-.'fl..,·, c. 
G,-{, _Y'.o.·n '~'?."."'.:-ht'h:1~ 

F"U S£RlATE 
fV SPKCRULITIC 
Fl,/ S? lNlFEX 
fl SUBOPHITIC 
FY TR.O.CHYTlC 
F2 V,._RIOLITIC 
CA VESICULAR 

l.J OTHER ( A.OD lN BLOCK C : 
- - ----

TYPE OF ALTERATION 

IL ARCILL!'rIC 
11'1 CHLDRlTlC 
lN. P£VTERIC 
10 FENlTlC 
IP 1-!YDR .... TEl) 
lQ 1-fYDROTHE:Rl"IAJ.. 
111 \.£ACHED 
15 l'\ET Al"IDRPl-!lC 
lT l"\ET"'SOrv..TlC 
1u ox1D.-.11DN 
lV f'"-LACONlTlC 
JI.I PROPVLlTlC 
:X PYRITJC 
l V S AVSSUR IT IC 
I2 SDUClTlC 
JA SERP£~Tl~l2EC 
~i SlLlCltlC " Tl()r,j 
JC SQ;__l'AiARlC 
.!P l.iEATHf:RED 

JJ CT~~ (ADO JN BLOCK C 

JE Ca.r-bo no..+,c. 
J• p~'nn",~\t. 
j(':, --z.. e.1)\ ;~\c 



F . M JIJC:R'-!.. A~c;f M!!LACE 

>-IA NO l NFORr-,A Tl ON 

fE '...PS" Af,(5. FOlDS 

t.E FELDSPAR 

~ "-l.KALI FELDSPAR 
ND AtJORTHOCLASE 
NS K-FEUlSPAR 
Ni= Ml CRDCLl NE 

~ 
MlCROP£RiHITE 
ORT HOC LASE 
PERT HITE 

NJ 51-.N!DJNE 
0)( o..\};,.lr~ 

N"- ANilrERTHlTE 

N'c. PLACJOCLASE 
NM . NA-P LAC J OCLASE 

QJ KAT DPHORl"TE 
OK RlEBECKlTE 
CIL SODIC 

01'1 AENlCl'IATl"TE 
ON CCSSYRlT£ 
on RKONliE 

09 DiHER CADD IN BLOCK 

PYRO XEt~ES, PYROXENDl DS. 

~ 

RA PYROXENE 

RB ORTHOPYROXENE 
RC E RO:.Z lTE 
RD ENSTATITE 
RE HYPERS THENF.: 

Cl 

TS T OVRMAf-JNE 
TT VE SVVJAN]TE 
TU :ZEOUTE<S) 
'TV CHAEAZITE 
TW KEVL ANDJT£ 
TX LAVMONTlTE 
TY NATROL lTE 
TZ PHILLJPSITE 
Tl ZIRCON 
T:2 20ISITE 

T9 OTHER <ADD IN BLOCK Cl 

ANA,ASE 
BROOK.IT£ 
CASSJTE!;lTE 
CORVNDUM 
HEKATlTE 

~~-~ - -- --------=.,,.- - --jrTTi'.:R-:-IED~-·PLAV. ___ ___ • __ -- • RF · _.,.. __ C-1:-lNOPYRO tENE--~ -- -=~0 ~ 

"10 C,'.-PLAC I DCLASE @ AVCJTI:. 

UA 
Ul3 
UC 
UD 
UE 
UF - ­
uc 
UH 
Ul 
UJ 

- It nEN-1-T-E -- -· =--­
L l nONlTE 
PEROVS~,lTE 
PSEUDC..ilR OOKITE 
RUTILE 

-- }:J;_ ·-- - ~.LEITE---- -- -RH DlOPSlDE 
• • ~ • ALFlTE-OL.ICOCLASE .Rf • - O!OPSlbE-AUClTE 

N11 ()l_ JCOC'...ASE RJ Ci-iROMi;-DIOPSJDE 
NS OL l COCL . -AND:cSN. RK FERROAUCITE 
~'T A'lt:'ESlNE RL. HEDENBERClTE SlLIC " CROUP 

~ _ ANDSN . -LBRDRT. RM HJ CH-AL AU!;ITE VK _C:R_ ! STOllAt,_I_TE 

NV LA BRADCJFs lTE RN FlCEONITE UL CRYPTOCRYST . 

h"-1 L!3Rf•R T . -!lYT1-1t,,'T . RO SUPCALClC AUCITE vr: GUART2 

NX EYTO-..JN;TE RP TlT"-NAUClTE UN TRIOYMJTE 

NY BYTWNT . -ANORTHITE 
1~2 ANORTHlTE RQ AL~.1>.Ll PYROXENE uo SPlNEL 

RR ACMITE UP CH'< OMlTE 
f'(9 OTHER (ADD IN BLOCK en RS ... cr:i TE-Dl OPSlOE uo HERCYNlTE 

IH "'ECI R lNE UR l'l"CHEr".JTE 

°" fELDSPATHOlD RU AECJRINE-AVCITE vs l"\ACt;ETlTE 

OB Ar. A.LCJl"IE RV AEClRlNi;-DlDPSIDE UT PLEO t-.; ASTE 

oc CANCRINlTE 
DD HAW.NE 
OE KALSIUTE 
occ LEUC !TE 

UV iITANOr\ACNETITE 

@), ULVCJSF lNEL v.x 
Of' "OUES, ORES 

RIJ Q:-;PKACITE 
RX SDDIC 

RY PECTOLITE 
DC N~PKt:.c.lNE RZ IJOLLASTONl TE U9 OTHER (ADO lN nLDCK Cl 

OH NOSEAN Rl SPODUl"1EN.E 
OJ PSEUDOLEUCITE 

- -- ---- OJ - - SODALJTE ---··----
NON-OXIDES. NON-SlLlCATES 

--if'tOTFi£R-·o,c1;,.,- ·au:,cR- oT ---- ------··-- - - - - --- - - -···· ·-- -·-

~ AP'"-TITE 

09 OTHER (ADD IN BL-OCK Q) 

PHYLLOSlllCATES , DOUBLE 
CHA]N SJL]CATES, AND 

cw 
SC 
SD 

OLJV:NE 1'(° CARBONATE IS) 
FAYAL IT IC VC CALCITE 
FORSTERlTlC VO DOLOl"llTE 

l'IDNT l CELLl TE _ VE SI DER lTE \ ___ _ 
I 

···--·'"- :-".?H-JllG\c. GJDS ·- -· -- --·-----·-· -- --- .... - -·-- --- _-··-------·-·--·~VF ... FLUOR IIE. 

PA 

-cw 
PO 
FE 

- · --- • H - - ----· . PF-
n. 

-~ 

r11c.., 
BIOTITE 
LEPIDOLITE 
l'WSCOVlTE 
PKLDCOPITE 

- - SER-ICITE - -
• fl "-T<>-<l;."P·tte 

CHL0Rl3E 
SER i" ENT-1.1>1£. 

1''¥ OTHER ( ADD l N BLOCK Q l 

OA Al"I PH l BOLE 
~l! BAS"-LTIC HNBLND . 
OC Cl.Jr:MlNOTONITE 
0~ HDRNB~~E 
QI' po.n,o.s ,-re 
OE A!J(_ol'J...l Al'lf'Hll!OLE 
OF - ARF\1£DSONlTE 

S9 OTHER (!>-!JD lN !LOCK CJ VQ l"ION~ZITE 

OTHER s fU C .( TES. 

TA ALl .... NlTE _ 
ALUl"llND-SlLlCATES 

Tl! ;o:NITT:.LVSlTE - -
TC l'.'!'"-NITE 
.TD S 1 Lll MAN lTE 

_ __J.£_ _ _ B.£RY~ -
TT CLAY Ml NE RAL<Sl 

- 'TC · · CORDIERlTE --
TH EPIDOTE 
TI OAANET 
T.J ,tu_,-,,V.DlNE 
TK M PR.-..DlTE 
TL (;'ROSSULAA • 
Tl'I l'IELANITE 
TN PYR~E 
TO SPESSARTINE 

U\.I OP~OUES, ORES 
VH N"'TlVE £LEMENT(5) 
Ill SULi" flTE<Sl 
V.J SlJLFIDE(Sl 
V~ CHALCOPYRlTE 

-- YI. -·- PYR 1 rr· - · 

VM PYRRHOTlTE 

· - l"IINE:;; ALOlDS 

\.IA 
l.lB 

~ 
WE 
I.IF 

CHLOROPHA::'.lTE 
OL ASS 
lDDlNOSlT.E 
LEUCOXENE 
PAJ...1',CONlTE 
51 P£ROMEL.-.NE 

t' .' c.o\--_\~ 

-·- - · - ··· - --- --- ~1>/0.:RKE-Vtt'-l T£ --- -- - -- -·--TP -ttfrll.-1 'FE--- - --- - ---- -- · -·- - -- 419 - 0-THER-+AOO --1-N-ll bOC-11,, .Q ). ·- · -·- - - -~ =- - _-_-:-:·--=--·~=-------·--··- -·-· ---- - ---
OH HASTINOSITE TO TlTANlTE, Sf>HENE" 

·- --&i -·-· ·--- · -+'AER-3\JT·lTE TR .. TOPAZ 

C . "DDITIONAL NOTES 

- . - - - - - · - -- -- -· -· ..... - -- - . - · 
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• ••• -- · •• ·AfFEND"IX·· - IV 

DATING INFORMATION 

Analytical Techn iques: 

K is determined in duplicate by atomic absorption using a 

Techtron AA4 spectrophotometer and Ar by isotope dilution using 

an AEI MS - 10 mass spectrometer and high purity 
38

Ar spike. Errors 

.reported c3.X:~ for_ one standar_~_-deviati_on. The constants used are: 

-10 -1 
K~ = o.581 x 10 y , 

e 

4
°K/K = 0.01167 atom percent. 

Rb and Sr concentration were detennined by replicate analysis of 

pressed powder pellets using X-ray fluorescence. U.S. Geological Survey 

were obtained from Mo Kcx Compton scattering measurements. Rb/Sr ratios 

) --- --------------- ----·nave·· -a ·ptecisi-6tf· cYf- 2% ··-c1-~,r)""··ancr··cortcentra tibn·s -a~ pre·cision of ·5% ( 1 cf)"-:· -

Sr isotopic composition was measured on unspiked samples prepared using 

0 

standard ion _~xchange _techriiqu_es·. Th~ m~ss_ ~p_ectrQmeter _C.6Q __ sector, __ 

30 cm radius, solid source) ls of U.S. National Bure-au .of Standards 

design, modified by H. Faul. _ Data aquisition is digitized and automated 

___ .. ~---___ u_s_i n._g _a_NDY A _c_mnp u_t.e.r= .. _E_xp_e rime.nt al _ ..da..t a~Jia \ie~ _h.e en_nQrrn.ali z.e..cL..t o_a ___ .. . ~-- __ ____ ____ _ _ 

·-- ---· - - --- -- - --­- ------- ---- - -

86 - 88 · - - · - =--=--- -- · - - - ------ --- --- - .... - - ·- · -- - - -- · 
Sr/ Sr ratio of 0.1194 _and adjusted so that the NJ3S standard SrCQ.

3 

(SRM987) gives a S_7 Sr/8~-sr ratio of . 71022 :! - 2 and the· Eimer and Amend -
-=-·:..:.·- - -o· - - ---- - ' ---=- --·-= .. :-= .=.=.--:-_:_- - - - - - 0 -- R7 --- 86 - _:-_ -_ 
Sr a ratio of 0. ·70800 ± 2. The preci-s-i-on-- of a single- -= -Sr-/ - Sr -ratio is 

0.00013 (1 a). Rb-Sr dates are based on- a Rb j.E:cay co~?ta_n~ of 

1.42 x 10-l ly-
1

. The regressions are _c~l:~ul_ated according to _ the 

technique of Yoik (1967; 1969). 
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K-Ar 
Sample Nur;:ibe r(s) and Reference(s) 
Lab No-: /~- ad . --- ---- -- decay -con s t ants_: 

ma t erial Date 

(WAolt Rx>- 13- I 
1cr er r or 

± ~ .S-.Ma - .. 
D 4 . 72/. 58 4/1. 19 

=Re=f=: ====§==. =2=tL,'-:=,_=~=r=tu==nf====□ 4 . 7 2 /. 5 8 4 / 1. 18 
( } ± Ma 

Ma 

4 . 96/ .. 581/1 . 167 ± Ma 
Record No: 
Suite No: o not reported ---------------
Sample Name: 

UTM Zone • N -; Province 
-----

Co. , State Sec. ___ ___ , ___ T. _ , __ R. ; 
~----'- ---- ------------ ------

(NT S // 5 -I// ) ___ C_o._c_m____,OJ:,c....._x_r __.k-=s:...___ ________ M a p Are a , Sc a 1 e / : 5"0, o o o 

Location: Corrnocks mO-<° o.<'e o.. : 5 Arn wes{ of Co.rmo.. ck-s 
Source Type: OU,,+ c f"'r,() 

K = 
KO= 

2 

- ~-=- ­
KO= 2 -

-
Interpretation: 

---- -% - --- -- . -4 -o ,1: -- - - - ---- -

; (Ar = -
% 

-------------:----,,---------------------

Co 11 ec ted by: S. :r e, hu.f"c. \r\.d \ ----~~---------
Dated b y: J.E. f/ayaka../ 

Lis ted by: 
- -,-c-n-a rn-e -, -· ;_:--. n-s-· t--,i,-t_u_t-,-i_o_n-....--) _______ _ 

Date : 



-67-

K-Ar 
Samole Number(s) and Refer ence(s) material Date 1cr erro r 
Lab No:- ----- --/S-- le &Q - de-cay c0-nstants: ( lif/2.,/e -/Ix) t, 1.-C/ - ±-1. 3 -Ma - -

□ 4 . 7 2/. 5 8 4/ 1. 19 

=Re=f =: ====~=~ _=§=2=z=;..5~c-~=c. ~=:;=a-===□ 4 . 7 2 / . 5 8 4 / 1 . 18 
( ± Ma 

± Ma 
--------------LIi 4 . 96/ : ssl/1.167 

( ± Ma 
Record No: 
Suite No: o not reported 
---------------
Sample Name: 

Latitude: Longitude: (X Y' Z" or X Y.Y') 
-(6f .O- -- ss-1 o:5'.!! -N ---~ --,r3 b o "I -3 _, -3-e- !! --W--·--( ± -z='L --- ·=- ") ; -~=-~ -- ---~~----~ - ---- --- - ---- ------- -- - - - -

UTM Zone 

Sec. 

E N; Province tukon 
----- -----

, T. - , R. ; _ _ Co. , State 
--- --- ------------ ------

(NTS J/5-H/t'.at. ) ------'--A--'---'s"'-h.....,_i--'--h.=-i--'--k_._____L--=-o.-"-'--kf~----•-------Map Area , Scale / :~o,ooo 

I 

Source TYPe: Ou.tc'[QO 
-scu±½ of Co,rmo..cks 

Rock: A ode.si -te, 

_Geolo 

e. - -- -- --

- - - - -- -- -- ----- - -- - ----- ---- --- • - - . - - ····- -- . .. ----- --- ---- ·-
Analytical Data: ( 1 is t duplicate analyses or indicate n _ = 2, . _n = 3, etc.) 

- •• - - - - _,.._ - "' --,,a_-,- .-

Interpretation: ---------------------------------

Collected by: S.T Chl,\,ch.1\\ 

Dated by: d. E.1/araka./ 
Listed by : 

- -c-n-am_e_, -)._~. n-s-t~i_t_u_t_i_o_n_) _______ _ Date: 0/./1.fo 



n ..I. I,) I v . .,I ._ I r I 
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K-Ar 
Sample .·\rrnber(s) an d =---~~erence ( s ) material Date lOerror 
Lab No: • •• -- -#I'[ decay c ons t ant s ·: ----c&/bf/fe_)·-- (,-<?. o ·± q: ~ Ma 

D 4. 72/ . 584/1.19 

=Re=f ====~=-=.~=&rz=;=!;,=1=~d====□ 4. 7 2/. 5 8 4/1 . 18 

( ± Ma 

± Ma 

4.9 6/ .. 581/1 . 167 ... . 
± Ma 

Record No: 
Suite No: o not reported ---------------
Sample Name; 

-. _ Latitude: Longitude : (X Y' Z" or X Y. Y') 
---~~ ~ --· ---_ ( -~a 0 - ~4 1 b-/1 __ N ____ ,--=-~ 1 3:t-t> s-z;t~·-tf_8_ -n - -w ---T± ---i,-,--- ---- --); ______ --· ~ - ---- · ------ -_ -~ ~,~ 

. . -· - ------- -- --- - ---- --- - - ------ - ·: :::.. - - -

UTM Zone _____ E _____ N; Province Yu.hon 
Co., S t a t e Sec. -. -- , -T. , R . 

--- --- ------------ ------

(NTS /o~-L/ 4 ) __ (,.....1.!'-'Ce..._n ....... 1 
. ..,, __ ~_on ___________ Map Area , Scale I : -s-0.000 

Location: 6'leV"1\uQYJ mo.a CLre.o.. 1q km e.o.s-t cf Co..rm~ck.s 
\J ) 

Source TYPe: ou+croo 

Analytical Data: (list duplicate analyses or indicate n = 2, n = 3, etc.) 

K = . 
K 0= ­
- 2 

K = 
~ ~----------- K

2 
O= _ ~~::··_,_-~ =:;__ 

K = 
-~2~-~ -- --

- - . --- - - -
% 40*= 
% ; (Ar 

Comment on Analyses: _____ --'-_ -_-'-~-==---- -=-- - ..;.;.;;....;..-"----'----=- -=-= - -=--=--·- ___;_;;_- __;·c.=-.-....::.....:...· ____;_:· ::.=.:....- ---=-- '-----_- _- _---- ---- =-- - · ..:::;:_;:;_·----_--_--_----_- ~ :...:...- ..::;.:--.:::...·_- _- ---' 

Interpretation; ____________________________________ _ 

Collected by:_~~-~J~--~_n__;~c,_'~CV\~i~\\"--------­

Dated by: J.E. /!araka/ 
Listed by: ______ -.---..-----------

(name, inst~ t ution) 
Date: __ O=--c...,:~__._l_,1/:...e,_.-""g-><:o ______ _ 



\ 
/ 

Lung=--: tude 

p y m -S r -

G - 86 
l., 

1R-'- I s 
_,_ L,. . r 
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Rb-Sr DATA 

12-2d 

62° 04' 12'!N 
_:;:-___ ~ - - -·= --. -· -=-~-~~-..:.::._=.._ -=- -~ ----=----- - -

597 

79.7 

0 .135 

0.389 

0.7054 

0 

61 58' 05 11N 

805 

4J ,8 

0.052 

O,JSO 

0.7050 

14 

1 35 o 5.6 ! 4 8 "T11T 

726 

2J6 

0.29.7 

0. 859 _ 

0.7058 

0.7049_ 



K-Ar 
( ) r ( ) material Date 1crerror S2.r.:0le N1..:..::1b er s and Re ... erence s 

l _. 

__ L2.b 1,0:. __ _ r:p/-e();cclrsP. dec9-_y _cor1~ t.?-nts: ( Pia q: {J/. I ± :1 . {; Ma 
------r---=d---,-----□ 4 . 7 2 / . 5 8 4 / 1. 19 -(-'---~(},.,,..........._~~_,,......,.,,.~±~~~M-a 

_E_:.:: :_: : __ --L,.,//L.,._,__.,G--=---r_,_o"-""-n~d-:-.'------ □ 4 . 7 2 / . 5 8 4 / 1. 18 
f? . .flrm ;Sfron.a ± Ma 

__________ d __ ~ 4.96/ : ssl/1.167 
± Ma 

Re cord Ho: 
Suite No: o not reported ---------------Saw pl e Name: 

Longitude: (X Y' Z" or X Y.Y') Latitude: 
0 - 1 

- • - ·- - --· - -· { . - • -- . - - - - -
0 I n .. -- . ··-· . -- --- -w- -- ·f ±---~-- ~~ - --- +; ·- --· -- --·=-=------ _. - ... - - --- . - - - - --- -

UTM Zone E - N; Pro~in~~ 
----- -----

R. ; Co., State Sec. , T. -- ------- --- ------------'- ------

(NTS Map Area, Scale 
---- ---------------- -------

Location: 
Source T- e: 
Rock: 
Geolo~ic Unit: 
Geologic Age: ' 

- ·- ~ -
I ··· : -· A·nc:flytic-a·1 ·oa ta-:·-· (-1tsr·-dup·licate--ancrlys~-s--6r:- i:ndicate ·=-n ==---2-,---n- = :3; -·etc .-1 

K = 
~;_Q_= . -~-~---_._ :. __ • _____ ---- . -

-- --------- - -·- ···- - - --------- - ----

.. -K = -
K O= -2 . . 

% 40* .-
2-; (Ar . = -
0 

Cowment on Analyses: ------------------------------== ,----

Collected by: 

Dat-2:i by: ::r. E. !lara~a/ 
Lis t ed by:_~-----.---....-----.---------­

tname, institution) 
Date: 01-02-~o 



K-Ar 
1\113102:r(s) and Reference(s) material 

. " t-".'/½ r/e (-(.r, ~k ,. _ . __ d~_g.9-y _ cq_n s t9:n_t. ? .. ; ( W A~ fl! 0 
Date 1oerror 
-12-1- ± .. ?. 5-Ma -·---

D 4 . 7 2/. 5 8 4/ 1. 19 ---------~-----
!-/. q(r.nL. o4.72/.ss4;1.1s a. h1:rn··sf-.-.-o-n_a __ _ 

± Ma 

± Ma 
___________ o_~ 4 . 96/;ss1;1.161 

± Ma 
Record No: 
Suite No: o not reported ---------------
Sample Name.: 

Latitude: Longitude: (X Y' Z11 or X Y. Y') 

--- ~~ ---· --·s-{ - .. -.?~- - ~ =--~ ---l\L~-~---- ~ ------ 1 ___ --- U -w- - ·-( ±-~-~ -~ _;= --~ }-T --~=-~c~ ~ - -~----~~= - ----~- · - · ~ - - --

UTJ,,r z-0I1e ·:- - -- • • -~- - K --=- - - ··N; ·:·_-_ P·rdvince 
---- -----

Sec. T. , R. ; 
--- ---

(NTS Map Area, Scale 
--- --------------- -------

Location: 
Source Ty e: 
Rock: 
Geologic Unit: 
--Geologic Age: 

- - - --- ·- -K- - -- --- -- - - ------ ·----- -
- -~ -. - ·-:- K2·o = - =- - -- • - -

K = ··: 
. - - K O = < • •. '.

0 

• 

·- . -- -- -- __ 2 -- --·- .. ·_, .:-- ·--- -

--- .- -- -- - --- ---- - -- ·--- --

- . 
Interprel:a tion: ---- ---------------------------------cc=-----

- -- . - - -- - - - --- -

Collected by: ---------------
Dated by: f. E.1/araka/ 
Listed by: 

- -c-n-am_e_, -i-n-.s-t--,.i_t_u_t-r-i-o-n...-) --------
Date: ol- o::i.-<to 



K-Ar 
Sarrmle Kumb er (s ) and Re fe r ence ( s ) material Date 1 ° er r or 

---- - --tub 1~-0 -: ----- --- -#;.:I- -- d-ec-ay c0nst a :Rt s: --CB✓-af;k-) ---h ~- 0 ---± ~.~Ma -

o 4 . 72/ . 584/1.19 

=Re=.£=:====§=·=. ~=)5=5=1 :=:--'---r,,---J~=)f:d=-====□ 4 . 7 2 / . 5 8 4 / 1 . 18 
± Ma 

± Ma 

------------~.::ii' 4 . 96/ .- 581/1 . 167 
± Ma 

Recor d No: 
Suite No: o not reported ---------------
Sample Name: 

Latitude: Longit ude: (X Y' Z11 or X y. Y') 
~--=-- ------ -r - ~-G-~ • __ Jc -~- -IJ -N~~~ ~ --~--0-~ ~-=-·~- -- .Jl ,,r - ( ± - - _- -- 7 ; -.. --~~~ -- --- --- ----- -- --- ---------- -·- ------- --- - -- --··•---'-

• - - -·--·- ---- --- ---- - -

UTM Zone E N; Province -----
Sec . __ , T . ___ -, _R. ________ ; co . , _ St ate ------------ ------

(NTS Map Area, Scale -------- -------- - --- --
Location: 
Sour ce T e: 

- Rock: 
Geologic Unit: 
Geolo gic Age: 

J I I 
- - -- -

; --· . - ------- - -- --- - ----- -- ------ ------ - ----- --- ------ -------- -- -------- -- - ··· - - - ·· - - ·-·-- --- -- - -------- -- ------ - .. . - - ---- -·- -- --- ----------·--------
- • • Analytical Data: (list duplicate -analyses- or indicate ri -= 2, n = -3 ~ etc.) • • • .. 

-- - --· - - --- ---- ---- - -- - ---- ------- - ---- - --· 

Comment on __ Analyses: = =-=----=-==-:-~ - --=-- ---=-=-~::------:---=-==---:=-==-------------_-________ ----=----=-- ---__ -____ - _-__ -__ -__________ :-:_ 

Interpretation: ________________ ..;:;...:_-=-------~-----------:._ 

Col l ected by: ---------------
_Dated by: ___ ~_-T-_.-_L_c_.~/~1./,~a~r~a~k~a_/ _______ _ 

Li s t ed by: --,-c-n-am_e_,_i_n_s_t __ i_t_u_t:"'T"i_o_n...-)_ _______ _ Date: O I, JL/ 'Zo 



K-Ar 
S2mule Number (s) and Reference (s) material Date 1° error 
Lcb- No:- -- - - 15- -/e.£ e - . _decay _ con.s t .ants ; ____ (---"VJJ-'-h..___~-'-le=---'--P--'--~-----"--t--'-_z...c...~·--=-q_-· ___ ±__::__~_:_•__::__3_M_ 1_a_. 

D 4. 72/ . 584/1.19 

=?.=e.==:-========R=-==a=/i:r=m==s=-l:r=0:a:4:====□ 4. 7 2/-. s 8 4/1. 18 s. elu. r- ch;//rf 
--------------t:.J 4. 9 6/ ." 5 81/1. 16 7 

Record No: 
Suite No: o not reported ---------------
Sample H.sme: 

Latitude: Longitude: (X Y' Z" or Xv Y.Y' _) 

± Ma 

± Ma 

± Ma 

:._ -------- --r - 0 -- - ·- - -- " - 11 - - - - - , --- - 0 ----'·- -- --~- w ---· -c--± - - -- ------ ) - ; - ------- -· -~~-----'------ - ·----------------~--
-

-- - - - -- - - - - - - - - - · -- --

UTM -Zone E • N; - PrcivTnce -
----- ----- -----

Co., State ------------ ------

Map Area , Scale (NTS ___ _ ---------------- ------
Location: 
Source Tv e: 
Rock: 
Geologic Unit: 

-e-: -. - - - -------- - - .- -----

\ ----- ---- ---- ----- -- --

r ·~--~~-- Ari a 1 :ftT c~ar-rYa-t a:-=-- : c r1s-t -aiip JTcaT~ -anaifs es-or-riiap::~Ee -§- = -- ~ z;-_ -ri --= --3, -:-etc~} --- --:-·-, ----·- ----

K = /. ~& 
--K -o== - -

2 
. -~-•-K ~ . 

K 0= -
2 

- -

Interpretation: ____ .;;.______; __________________________ _ 

Collected by: ____ __:;_:____c...:....._ _______ _ 

Dated by: d-E. 1-/ar aka./ -------'-----'---------
List e 4 J:?y=~-------~~-------­

(name, institution) 
Date: 0/./1.?o 



K-Ar 
( ) ,.. ( ) material Date 10 error S2mnle Nunbe r s and Reierence s 

- -- ---1,db- 1,o :·- - /~_;..·~d- - ----- -- - -decay consta-n-t s :--- (v/Ao/e -Px} ·-13-.--/-- -- ~~--5 -¥ra---- --

-----=-.:-----,~-~----□ 4. 72;. 584;1.ig ( ) Ma 

Ref : 1. 1;;::;.;f:yz o 4 . 72/. 5 8 4/1.l 8 -(---------:---M-a 
------<---'------c."--'-~~~~~-- --------------

-------------g· 4. 9 6/ ." 5 81/ 1. 16 7 
± Ma 

Record No: 
Std te No: o not reported ---------------
Sample Name: 

Latitude: Longitude: (X Y' Z" or X Y.Y') 
---- -- -·- - ( - _·0 - - - . I _. " -----=----- - ___ =-- -0 - ----- _ t _ .. _JL . ____ -· _. _ . - - ··------ -- __ _ _ __ ___ _____ _ ________ _________ _ 

__ N . , _ W (± ; 

\ 
J • 

.. / 

.. 
- - . ··--·-- - -

--- - · - - --- --- - -

UTM Zone E N; Province 
-----

Sec. __ -, T. ___ - , R. _ .... - -- -, ___________ C_o., State ______ _ 

(NTS Map Area, Scale ---- ---------------- -------

Location: 
Source T 1pe: 
Rock: 
Geologic Unit: 
.Geologic Age: 

Analytical Data: (list duplicate analyses or indicate n = 2, n = 3, etc.) 

-- K- = -
KO= 

2 

r=- -- -­
K O= 2 . 

Interpretati.on: ---------------------------------

Collected by: ---------------
Dated by: ___ J._._E_. _f/4_a_y_a._k_a ___ /..___ ____ _ 

Listed c y: Date: 
(name, institution) 




