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i\BSTRi\CT 

The Athabasca Formal: ion of middle Proterozoic age i s a n 
unmetn morplioscd, cros s -b cddcd , pure quartz sandstone occupying an 
oval, 38 ,000 square mile basin , more than 5,000 feet de e p , in 
norther n Saskatchewan . 

In 19GB Gulf Minera l s continuously cored 4,776 feet of 
the Athab asca Forma tion and 3L10 feet of und er l y ing baseme nt n ear 
the basin centre , at Rumpe l Lake , whe r e the format i on consi sts of 
two members , The Upper Member , 1, 408 f eet thi ck , is a well strati­
fied, pr ed o mi nan tly mcdium- gr a i ned , l a r ge ly c l ay -c emented, purple, 
maroon and ,,hite, pur e quartz sandstone conta ining l ess tha n 5% 
shale - siltstone. Cro ss -bedding and a strong t ex tura l l ami na tion 
are cha r acteris tic. All clays a r e composed o f illite a nd chlorite, 
Gla uconi t e , a lt e r ed to illite, and detrital gr ee n mica , a s we ll as 
tourmalin e , are the ma in a ccessories. The member was probab ly 
deposit e d in beach , b a rrier, la goon and near - shore marin e e nviron­
ments. The Lower Me niber , 3,3 68 feet thick, is a massive, pink 
and purple b a nded , cr os~ -bed ded, pure quart z s a ndstone with 
24-foo t thick basal con g lo mera tic zone. It possesses a strong 
textura l l amina tion, is poorly sorted , bas poor poro s ity and is 
very hard. Th e avera ge grain siz e increase s from medium-coarse 
at the top to very coa rse at the base. Granules and sma ll pebbles 
increase in quantity with depth. The sand is ceme nted with quartz, 
and clay co mposed of illite and kaolinite. Intraforma tional cla y 
pebbles are co mmon , and heavy minerals include tourmaline with 
zircon and magnetite a t the base . . The rnernber was deposited in a 
fluviatile environment. The upper contact may represent a brief 
hiatus, and the lower contact is a major unconformity. 

Underlying t he Athabas ca at Ru rnpe l La ke is a six-foot 
thick, red- mar oon, clay rego lith that repres e nts the intense, in 
situ, chemi cal weathered zone at the top of the granitic basernent 

. complex . 

Locally the At habasca is overlain, probably conforrnably, 
by the Ca r swe ll dolo mi t e, and b e low, but nowhere in rrutual contact 
is the thick, arkosic Martin redbed succession . 
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ATl~BASCA ro~~½TTON 

RUJ',;p;~ L LAKE STRATI GR.1\PI-HC TEST 

LTTHOLOGIC DESCRIPTIO~ 

I NTRODUCTI ON 

The Athabas c a For mat i.on, c o mpqsed a l mos t ent ir e l y o f . quart z sand ­

s tone ràughl y 5,000 feet in thicknes s, occupi es a n ova l- s ha pe cl ba si_n 

covering abou t 38,000 s qu a re mile s in northwe s t e rn Sa skatchewa n 

(Figs. 1, 2) . The un meta morpho s ed a nd almost undeforme d cha r acter of 

the formation _rencler it indistinguisha ble from Phanerozoic strata,. how­

ever, the micl-Proterozoic age of the Athabasca is confirmed from K-Ar 

is6tope det erminations and its place in the geologic history of the 

Canadian Shicld is .well established. 

Since uranium was discovered in the Beaverl odge area in 1935 and 

minor secondary mineralization in the Athabasca Formation in 1951, the 

Athabasca sandstones ha ve been regarded as an unlikely but possible 

source of ur a nium. Analogy between the Ath.:ibasca Formation and the 

Blind River and Color ado Plateau• deposits have been obvious, . but .it wa s 

not until 1968 tha t the analogy wa s tested by Gulf Minerals. 

Purpose of the Re port 

One of the di amond core l1oles drillcd into the Atha ba sca Forma -

tion by Gulf Min er a l s in 1968 was a uniqu e str a tigra phie test nea r the 

mi <l d l e o f the basin , tha t conl i nuous l y c or e<l Lf , 776 fee t o f Athabas c a 

- 2 -
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sa nd stonc anrl 340 feet of basemcuL rock, Thi s cor ed hole is locat ed at 

Rumpe l Lake, whi ch i s about fif ty miles north of Cr r:e Lake and thirty-

ni.ne mi l es we s t of the sou th end of Pas fi e lei Lake ( Figs, 2, 3). The 

pctrographic study of this cor e forms the ba s i s for this repor t. 

Method of Study 

The study was begun with the initial de scr iption of the Rumpel 

Lake core, du ring mid -September, a t the Saska tchewa n Depar tment of 

Mi.ncral Resources Preca mbr i an Geology Laboratory {n· La Ron ge . Spot 

samples ,vere t ake n and examined in gr eater detail l a ter. The core des-

cription ( Append ix I) is based sole l y upon vi. sua l and binocular examina-

ti.on, lt is stressed that t hi s study is of a semi -d e t ai l ed nature only, 

and much gr ea t er de t a il, bo~h qualitative and qua ntitative, cou l d be 

achieved i f a lengthy mineralogical and thins ection analysis vas per -

formed. 

ln order to determine the c l ay mineralogy of sandstone pore fill­

.ings and intercalated shales, eighty-one samples were ana lyzed with 

th~ X-Ray Diffr a ctometer , the r esults of which appear in Appendix II . 

and Tab l e IV . 

Miner a l identifications of thr.ee s amp l es were made by Dr. G. B, 

Me llon, Res earch Council of Alb erta . 
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STRATI GRA PHY 

The s tr a t igr ap hic r e fo t ions hips of unme ta morphos ed sed i ment ar y 

roc-ks abov:e the metamorphic and i gneous basemen t comp l cx i n the La ke 

Athabasc a a r ea are d ifficult t o cletermine a nd for rnany year s a numbe r 

of diver ge nt v icws hav e been he ld. Three stra t a l unit~ aie inv o lved: 

the th i ck, de for med, a r kosic , redb ed su ccession with int e rc a l ated ba salt 

f low s nor th of Lake Athabasc a at Ta zin and Beaver lod ge Lakes ; the wid e ­

spreacl, ~ssenti a ll y flat-l yin g , blanket-like quartz sandstone s uccession 

soùtil ancl southeàst of Lake Athaba s ca;- and, the sma ll circular body of 

dolomite at Car swell Lake south of Lake Athabasca. • 

In his study of the s~ndstone succession south of Lake Athabasca 

Fahrig (1 961 ) proposed a paftly new terrninology (Table I), which a~pears 

to be the rnost reasonable int erpretation yet propounded. He suggested 

the following usa ge of formation narnes: Martin For rna'tion for the redbed 

succession north of Lake Athabasca; Athabasca Formation for the flat­

lying quartz s~ndstone succ e ssion south of the l ake; and, Car swell For -

mat:Lon for dolo mite locally lying above the Athabasc a Formation. He 

suggested that the Martin is the oldest and the Carswell the youngest of 

the triad. This terrninology and relative age relationship is followed 

in the present report. For a lithologie description of the ~~rtin For­

mation the reaèer is referr ed to Christi.e (1953, p. 48), ancl for _the 

Carswell.For n~ tion to Blake (195 6, p. 5), Fahrig (1 961, p. 18), and 

Curri e ( 1969) . 

!. 
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TABLE OF FORMATIONS* 

FORMATION LITHOLOGY 

PLEISTOCENE AND RECENT SAND, 

GRAVEL, DRIFT . 

NEOHELIK IAN 

CARSWELL FM. DOLOMITE; ? CHERTY, STROM; MARINE 

ATHABASCA UP PURPLE-RE0°-WHITE QTZ . SS; MAR IN E 
? ~ 

PALAEOHELIKIAN FM. LOW. PINK-PURPLE QUARTZ SS.; FLUVIAL 

MARTIN FM. ARKOSE , REDBEDS 

NON MARINE 

; BASALT; 

1 

METAMORPHIC AND IGNEOUS 

TAZI N GROUP 
ROCK S OF HUDSONIAN OROGEN 

COMPRISE BASEMENT COMPLEX 

-. 

* AFTER FAHRIG 1961 
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The Athabasca Forna tion was studied by Fahrig ( 1961) whose exce l­

l ent reporl providcs the essential foundation upon which all other de ­

tai led studies can be based. In order to ,put the Rumpe l Lake cor e in 

its propcr co nte--< t with regard to the At habasca Formation as à whole, a 

summa ry of th e l it hqlogy as found in Fahrig (196 1) is g iven below, 

Description of the At habas ca Formation 

The form:1tion consists of sand st one with sorne interbeds of conglo-

merate, a nd v e ry miner sha l e and si lt s tone b eds genera lly l ess than one 

foot thick . Grit and cong lomerate beds tota l about two per cent of the 

for ma tion; sha l e a nd siltstone amount to l ess than on e pe r cent of the 

tota l section. 

About ha lf .the particles in the· sandstones are coarse and very 

coarse sand. Inter bedding of fin e r and coarser gr a ined sartloccurs through­

out. Granules and pebbles are r a re in the upp e r part but occur in consider­

able amounts in the lowe r par t. Cobbles and boulders are l a cking except 

locally in the basa l few feet. Sha l e chip frag me nts are co mmo n throug h-

out the basin and are mainly cream colour ed but sbme are maroon, Locally 

they form an a l most conti nuous paveme nt. 

The most co mmon colours are li ght buff , grey, white, cream and 

v a rious comb inations an d mixtures of these. Li ght to dark purplish and 

pink, red a nd maroon are a l so comrnon. Most reddish colours resu lt from 

hematite staining and muc h cuts across pri m3.ry stratifi cation. Much of 

• the hematite st a in has becn r emoved as a r esult of se l e ctive reduction. 

- 8 -



• 
Pota sh feldsp3r is prcsent in nrgligiblc amounts and the sand­

stones are composed a l most entirc ly of quartz with a little chert. The 

quartz i s strong ly undulose and strained qu ar tz of metamorphi c orig in i s 

more abundant tha n unstrained igneous qu artz. Heavy miner a l s occ ur in 

very sma ll amounts, and tourma li_nc and zircon are the only non -opa ques 

occurring in sig nificant amounts. Bath are we ll round ed ahd the tour-

ma lin e gra ins typic a lly exhibi t c l ear au thi. genic over grow ths . 

Th~ pebb l es , mos t of which are l ess than 2 cm. lon g , the l c1rges t 

being 6-7 c m., are composed mos tly of quart z and chert, but some f e ldspar , 

grariit e , gneiss, qua rtzite and gre enstone wcr e id entified in the basal 

part where cobbles and boulders occur. 

Cross-bedding is the most prominent sedimèntary structure and 

ripple marks are common. Ma_ny pebbles have a preferr ed orientation 

paralle l with the direction of sediment transport shown by cross-b eclding 

azimuths. 

The Athabasca sediments possess many f~atures • typical of fluvîa ­

tile deposits such as: consistent and widespread cross-bedding; over-

turned cross-bedding; r ain -prints; dessic 2t ion cracks; shale chip 

fr agments; poor sorting and sl:r ong textural l amination . The sedi.ment, 

which was derived from the east and southeast with a minor contribution 

from the northeast, was probably deposited on a coast a l plain onto which 

rivers converged towards the sea . 

In. the Black Lake area the Athabasca sand s tones are i _nvolv ed i.n 

foldin g and faultin g . Post-depositional bas cment adjustments titled the 

• strata and crea t ed d ips as hi gh as 25 degr ees in loca l parts of the basin. 

Diabase dykc s eut the sandstone a t a nunilier of l oca l ities . 

- 9 -
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The 1~thaba s ca rcsls wit h ma jor unc:onformity on oldcr rocks. At 

some points, probabJ.y dcpending on t he .composition of the Archcan roc ks , 

a r egolith is deveJ.oped. Locally the Athabasca rests on intense l y wca lher­

ed gneiss , and at other loc a liti es it rcsts on Tazi n qu artz it e , whcre a 

basa l breccia of angular qu artz ite bou l ders occurs while at other place s 

only fi ne co ng l omera t c and sands tone are found . 

Falirig ( 19 6 1) concluded that because of the high degree of mineralo­

gica l maturity of the li ght and hea vy minera l fractions, high degr ee of 

rou ndness , and pre s ence of chert, tha t the Atha basca was a multicycle 

sedi me nt derived from a lar ge ly sedi men tary t erra in. 

Des cription of the Run~e l Lake Core 

The Athab as ca Formation at Rumpel Lake consis ts of two sandstone 

members of contrasting thicknes s, str a tification, colour, and clay 

nûneralogy . The Upper Membe r, · 1,408 feet thick, consists of a series 

of maroon , purple and white sandstone beds of varying grain size , sort-

ing a., d t exture from one foot to more than 200 feet thick. Interbedded 

siltstone and shale account for l ess tha n five percent of the total 

• section and c ong l ome r ate i s absent. -The Low er Member con sis ts essen-

· tially of a single, uniform, cross-bedded sandstone unit 3,368 feet 

th ick in which siltstone and s ha l e occur in neg li g ible amounts and :l 

' thin · pebble co ng l omerate occurs at the base. A detailed d es cripti on 

' o f the core i s included in Appe ndix I and this data i s g r aphi ca llY il • 

' lu strat~d " in Tab l e 11 '. (li thologic log in back pocket), and su mn·u·i H•l 

1 in Table III. The follow ing description is a genera 1 summ .ry • 

Upper Mcmber 

Thickn c ss : 1,408 feet 

- 10 -
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Gro s. , Li tholog y : The mcmber consists almost entirely of sandstonc of 

varyi ng grain si:i:e , texture , ccmcnt and colour . Conglomcrate and c;:ir-

bonates are bolh absent , but there are a nurnbcr of shale and si lt stone 

bed s that r ange in tltickncss from a frac ti on of an i nch up to b eds 

several feet thi ck , the l arges t b e ing a s ilty and sandy sha l e unit 14 

fe e t thic k. Th e total combined thi c kness of individ ua l l aminae a nd 

b e<ls of shale is roughly forty-two fee t and tha t of siltstone is t wenty 

feet . 

Co mposition : Al though no dc t a i l e d minera log ica 1 a na l ysis was made of 

the sandstone it ap pea r s from the work of Fahrig (196 1), and the s~udy 

of three representa tive thin sect ion s in c onnection with the clay 

an a lysis b y G . . B. Me llon ( personal comniunication), tha t·the sand frac­

tion is c.ompo sed a l mos t cntirely of quar._tz with minor aroounts of chert 

and virtua lly no feldspar . The s ha les a re composed almost cntirely of 

illite, with v er.y minor amounts of chlorit e and mixed -layer clays ( Ap -

pendix II; Table IV). Within the upper 400 feet, howe ver, the sha l es 

are compo sed of rou g hly equal amounts of illite and ka olinite. 

Colour: The sandstones are purple, maroon and white, and . sh2.d2s of 

purple and rnaroon range bctween pale and d a rk. Purple colours probably 

result from ver y finely cr ys t a lline spccular hematit e whereas the maroon 

colours r esult from a stain of hematite on the grains or in the clay 

cerne nt. The colour s typica lly alternate in band s tha t range from a 

fraction of an inch up to several inches and which are char a cterizied by 

extreme l y sharp conta cts . All combinations of purple, maroon and white 

b a nds occur. Most bands are re gular and uniform, but many, especia lly 

those coloured purple , are ir regu l ar b.:rnds, l enses , mot tle s and pa tches 

wit:h bo undari0.s that eut ac ros ·s the prim.'l.t'y stratification . The unit 

i s coloured by a lterna ting zones up ta scvcral tens o( feet thick, each 

- 12 -
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CLAY MINE RALOGY OF THE ATHABASCA FOR MATION 
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zone cha racterizccl by a par ticubr colour combination . Sorne snnclstones 

are white aocl l ack iron j)ig;i1cnts altogether, but these account for only 

• 16 per cent bclow the upp e r most 150 f oot white zone . This relatively 

thick zone may ref l ect bleaching and remova l o f a ll iron o:xides by sur­

f a ce waters . 

• 

Fine pale green to pale maroon spcckles, due to bleaching of 

maroon hematite stain from a r ound green mica grains , i s a dist i nctive 

feature tha t occurs in t wo zones , 390-523 feet and 847-1149 feet below 

the top. 

The shales and si ltstones are predominant ly ma roon but some a r e 

co.lour e d by a l ternating maroon an d gree n l amin a e and a f ew a re e ntirely 

gree n. 

Ce rne nt: 1;he principle b ond ing agent .of the sandstonc i s a snow--white , 

fin e to coarse l y cryst a lline , l a r ge ly s econd a ry c l ay c ernent . The only 

other bonding ma t eria l no ted was quartz, in the form of sec ond ary over­

growtlis , and exc ept in the uppermost 247 feet and lower mos t 85 feet, is 

much sub ordinate to clay. In the midd l e part of the member l àminae and 

thin zones ceme nted mainly by quartz a re fairly common . 

Thirt y -six s and s tone samples were analyzed with the X-Ray Diffr a c­

tometer to determine the clay mineralogy cf the pore filling s , • the r e sults 

of which are s hown gr a phically in Tab l e IV and tabulated in Appendix II. 

These da ta show tha t the clay nB t eri a l con s i sts of chlor ite a nd illite, 

in all but the uper most and l owermost pa rt s whe re illit e and kao linite 

compri se vir tua lly a 11 o f the ma ter ia l. 

Dr. G. B. Me llon , Research Council of Alberta, pr e par ed thin sec­

tions of thre e · sand stones (!}22 ', 525', 900') and also made an x -r ay 

analysis of t he cL:iy constituents . His brief study ( pcrsona l communica -
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tion) confir med th.::it illite and chlorite were the two minerals compris­

ing the pore fillings in the middle par t of the member. In addition, he 

suggested that the clay is distributed in the sandstone in two ways: 

1) . As lar ge pa tches and lenses a few millimeters thick of detrital 

matrix composed of illite, presumably ,of clastic origin; 

2) Asill!thigenic pore fillings composed of illite and chlorite. 

The detrital matrix consists of .unoriented to partly micromi­

caceous illite. The authigenic pore fillings include needle­

like. platelets of an illite-chlorite mixture, fibrous nearly 

colourless chlorite, a nd fibrous inward-growing illite. 

Hardness: - About half the sandstones are sub -friable to friable, and 

half ·are moderately hard. In general, cementation by soft clay produces 

a weak bond and sand grains pluck out readily, thereby producing a fri­

able sandstone. In contrast, even a small amount of quartz cem_ent at 

grain contacts effects a bond of considerable . strength and a firm, com­

pact sandstone. Even thou gh some sandstones appear to be co mp letely 

cemented by clay, traces of secondary quartz are present and the rock 

is ·.not friable. 

The·. upper most 400 feet and lowermost 200 feet are moderately hard 

and non-friable . The renBinder i s predominantly sub-friable except for 

some relatively thin beds. In those parts where clay- and quartz­

cemented laminae occur, some of the quartzi_tic zones are very hard. 

Porosity: The porosity is highly variable throughout the section, and 

all degrees from mere traces to very high porosity exist. In general, 

the white clay cernent is so abundant as to essentially destroy most poro­

sity, however, the rnernber is r.haracterized by alternating tight and 

porous laminae which iŒparts to the rnember as a whole a fairly high poro-
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• 
sity . ln sp it e of the ubiquitou s clay cerne nt n2ny of the sandstones are 

completcly cemc nt e d by clay and commo nly the friable sands are very 

porou s , bath in th in l aminae and thickcr zones inches of fect thick. 

Gr a in Size: All sa nd grades are present i n the mernber and a high degree 

of variability in adjacent zones i s chara~teristic . The most common size 

grades a r e fine, rned i.um to coa r se san<l , and probab ly the s ing le most 

ab und an t grade i s medium sand . Granules a re unco rnmon but do occur in 

so111c of the coarsest l aminae . 

Avery s tron g te x tural l ami nation is typical of the mernber, especial l y 

in the thicker units. Thes e consist of alterna ting l aminae of contrasting 

grain size and sorting such that it b e comcs difficult to describe the 

unit except in general ter ms . All co mbinations of grain size and sorting 

ma y be observed in the individua l l arninae . In addition to the làrninac, 

zones of u niform. grain size and texture rneasur ed in inches and feet a lso 

alternate throughout. The coarsest grained part of the metnbe r comprises 

the uppermost approximately 150 feet, which is coarse- and very coarse­

grained with scattered medium sand and some granules . 

Sorting: Sorting, like the grain size, is highly variable dG e to the 

strong textural lamination. Individua l l ami nae are commonly well sorted, 

but all degrees of sorting through to distinctly bimodal are also common. 

Sorne unit s are we ll sorted and l ack textur a l l amination, but ma ny are 

r ather poorly sorted when all size grades present are considered. Per­

haps the overa ll sorting of the mernber cou ld be classed as modera te. 

Roundness: Most of the grains appear to be round ed to well rounded 

though a detailed ana l ysis was not made. Secondary quartz overgrowths 

destroy the roundness of grains in the quartzitic parts. Frosting of 

the gra ins was not obscrved, in fact , a good po lish seerns characteristic . 

- 16 -



• Accessory Grai.ns: The two most dislinctivc accessorics are dctrita l 

green mica ( or biotite ) and p.:.ile green c l ay grains . Detrital green mica 

occurs in certain units t hroughout the middle part of the member, but is 

most abundanL in a one-hundred-foot zone betwee n 390 and 496 feet. The 

grains are found in a ll lithologies, and in shales they possess a strong 

prefer red orientation parallel to the stratif ica tion . The gr a ins are 

only a fe w flakes thic k and are hi gh l y rounded in plan view, Almost in­

variably the grai ns ar e surrounded by a white or pale, bleac hed ha lo 

within which th e hema tit e staining the enclosing rock ma roon, h_a s been 

apparently bleached by redu ct ion. It seems that through chenu.cal alt era-

tian the mica grains lo se their iron content, for they app ear to become 

colourless and transparent in the white sands~ones, 

Detrita l clay gra ins occur in the middle part of the member and are 

represented by two floods centered ar ound the 500 and 950 foot l evels 

respectlvely, These grains, of sand s ize, are pale apple green, highly 

rounded, smooth-surfaced and very soft, They show little evidence of 

crushing except for sma ll pits made by the encJ.osing _quartz grains. 

Commonly they exhibit a "cleavage" or "parting " that resembles books of 

mica. The grains appe ar to be pure c lay and are tota l]y devoid of si lt. 

The origin of these grains may be complex, for they could be either de­

trital shale fragments, altered glauconite, or in situ secondary a lt era­

tion products of some detrital gra in. 

A thin section and x-ray analysis of these detrital clay grains was 

made by Dr. G. B. Me llon, Research Council of Alberta, who identified 

the materL:il compri si ng the grains as illite and identical in appearance 

• to th e palc hes of micromicaceous illite comprising the enclosing nutrix 

( personal communication) . Apparen tl y all gr ada tions exist between r e -

lative l y fres h biotite ( the gree n mica rnent ioncd a bove ), throu gh sub-
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• equanti bleached, pa,12 grecn-uro~rn grains , to pale brown ovoid grai n s 

co mposed of partly oriented micro mi cace ous ilïi.te aggregates wlüch tend 

to be concentrated along certa i n laminae like the mica. These clay 

grains are identical in all re spec ts to glaucon ite except for th eir light 

green colour. Si.m.i. l a r series of grains showi ng a ll gradations between 

bio tite and round ed glauconite composcd of illit e have been observed by 

Dr. ~~llon i n Lower Cretaceous rocks of northeastern Alberta. 

Dr . Me l lon be lieves tha t in some 1ra.nner una lt ered biotite was fir s t, 

in the glauconitization process , expanded, the n abraded and rounded, con­

vert e d to g l auconite , a nd finally a ltered to illite. 

Tourmaline and zircon are the only non-opa que heavy minerals present 

in significant aniounts ( Fahri g 1961); Gr ave nor · (1 959 ) reported that 

tour ma line is the major non-opaque mineral, along with miner amounts of 

zircon and monazite, with trac~s of rutile, garnet and biotite, Very 

fine and fine, well round ed, green and brown v a rie ties of tourmaline 

were the only grains observe d by the writer. 

The only pyrite obs erv ed occurs as tiny crystals that form irregular­

shap ed patches on some fr ac ture surfaces between 269 - 285 f eet below 

the top. 

Structures: Probably every sandstone bed is cross - s tratified. In some 

bed s cross-strat ifica tion is indica ted b y inclincd laminae and angu lar 

truncations, but in many parts it is not obvious, probab ly thr oug h lack 

of contrast in the textural e l emen t s . 

Intrafor mat ional pebbles co mposed of white, so ft, cha lky clay 

occur in only three thin zones . The peb b les are sub-rounded and up to 

• a b out two in c hes iL1 1ength. 

Radioactivity: No ra<lioactivity above norma l background was noted in 

t.his member . 
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• Cont .0__0 ~ The lowé r content is drawn at the base of a pu rple , clay-

c emcntcd, [ine- gra ined sandst one which see ms to nurk the base o f a rather 

hetcrogeneous well str a tificd sandstonc su ccession that diff crs signif i­

cantly fro m a more uni form division be l ow . No obvious unconformi ty 

was observed , and indeed, at the time of l bgging th e core, it appearcd 

to b e conforrna b l c and some1-1ha t arbitrary . It is po ss ib l e , however, that 

a period of non -deposition, and per haps even erosion , could have int e r­

v ened b e tween d eposition of the two members because : 

l.) The cl.a y mi neral ogy is s i gnif ic a ntly different between 

.the two members ; 

2) The Upper Member i s prob a bly mostly marine a nd the. 

Lower Member is probably al l nonmarin e ; 

3) The upp er 400 feet of the Lo -1er Member is whi te, 

simi l ar to the uppermos t pa rt of the Upp er Nember , 

sugges ting a Precambria n interval of s ubaerial weather-

ing removed the iron from the otherwise pink a nd purple 

sand s tone. 

Beyond these observations , no direct evidence of a discontinuity bet­

ween the two members is at present availab l e. 

Lowe r Me mber 

Thi ckness : 3,368 feet 

Gro ss Litho logy: Thi s member consis ts a lmos t en tire ly of cross-

stratified s andstone, and indeed is almost a sing le massive unit. At 

the base i s 24 feet of cong l omerate and cong lomera tic sa nd s tone with 

• int erca l a ted sands t one. The tot a l co mb ine d thickness of thin shale a nd 

argil l aceous si.l tstonc lD. minae , which are mos tly l css tha n o ne inch 

thick, is about one and onc-ha lf f ee t . 
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Composition: The sand and pebble s appear to consist a l most entirely 

of quartz and probably minor arnounts of c hcr. t ure present ( see Fahrig , 

1961 ). Although a detai l ed mineralogica l study was not made , quartz 

was th e only component obscrved i n the basa l cong l omerate. 

The shale and argillaceous siltstone parti ngs ar e c omp osed 

ma i n l y of i llite with subordina t e amounts of kao linit e , and ve r y mi oor 

amoun ts of ch l orite and nûxed -layer c l ays ( Ap pen<l i x II; Tab l e IV). 

Co lou r : Al mos t the entire member cons i sts of a r e 1m rkab l e scr i es of 

altern at j_ ng pur ple and pi nk band s each r ang i ng from l ess tha n one 

inc:h to more tha n 12 in'ches in wid t h. Contact s of the ba nds are typi­

ca lly shar p , a nd th ey exhibit bo th parallel and cro ss -cutting r e lati on­

ships to th e pr. imA. ry s tr a tification. 

The upp er 400 f ee t is l~ght grey-white with two thin zones of 

pale purple bandin g . The upp ermos t 32 feet is also s trong ly banded, 

with pale purple, maroon arid white . The fact that this zone is white 

similar to the uppermost part of the Upper Me mber, ma y indicate that 

a period of surfa ce bleaching and weathering in the Precambrian, pre­

ced ed deposition of the Upper Me mber. 

Several zones of pale purple and light grey occur in the other­

wise continuous ly purp le-pink banded part of the me mber. The conglo­

meratic zone at the bas e consists of alternating zones of pale pinkish­

maroon and light grey with a faint ma roon cast. 

Cernent: Both white cla y and qua rtz comprise the _bonding m::tterial and 

in a gener a l way sho\v an inverse relationship. Quartz cernent predomi­

nates in the upper part, white clay predominates in the lower part, and 

in the central · part they occur in roughly equal qua ntities. Clay 

c e rnent pr.ed omi na tes in t he basa 1 cong lomer a tic zon e . 
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Twenty-five sandstone samp le s were analyzed with the X-Ray 

Diffractometer to dctermine the miner.:i logy of the clay cements (Appen ­

di x II ; Ta ble IV) . The r esults show that i l lite and kaolinite , and 

rarely a little chlorite , are the two con st itu en ts of the clay fraction. 

Har dn ess : All of the sandstones arc hard to very hard, and are notably 

more compact tha n t hose of th e Upper Mcmber , however , none can be 

called tru e quartzite as metamor phism has not affected the sediments. 

Even zones ce mentcd n~ inly with clay are hard and non-friab l e because 

small a moun ts of quartz bonds the grai ns a t thei r poin ts of rnu tua l con­

tact. 

Porosity: The sandstones are for the most par t He ll ce men ted and -poro~ 

sity i s low or very poor in all but the upper few hundr ed feet where 

a numbcr of laminae and thin zones are ver y porous. Zones in the l ower 

conglo rnerat ic zone are rel~tive ly porous a l so . 

Grain Size: The sediment ranges from very fine sand through fine 

pebbles, but the l arge r sand grades are probably the most abund ant . 

From top to base there is an a l cnos t imperceptible increase in t:he average 

ffi3ximum gra in size, from medium-coarse in the upper part to very coarse 

in ~he lower part . In detail the unit is characterized by a very strong 

textural lamination in which there are marked contrasts in grain size, 

and degree of sorting in adjacent la minae and l ayers . Throughou t, v ery 

coars e l ami nae alternate with very fine l anù nae , a nd with increasing 

depth the frequency of occurrence and thickness of the co.arser laminae 

increa ses. 

In the upper part gr anules are loc a lized a long thin l ami nae con­

t ai ning vcry coarse sand, and by 3,000 f ect fin e pebbles are associated . 

lly 3,700 fcet the coarsest laminae have in creased in nunilier and in thic k­

ness_ to sever a l inches . ll~lffi~ 3,900 fc e t gra nule zon s up to four inches 
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thick occur, and below the coarscst sandstone zones are up to one foot 

thick. In this lower part the rnc,rnber is a coo.rse- and very coarse­

grained granul if crous sandstone with fine pebbles scattered in many zones . 

Between 4,400 and 4, 650 feet the sand becomes distinctly finer grained, 

averaging medium sand with a notable abs~~cc of very coarse sand and 

granules. 

The pebble size in the basal conglomerate incr eases from ~ 

inch or l ess at the top to 3/4 inch or l ess in the lower part. In the 

bas a l one or two feet pebbles at t ain a l eng th of t wo i nches , the l a r gest 

ob·s erved in the core, but mu ch SIT'.a ller t han the quar tzit e boulders obser-

ved by other writers in ou tc rop. 

Sort ing_ : Th e member as a who l e mus t be classed as poorly sorted, to 

ver y poorly sorted i n· the l ower part. I ndividua l l ami nae range from 

well sor t ed to very poor ly sorted , and na ny are di st inctly bi modal. 

Roundness : Prob ~b l y a ll of the gr a i ns wer e originally rounded and we ll 

round ed, but the abundance of sec ondary quart z over growths has des troyed 

much of this ori ginal roundness. It is pos s ible, however, tha t the 

roundness of quartz grains in the Lower Nember was originally l ess than 

that of grains in the Upper Hember as the sediments of each division ·· 

were deposited in different enyironments. 

Acce ssor y Grains: Very s ma ll, well rounded gra in s of tourma line appear 

fro m the b i nocular examination to be the main heavy miner a l pr esent, 

but zir con may be distributed throughou t a l so ( see Fahrig , 19 61; 

Gr avenor 19 59 ). Within the l ower 400 feet are nu merous, very d e lica te, 

wispy l aminae composed of highly rounded, detrit a l, very fine , black, 

metallic heavy minera l gro.ins that are non-magnet ic but may be weath2r-

ed 1mgnetite as mos t appear oxid i zed . Associated with these gra ins 



• 

are abundant , wcll rounded, very fine , cqua nt to clongale z ircon 

grains. Within the lower 175 fcet thcse heavy mincra l l aminae are 

fairl y abundant . 

Specular hematite crystals , very fine and fine, a lthou gh not 

detrital, occur throughout a l l but the upp er few hundred f ee t of white 

sandstone , and i mpar t the purple colour to the sandstones . In view of 

the thickness of the Lower Mcrnber, the quantity of hema tite i s con-

sid erab l e . 

ln the upper 36 feet of the mcmber , and from 186 7 to 2175 

feet in the core, man y tran s luc ent , honey--co l oured dolomite crys ta ls 

occu r on part s .of vert ic a ~ fr acture surfaces. Pyrite is al most non­

exi stent except for small irregu l a r patche s of ver y fine crysta l s on 

fr acture surfaces a t 1696 and 1707 fee t be l ow t he top of the core. 

Structures : Inclined and truncated l aminae throu ghout indica te that 

the entire unit i s cross -stratifi ed, and a lthoug h the s i ze of the sets 

and inclination of the l aminae was not record ed there is probab l y a 

con siderable r ange . 

Intraformationa l, de trital, clay pebbles are characteristic 

components which occur throughout most of the member, but decrea se in 

nu rnbcr with depth and in th e l ower ha lf are rather r are. No intrafor­

mational fra gme nts were noted b e low 4,367 feet. The fra gme nts a r e of 

two types : 

1) One type is soft , pa l e pinkish- cream-whit e , 

angular or sub a ngu l arl di sk-s h~ped to equ a nt 

bloik- like fr agments ; 

2) The othe r consi s ts of light green , sornewhat 

harder , typic a lly lliin, cur l ed and bent pl a tes 
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commonly 1/8 inch Lhick and up to one inch long . 

The fra!_;rnents range from pure c Jay to highly silty clay and ma ny 

of the white fragmenLs are stained maroo n from hematite . In the upper 

part t he y cornmon ly occur in wide ly separa ted zones up to three inc hes 

thi ck, however, nowhere are thcy abundant , and they genera lly occur as 

sparsely scattered individual grains . The l arges t fr agmen ts noted were about 

two i.nches l ong . 

Radioactivity: The only r adioactive zones in the entire member occur 

in the l owermost few feet of the basa l conglomerate. There, in sever a l · 

zones up to about six inches t hick, counts per second reach only 1\ - 2 

times norma 1 background. 

Con tacts: As discu ssed above the upper contact may r epresent an hiatus 

but conclusive evidence is not ava ilable. The lower con t act represents 

a profound unconformity, but for all its ma gnitude it is merely a flat, 

smooth, very s harp ·surface above which lies a fine quartz pebble cong­

lo mera Ce, and below which is a thin, maroon, clayey re golithic zone 

that grades down uniformly into una ltered metamorphic rocks of granitic 

comp~ it-ion. 

Rego lith 

Direc tly underlying the basal conglo merat e are the metamorphic 

and igneous rocks of the basement complex of which 340 f ee t were cored. 

The upper mos t part has und er gone intense weathering and with depth _the 

alteration gradually disapp ears within severa l ten s of feet. Because of 

the very transitional natur e of the weat hering effects it i s difficult 

to define the lmver bounda ry of the r ego lith proper, but a zone a bout 

six icet thick at the top o[ the bas ment nuy be rcgarded as such. 

Twenty-five to forty feet below the 1\thaba sca the mica of the 
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fine- Lo rneclium-grained granit.:ic rück is dar.k green, and wliat must have 

been feld s par origina lly is dull, pale rnaroon, soft.: , structurelcss 

material . From about 9 to 25 fcet the mica becomes 1.Jrown to rusty 

brown , and the feldspar is a ltcred to soft, chalky, white clay. This 

zone grades up into the rego lith proper through several feet of rusty­

maroon mic a , and pale, clull maroon, structureless , soft , a l tered feld-

spar . 

The upp er six feet is ru s ty-red-maroon, and a lt hough the minera­

logy is almost totally different frorn that of the original gr a nitic 

rock , al J. of the origina l texture, including irregular-shaped quartz, is 

pre sent . The origi11al mica is represented by ru s ty, hernatite-like, soft , 

clayey mater ial a nd the feldspar by mar oon, s oft, structureless ma t erial 

which in the upp er part possesscs a wa xy , t a lc-like t exture and lu stre. 

Core recovery was poor fr om the upperrnos t few inchcs and the regolith is 

r epresented here by fr agmen ts of pale greenish , "grcasy ", ta le- li ke , 

structureless ma terial. Within the upper eight feet of the weathered 

zone , kaolini te decrease s and i lli te increases in amoun t. (Tab l e IV; 

Appendix II ). 

In the regolith there is no evidence of reworkin g of detritus 

or soil by win~ , water or ice, and there seems on l y to have been an in 

situ chemica l alteration of f e ld spar and mica. No pisolitic structures 

are present , and no s econdary concentrati on of meta llic or other minera ls 

was noted. 

No increase in radioactivity wit hin the basernent rocks was 

f ound, a nd only a very s ligh t increase above ba ckground was observed in 

th e upper four feet of the rego lithic zone. 
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DEPOSl 'J'l Oi' /Il, 1-:NVI RO:·: t !Un' 

The depositional c-nvironmcnL of the Athabasca Form:1tion has 

been interpreted as both continental and marine by various writcrs, 

(se e Fa\-lrig 1961, p. 35), but Fahrig and most other geo logi sts have 

la Lely favoured a prcdominnntly fluviatile - origi.n. 

The Run~el Lake core prov ide s a unique cross-scctional view of 

the Ath.:ibasca, and indicàtPs that the formation probably contains both 

fluviatile and marine parts. It is her e suggested that the Lower Mem­

ber is entirely fluviatil e and the Upper Member i s co mpose d o[ sed ime nts 

probab ly <lcpositcd in near-shore marine and coastal environments. 

The Lower Member possesses a number of sedimentary features 

c harac tcri.s tic of f lu via ti le ùeposits, suc_h as cross-stratification, 

intrafornutionn l clay pebbles, strong textural l ami nation, overall poor 

sorting and pres e nce of kaolinite in the intercalated shaly laminae 

and clay mincral ccments of the "andstones. It secms probable tha t the 

seclirne nts of this thick, homogeneous unit wer.e deposited under rclative ­

l y stable, tectonic condition s, on a broad plain of little relief, by 

a number of braided ·river systems. The virtual absence of signi.ficant 

shale beds indicates tha t l akes and flood plairts of meanderi.ng rivers 

were not formed . 

The Upp er Member d if fers frorn the Lower Mc.,mbcr in a number of 

signi.fi can t re spects . Fir st , this djvisi.on consists of a l aq?;c nurnber 

of incli.vidual Utholog·i c units of cont.r~1sti11g gr.:i.in size , sort i ng , 

colour , cl cgree of ccmcntation ond composi t·ion, impl.ying migration .:inc.l 

alternt1~ion of a numbc•r of difforent cnvironm.:-nLs . Second, :i.(· coLltdins 



él considcrablc t.hickncss of sand:~Lones wi_Lb a l.Lt'.rL:Ù glauco1ti te grains 

• that suggcsl marine cnvi_ronmer,ts m:1y be reprcsentcd. Third, intra[or­

mationnl clay pchblcs typi_cal of fluvia l d-posits .'.li'."C rare. Fourth, 

highly rouncled, abraded, dctrital biotite grains are common and 

• 

locally abundant in the middlc part . Firth, the shales and clay mi11eral 

c ements are composed of chlorite and il.lite, and kaolinite is absent 

except in the uppermosl and l owcrmost parts. On the bnsis of thes e 

data, it is suggestcd that the Upper Member may h,we been depositc.d in 

a variety of Transitional Realm 11 rn.Jrine" sub-environrnents, such as 

beach, dune, ] Rgoon , barrier, and ncar-shore . The basal hundrcd feet 

of sandstone containing the kaolinite clays with il.lite nay eit hcr 

repre sent fluviatile deposition or reworking of clays from the Lower 

Memb er , probab l y the latter. On the bnsis of the illile-kao1-inite cL::i y 

suite, and the near abscncè of cliJorite in tlie upper few hundred feet 

of the Upp er memb~r, {t could be suggested that non mar in e conditions 

had r eturned to the area, howevcr , this ma.y rcpresent only the continen­

t al conditioas that have characterized the region since mid-Proterozoic 

time. • 

The Carswell Form.'ltion (Bl ake 1956; Fahrig 1961), a cherty and 

·stromato litic dolomit.e of local occurrence conformably ovcrlies the 

Athab asca sandstones (Curri e 1969). As botli the Carswell and the 

Upper Membcr of the Athabasca arc interprctcd as marine depo s i.ts, these 

two closely related units indi.cate that the sedimentation cycle of the 

Athahasca was tcrminatcd hccause Lhe source of the sand disappeared 

and the area inundQted by narine water . 
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1 . 

CONCLU ST ONS 

The thick, cr·oss--beddcd, Lower Membcr of the Athabasca Formation 

is cornposcd of nonm..1rine, fluviatile sandstones, and the thinncr, 

well bedded Upper Member consists of coastal - near shore marine 

sands tones tha t .are probab ly confor rro.b ly over lain by the Car swc 11 

dolo mite. 

2 . A period of non-dcposition , with or without erosion, IT'ay have 

intervcned belwcen deposition of the two members. 

3. Dis tinctive, we ll round ed, detrital, pale, a pple gr ee n clay 

grains that are common in the Upp er Member are composed of 

illit e , and probably represent diagenetically altered g l auc onite, 

which in turn i s believed to have originated by a l terat ion of 

detrit a l biotite gra ins . 

. 4. The clays in the shale parti ng s and sandstone ce me nt s of the 

Lower Member are compo sed of illite and l ao lini te, and thosc of 

the Upper Mcmber a re co mpos ed of illite and chlorite, the con­

t1·ast in mi neralogy probab l y reflecting the difference in de-

positi onal environment . 

5 . The only radioactivity in the Rump e l Lake core exists in a few 

zones, ea ch severa 1 inch-es thick, in the lower mos t few feet of 

the basa l c ong lo mera te in the Athabasca Forma tion, and in a 

few thin zones of the underlyi.ng re go lith where counts per second 

rise only l½ - 2 time s nor ma l background . 

6. The 6-foot thick, red-ooroon clay regolith tliat direct ly under­

lies the Atha bas ca For oo tion probabl represcnts the in situ, 

chemica l wea thered zone of granitic metamorphic a nd igneous 

ba semcnt rocks, and exhibits a downward decreasc in ka o-

linite content, and complcineutary increase in illite. 
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CO RE l>E SClU PT! 0:,1 -O F / TlJ '.,n .. \SC,\ FOR: ~\'J'l o:~ RU!fl'i:T, L/,KJ-: , SASK;\'J'Cl!l~l-JM/ 

Unil 

1 

2 

Lilhology 

Sandstone, prcd om . white, pale pink 
i n uppermosL part; somc zones maroon ; 
a t 150 ' is 2\ ' maroon 1,;ith 1/ 8-1/16" 
dar.k maroon spots which are very 
por-ous, grains coaLcd wilh hemtite ; 
from 160--180 ' consid . dark maroon 
sp cckellin g and zones of pale m . .woon ; 
210- 18 ' maroon rnoLLling; 218¼-22 ' 
maroon wi t:h fc\~ \vhi le bands to l ", 
color gr adin g down ; 237¾-242 ' 1Mroon ; 
245-47' maroon; 
quartz cementcd with t races white clay ; 
some zones up to sever a 1 fee t c l ay 
c.e me n tcd ; 
poros i ty gen crally fa i t, vcr y .good i n 
some zones ; good in uppcr few fee t; 
mi dd l e and upper part coarse - and 
very coa r se - graincd wi t h s cattrred 
medium sa nd a,1d sorne granu l es ; 1ower 
par t preclom . medium-grained; 
s ort i ng fair to poor i n uppe r pa r t ; 
good to fair in l ower ; t ex t ura 1 
l amina t ion Lhroughout in whi ch gra in 
si ze a nd sort i ng vary consi<lerab l y ; 
good roundin g of gra ins J estroyed by 
qu art z overgrowt hs ; 
cr oss-bcdd ed . 

Sa ndsto ne , nu mcrous ma r oon -pur ple bands 
1/8 " t o severa l i nches al t ernat i ng 
wi t h thin white band s ; 
ceme nl cl with white c l ay ; t race of 
qu art z c e ment sand ranges from ve r y 
fi ne to rned j um ; some ver y t hi n 1am. 
with coarse sand and ro.re mi caceous 
clay fil m; average gr ain size f i ne ; 
strong t exlura l l ami nat i on r epr csent­
in g all co rnbi na ti ons o f grain s i ze and 
s orting from good to poor ; 
roundn ess r anges from sub - a ~gula r. to 
rouncl cd wi Lh i nc r eas ing s i zc; 
~or os it y most l y poor but f a ir to good 
in s anie l aminne a nd th in zo nes ; 
cross- b edciccl ; 
gr.-idcs down even l y o.nd 1n...,roon f,:Hics 
to \·1 hi t e . 

- 1 -
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LilhoJogy Thj clrncss De:p th 
• 

Unit: 

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

3 

4 

5 

• 

Sand s Lonc, white; 
prcdom. quartz com,~ntecl but s11ul l 
.-imount o[ \vhi. t:e cl.-iy; sancl ran2,es 
[rom fine to coarsc; medium sand 
pr •d omin . ; sorti ng ran~es from good 
to fair; textura 1 laminélti.on ; poro­
sily good but poor in parts; 
grains rounded; partly destroy .d by 
quarLz cemcnt ; 
traces of py1·ite 
sur faces 

on vertical fracture 

Sandst:onc, purple and nuroon bands frac­
t ion of inch to severa l inches wide 
allernate with white ; purple bands 
c ommon Jy cross - eut prim.'.lry l aminati on , 
occurr i ng as irrcgular bands, blotches ; 
s ome b lote hy ,-.,hi te pa te hes i n maroon ; 
color blcac hr>d wlii Le a long fractures ; 
be l ow 302 ' purple l enticu l ar patchcs up 
to severa l inches wide do not fo ll ow 
def i nite l ayers ; color fades Lo whi t e 
a t base ; 
cemented with qua r tz and white c l ay ; 
pr oportions vary but clay abundant; 
porosi Ly poor though fai r . in sorne 
zon es ; 
sa nd ranges from very f in e to coarse ; 
fin e sand predom. ; somc medium sand 
sca t ter ed , r are coarse grains ; some 
purple zones pr edom., very f i ne ; l ower 
par t contains more medium sand and l ess 
very fine ; 
sor t i ng is good throughout most of unit 
roundness in crcases with increasjng 
s i ze ; t hi n l ayers claystone occur at : 
300' i s 3 " pale gr eenish-grey, sil t y , 
wi t h 1m1scovit c , occ ur s o.s l aminae up 
to 1z "; 302 1 i s 2 " p.:i l e t a n, silty 
cla ystonc ; 316 ' is 3 " pa l e greenis h­
t a n, s ilty , rnicaceous .c l ay upper con ­
t a ct ver y s harp and irr egu l ar , erosion­
al; 
c r oss-bedded t hroughout 

Sandstone, white ; color grades up ad clown ; 
s light ly cemcntccl wi.. th smo.11 a mou nt of 
quartz ancl wlii. te c l.:iy in upp er p:1rt; 
lm~ er part sma 11 ;1moun t of ,war tz; 
porosity good to,cxcoll~nl; 
sélnd r:.rngcs fi-on fi.ne to vcry coarsc; 
medium and c ,n·~c f;:1nd pt·cclorn i.nate ; 
granules 1:arc in coc1rsL'St ,,on'~,; 

16 285 

71 356 
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Unit LJthology 'J'hickncss Dcpl'h 

5 (Continuccl) 

6 

7 

8-9 

sorting fair to good; strong tex­
tura 1 l amination; 
cross-bedd cd .. 

Sandstone , wl itc wiLh purple bands ~ ,, 
to scvera l incl1es in upper part; . in 
middle are pale purple bands ; lowcr 
part ,,1hite; 
mainly whi Le c lay ccment but some parts 
mosLly quartz ; 
porosity poor but ncar base in quartzi­
tic zone fair; sand ranges from ~ery 
fine to medium; very fine and fine 
predom.; in lower few feet slightly 
coar scr with some medium nnd coarse 
sand in laminae; 
san<l subangular to subroundcd ; 
at 378' is 6" pale tan, silty clay­
stone with sharp contacts; at 382 ' 
is 6" pale tan-grey silty claystone; 
l ithology changes abruptly at base 

S(ltstone-claystone , m.:1roon with pale 
green specke l s and bloLchcs ; 
upp er 15" non-silty claystonc, mar oon 
with tiny green spcckels and blotthes 
1 mm . to 1"; ver y high l y micaceous 
with green and white mica; having 
strong parallel orient; mica i s of 
silt to medium sand grade ; 
middle 30'' siltstone, maroon, strongly 
speckcle<l pale green; very hi ghly 
micaceous, ,.,bite and g1een, with paral­
l el orient; white clay cernent; argi l­
l aceous; some J2-- l" len ses of pale green 
siltstone; 
10\ver 6" claystone similar to upper part ; 

20 

lower contact extreme ly s harp 6 

Sandstone, upper 7-8 ' purp l e and maroon 
wi th b l eac hed s pccke ls 1 1rn11. -½; " common 
and some 6-8 11 zones pale greenish-grey ; 
renBin<ler naroon with abunclant pale 
speckcls; 
cemcntcd with whi:tc clay cxccpt for 
some thi.n layer s and laininae of quartz ; 
porosity gc,ncrally poor bul. very good 
in somc friable zones; bclow 420 ' vcry 
porous; 

370 

390 

396 

r. 



• UniL 

8-9 Continu ed 

10 

11 

12 

• 

U thology 'J.'hickncss 

s and varies in adjacent J.arninac and 
zones Gut fine and medium sand pre­
dorninalc; parts arc distinclly bi­
moda 1 wi th fine sand and scat tcred 
medium to v ry coarsc sand ; some 
zones are prcdom. medium to v0ry 
c oarse ; hclow 420' 11;cdiu m and 
coarse gr.1incd; 
lar ger grains rounded to well rounded; 
below 40!1 ' sand is friab l e ( bigbes t 
occurr ence) and rcp. boundary hetwecn 
unit s 8 and 9; 
abuncl.:in t ver y we 11 round cd mica 
flackcs ( green) and sof t, applc 
green clay gr ai n s which a rc vcry 
numerous in thin l a111i nae as wcll as 
scattercd in wider zones ; 
cro ss -b cdded . 

Siltstone - sands ton e , imroon with fine 
pa l e green spe cke l s ; argillaceous 
si. l t stone to vcry fin2, silty sand ­
s t on c ; n on -porou s ; sorting good ; 
abunda nt highly roundcd green mica 
grains ,,.,i th b l eached halos; some 
apple gr een clay grains ; 
l ower contact s barp .. 

Sanclston e , white ; cemcntcd with white 
c l ay; no porosi ty; med;i.um-graii1ed ; 
we ll sorted; applc gr een , well 

40 

4 

r ound ed , sof t clay grai ns conuno n . 1 

Sa ndstonc, ma roon with pa le m:1roon to 
pa l e green spcckels ; color cha nges 
abruptly a t base ; 
c eme nt ed witb white clay staincd by 
bematitc; 
uni t not homogeneous ; mostly vcry f ine 
t o fine gra incd , we li sortcd , ti ght; 
at 465 ' is 3 ' purple , clay cc111e ntcd 1 fine 
t o c oars e sand with somc vcry coarsc sand 
a nd very abundant highly rouncled soft , 
appl e g r een clay grains; undorlain by 
20 " p2lc gt· ec,tüsh-grcy si lt s t onc ; 
a t 47 2 ' i s 6 " p a 1 c g i: e en i s h - p: c y , i 1 t y , 
v e ry [ino sand wi th ahunJant clay cernent 
and nu nh:rou? mica and app le gi:cc n c h1y 
grai.ns; 
[rom Li30-82 1

.~ 
1 i s 

vcry fi 110 sand; 
p;1 l e grocni sh-<>rcy , 
contoins a {01~ beds up 

Dcpth 

436 

44 1 
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Uni. L LithoJoey Thi cknc-ss Depth 

12 (Cont.inuc·<l) 

13 

14 

15 

to a fe\·7 inches thick of nuroon, 
specl~le<l claystone grading vcrLically 
to siltstone an<l sandstonc; 
well roun<lccl grt'.'en mica and soft, 
apple green clay grains comrnon to 
v ery abundant in some zones 55 

Sandstone, maroon to ,,,bite; 
cementcd with whi t e clay ; friable; 
non--porous; 
predom. 1ncdjum-grained, but sand 
ranges from fine to vcry coarsc, few 
granules; sorting is variable, good 
to poor; parts are well sorte<l fin8~ 
gr~ ined ( comr,1only m:1 ro on ), parts fine 
and medium, parts poor ly sor tcd medium 
to very coarse; 
grains rounded to highly rounded; 
soft apple green clay grains fairly 
abundant; ncg li gib le green mica 
grains ; 
l ower contact sharp 19 

Claystone , sandstone; iroroon claystorl<?. 
with tiny bleac hed speckels occur at 
top; rnicldle, bottorn: 11 " , 36 11

, 7 11 

rcspectively ; 
pale greeni.sh-white fine-grained , \-.1ell 
sorted, clay cemented sandstone is in ­
t crbedded 1.L, " and 27 11 respcctivcly; 
l ower contact rapid l y gradational . .. . . 

Sandstonc , white witll maroon and purple 
banding; zones of whit.e and pale maroon 
eac h scveral fcet thick aJ.Lernatc in upper 
part ; purple bands bc gin at 611 1 and con -

• t i nue to base wi. th some breaks; from about 
625 1 almost continuous purp l e bands frac­
ti on of inch to 3 11 t hick ; purp J. c bands 
foll ow J.aminae and a J. so are in~egular and 
c ross - cutting, being vcry irregular in 
pa rt; 
c emen t e d wit h white c J.ay very abundant ; 
i. n some zones up to sevcr a l fcct thick 
cl.:iy cernent is .'.lbse n t or incipicnt a nd 
sbghtly quarLzitic; fri.:1blc to compact ; 
poroi;i.ty 1110.stly poo1·; some ;,.oncs very 
good ; some quartzitic zones ti gh t, others 
have fair porosi ty; sa n<l ranges from vcry 
fine to cLiarse, witli somc vcry coarse and 
rare f,ranu lc~s in somc J.ami.nac; fine and 
mcùjum s:rncl pr clominaLc; unit · not homo­
gcn"ous ; consi;ts of alt:crna tin;~ zones [rom 

8 

496 

515 

523 
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Li thology Thickness Ocpt h 

15 (Continu"d) 

16 

17 

l amirae up to severa l feet o[ con­
t rasting grain size and sorLing , such 
as: very fine-fine; fine; fine­
rncdium; medium; medi11111-coarse ; fine­
mcdium-coarse ; vcry fine':.medium; 
contains occasional argillaceous and 
sj lty, maroon or green zones a few 
in ch ·s thi cl:; 
528-32 ' maroon , argillaceous, si lty, 
v cry fine sand, with abundant green 
mica 
576-80 1 maroon argi llaceous and si lty 
zone 
58l~' is 3-4 11 gr eenis h si lty claystone 
585' is 6 11 nnroon s ilty clay, tone • 
587' is 8 1

.
1 maroo n si l ty clays t one 

sorting is ienera lly good but in a lter ­
nate zones ranges from v cry good to f ai r ; 
above 600 ' soft , hi gh l y rounded app le 
green clay grains are ·:cry abundant in 
some zones, typica lly conc . in tbin 
l anrinae an<l ~lso sca ttcred ; beco rne l ess 
nu mer ou s downwar<ls and only r ar e gr ains 
be lm-,; 
green mica up to very coRrse grade very 
abundant in the argilla ceous and si lt y 
maroon zones; ver y r are e J. se,v herc ; 
at 562 ' is a white i.ntraformational clay 
fragment 2 11 long ; 
596- 97 ' are small rounded intraforma ti.on­
al white, clia lky clay pcbbles , one pos­
sibly scvcra l inches long; much is 
cross-bcddcd .. 

Sandstone , white or white and purple banded; 
cemen tccl ,,1ith white clay; non-p or ous; 
predominan tly fine-grainecl; · f ai.r ly well 
sort ed; conta :i.ns some maroon siltstone 
un its and several inches to l ' thick 
wit h green mica ; app l e green clay grains 
oc cur sparingly ; 
rccovery poor; t hickness and lithology 
poor] y known . . . . . . 

Sandstonc, \vhite, pc1rt i a lly c ~mc nt cd w:i. th 
whi t, c l ay; good poros:i. ty; [j nc-~;rai necl 
with :.ui.:111 proportion mC"CH u m f;and; well 
sortccl; Grai ns su hrouncl ,tt . 

- 6 -

239 762 

16 77 8 

9 787 

1 

I 



• Unjt. 

18 

19 

20 

21 

22 

• 23 

Lithology Th ickncss Dqit h 

Siltstone, 1mroon ; clay ccmcnt cd ; coarsc 
s ilt; well sortcd ; tight; hard ; mic a ­
c eous , grc.:cn and white mica ; uppcr con-
Lac t sharp; grades dOl•m èven l y . 5 • 792 

Sandstonc, whi Le Hi.th p1..:rplc to pale purple 
bands l mm . to sev,·ral incbes thick; 
c e men Led wi th , .. ,l)i Le c lay; sorne bminae 
with quart,, ccmet t; 
poro s jty ranges from very poor to excel­
l ent in &cljacen t l aminéle and layers; s orne 
zones a fc,1 fcet tlii ck ccmcnted wi th quartz 
and Light and hard; 
sand ranges from very fine to very coarse; 
me lium sand preclomi na tes , consic!erab l e 
v a h ation, strong t extura l l amin a tion in­
cluding; fine-medium, fine , medium, 
medium-coarse, medium and coa~se with 
sorne ver y coar se , very fine to coa r se , 
sorting in adjacent l an~nae r anges from 
good to poo1·; 
about 842 1 a re abunclant, 3.pplc gree n, 
so[t clay gr a ins and r are green mica ; 
20 11 above base is 3 11 pa l e green clay­
stone w·ith somë small gr een n1ica flakes; 
10" above base is 1 11 13roon clay ; 
cross-bccldecl ; 
lm•1er cont.3.ct sharp . 

Silt s tone, m..·:iroon; cla y c ement ed ; 
grained; wc ll sorted ; tight; 
ereen mic a with blco.c hecl halos; 
contact sharp . . . . . 

coarse­
ha r cl ; 

101,er 

Sand s Lone, white ; ce mcnted with white clay ; 
non-porous ; upper part very fine- grained 
beco ming coarser in lm.n'r part where it is 
v ery fin c -fine -- mediu m; 
fairly numerous soft , apple green, we l l 
round c<l c l ay grain s in l owcr part ; 
lowe r con tact s harp . . . . . . . . 

Siltstone, pale gr e en; cementecl with white 
clay; possib l y argi llace ous; wcll sortcd; 
abundant sma 11 greeil mica grai ns ; lowc r 
conta.et v c ry s har p . 

Sand sLonc , wlti.tc; pa1:tio.lly èe mcntcd with 
whit e c ] ay ; fri:iblc ; ·good to xcc. 1.lcn t 
porosjt y; 
prcdo111inanLly mcdju m-gr.3.i ncd, hut s.:ind 
ran z_;cs [ ·0111 fine to co:trsc; parts Arc 

55 

4 851 

9 860 



. Unl.L Li tlio l or,Y Thickne ss Dcpth 

23 (C ontinucd) 

25 

26 

27 

28 

• 29 

fine-medium, mediurn-coarse; most l y 
wc 11 sor t.ccl; 
wcll roundcd, soft , apple green grains 
lrical l y abundant ancl occur cormnonly as 
l ami nac 

Claystone , pale green ; soft 

Sandstone , pale maroon , spcckc l ed and mott led; 
below 902 co lor lii.ghly spcckeled but a J so clis­
Linctly 1.ami nntec! ; ccrnented ,v ith white c l ay ; 
su b friab l e ; porosity poor; sand ranges from 
vcry fine to medium ; fine sand prcdominates ; 
t extura l lamin nt ion i.n wl 1ich gr ain siz8 and 
sortir1g vary considerably; a few zones are 
silty, v ery fine sand ; sa~d gra ins rounded ; 
soft apple green clay grain s ver y abundan t; 
gre'"ll mica fcw to rare ; 
occasiona l tnt rafornn ti.ona l white clay 
pe.hb le to cormnon in sorne zones ab ov e 900 1; 
at 922 ' occur two · subrounded 2 " c lay 
pcbbles ; 

1-2 

cross -h edd ed . . . . . . . . . . . . . 43\ 

green mica grains; Clays tone , rnaroon; 
contac t s sharp . . . . . . ' 

Sandstone, ,,hi.te; cerncnt ed with white clay; 
friable; porosity poor; 
predomin antly medium and coars c sand; 
some fin e sand; sorting fair l y good ; 
gr ains subroundcd to r ounded; 
soft>applc green clay gra ins common ; 
gradational doonward s .. . .... . 

Sé! ndstone, méiro on with some bleachi.n g and 
mottlin g ; uniform to base whcrc sharp 
colour chan ge occurs; 
ce mented with white clay staincd by 
hemat i te; fri able; sand ra nges from 
fi.ne to coar se ; mcd ium and coar se sa ncl 
prc.domina tc; sortinz fair ; 
sand round cd to well rounded; 
soft> applc green clay grains abundant 

Sandstone, ,•:li:i.te 
purple -m.-iroon 
p i. nl· band s; 

wi.th r cg1·1 Lu: to_ :i rrcgu l a r 
bands; bc l ow 968' arc pale 

cemented wi. Lli 1vhit c ] é!y; frié1hle; 
por osiL y varies i.n ;:id j :.icL'.nt ] ;_1nri.n,w 

zones from v0r )' poor LO vory gnod ; 
and 
purple 

l 

6 

8 

884 

92 8 

929 

935 
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29 ( Cont:inucd) 

30 

31 

32 

33 

l>and<; common]y more pocous lh.1n wl:i te; much 
lius fai1.· po1 Oé, i.Ly; 
snnd ranges 1ro1,1 fine to coar1;c ; rncdium and 
COi:tr10 prc-dorninat·c ; bt')ü\,J 97G' bccomes 
gradually fincr giainc.d; sorling is fair Lo 
good; sou~ zones arc fine) fine to medium, 
or medium nnd coarsc; 
grains ïou11du.l to we 11 roundcd; 
soft apple crecn clay grains vcry abundant 
in sornc. zones, absent: in other s; 
at 9G3' j s 6rr of m:croon cL:iy wi th green 
mica fJ 1kes and vcry sharp conlacls; 
lower conta L gradationa l and arbitrary 

Sandstonc, pale maroon , becom_i_ng tlarker in lowc:r 
1 alf wi Lh trainsi LJ on zone do mwards; • 
c emcnted \!i th ,-1hi Le c Lly; non-porous; 
fine-gr ai ncd, s l.i.glit ly 0rg i 11 ac cous ; wc 11 
sortcd; lowC>r lialf very fine-fine , maroon, 
speckelc.:d, a1Jundant ~rccn mi.cil; 
soft , applP green clay grains abundant ... 

Sand s tonc, m·1roon to pale maroon ùown to about 
991:; t.o b.:1sc pre:dominantJy grccnish and 
maroon b.:1odc,d ui Lh .:ihundant :-;pcckc l s ; 
ccmcntcd with white clny; non-porous ; 
haret, co mpncr ; vcry finc-grained, silty; 
grades clo1m ~réldu.'.llly by becorn:i.ng sillstone; 
lamin atcd textura lly; 
contnins a fcw tbin zones up to a few .inchcs 
thick of clayston c ; 
soft, applc green grains and r,rcen mica 
common 

Claystone, l.:11ninatcd pale green and ma.roon; 
abovc 1000' vcry distinct green spcckell5ng ; 
bclow nnroon wilh pa]0. nuroon mottling; 
ver y highly si lty nnd sandy in son,e zones; 
conl ai ns somc green n1ica; 
1009-12' pa le g1:ecnish-grcy-1-1iütc , vcry f:ine­
gr.:iincd sandstonc cemcnled with, hitc clay ; 
contains n 6 11 péllc green claystonc \.1ith green 
mica and sharp contact s 

Sand s 1-onc, upper 5 r wlli te; be J ow 1023 ' be cornes 
purpJe b.:1ndc<l m:rny of 1-.'lli.ch .:1re quilc irregu]ar 
;rnd blotchy, ,,,ith n,oltling; purp]e bancls cle­
f:ine <lt,fin:it' ittLl.incd L::unination; somc zones 
uuiqutily banckd on a vc1y snnll scal(' (,vhitc­
purpll•-nuroon 1:it:liin l"); in )0\-.,or 1k lf zones 
,wc 1ihit.0 :ind otlicrs nrL; whilc ,~itll pu1: p]e 

lrnnds; 

.. () -

35 978 

5 983 

12 995 

20 1015 
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Unit Li i-!10] ogy Thickness 

33 (C onti nued) 

35 

36 

uppc·r .5' white, quartz ond clay ccmentecl, lwrcl, 
Ligl1t, to [airly porous , wilh so,re green , soft 
clay grai11s ; 
belo_.; 1(121' cer,cnteJ wilh white cJ.ay; 1095-
]102 ' rriore quartzitic, liard, brittlc with 
lil le clay cc~~nt; 
sand ranges from fine to very coarse; con­
sisls of zones and extremely numerous Lhin 
lamina e composc.:d c,f all cornbinations of 
grain size :.ind sor tj ng from fair to ver y 
good; very slron~ly laminatcd throughout; 
sand is mosLly friable and the porosity is 
fair to vcry good in alternat.:..ng larninae; 
occasi nal l arninae are quartzitic and tight; 
grains rounded to wcll rounclc<l; 
some soft, highly rouncicd apple green clay 
grains commonly occur in some zones, ah sen t 
in others; rare below 1077 1

; 

at 102]' is l" dark green clay with sharp 
contac-L; 
at 107 3 ' is l' of clayslone, nBroon and 
green, finely 1r:ottled, with abundctnt 
gr ·en mica and sliarp contacts; 
at 1103' is 6 11 of pale maroon claystoue 
with ver.y sbarp contacts; 
at. 1105 1

,; 
1 is 2" dc1rk nt.:1roon clc1ystone , 

pure, wi th green nu.ca and sharp con Lac ts ; 
low<·r contacl very sharp and flat . 101 

Claystone-si ltstone, 1w1roon wi th green 
L:.lrnina c ; lonses a nd laminae of silt; 
very abundant green ndca in very thin 
laminae; very sltarp contacts .... 

Sanclstone, whilc wit·h pale nuroon bands; 
cernentC'd wit:h quartz and white clay; 
non-fri.ab le; 
porosity fair Lo poor ; 
sand fi.ne to ço2r~e; pr<.>dorninan.tly u1cclium 
and coarse; parts have high proportion 
of fine' sand; 
sorting ranges froro poor to good in dif­
f<:'re>nt zones <l1d. L:uni.nae; 
san,l vc 11 ro1-cindcd; 
iù 1ciwc,r ha If ~ffE:' som0 soft, npplc green 

1 

c-lay gr,1i1 s and rxcc·n 01i c-:t in L-luünac . . 17 

C layt-:to•w-s L 1 t:stl'nc,; 
uppcL 3r r.:~u:oon , .la, ~:ton·c, si lty in Luninac~ 
mir(-tC,.'Ous; sp~~cl·vlcrl gr.:cn; \ 11 r,re<·n cJ.ay 

Dcpth 

1116 

1117 

113{, 
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Unit Thicknc.s:; 

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

36 (Continued) 

37 

38 

39 

at base; lower contact vcry sharp; 
belm1 is 3" sundsl()nc, H;cdium-grai.ncd 
al base r,radin3 up t:o fine; quartz and 
clay cer1r:11r-ccl; hard; lower contact 
vcry sh~tp; 
dü\-m to abouL 1142'+is maroon claystone 
wit:h green spcctelin~.;; contai.n:; sorne thin 
hcd s of grcy-\1lii Le s1nd !,;·-2 11 thic k; c lay 
adjacent to sand laycrs bleachcd to pale 
green J /16-½;" widc; srmcls are fine-medium, 
cemc•ntccl \Ji.th clay and quartz, tiglit, and 
bath contacts of s.:ind L:iyers cxtrcrnely 
sharp; 
lowcr contact sh2rp . 

Sandstone, Hght grey-vcry pale nnroon-pinkish; 
cemen tccl wi th white: c Lly; non-porrius ; har<l; 
mcdium-z~rained with so;,;c fine sand; contacts 

8 

sharµ . . . . . 2 

Claystonc \.•it:b sandstone; maroon wi.th pale 
green speckels ; cont.:ii.ns an 8" and 11" 
mcdiurn-gr.aine<l sAndsLonc. similar to #37; 
some green mica pr sent; a 11 coi tacts 
vcry .harp . 5 

Sandstone, upper half down to 1173' is as 
follows: 
white and purple han cd; cementc<l with 
white clay; friable; l ow porosity; 
sand rélnges from fine Lo vcry course; ~ery 
strongly laminatcJ; grain si~e ~nd sorting 
vary wid~ly in adjacent laminac; sorting 
ranges from poor to good; tliin laminae with 
coarse and vcry coar rc sand typical; 
sorne speculm: hcm1.Li.tic in the purplc bands; 
rare grec, mica and applc green clay g1~ains; 
cross-beddcd; 

lower half bclow 1173 ' is os follows: 
white ; cemenlcd \,1 iLh \vhite clay; friable; 
low paros · ty; sand ranges from fine to 
vcry coarse wiLh sonK, granu le s; stron3 . 
texlural ]ami.nation; nll dcgrees of sort­
ing .incl grél in sizc found in ad jacent 
1Arninac; somc lami nac ;1re f in c-gr;:iincd 
a11d ,vell sor tcd; olhcrs cont.:ün very 
coarse sand with granules; sortin~ of 
the unir- as él whoh· i s poor; a ver y <lis-• 
lincti. e coarsc, poo1:ly S()rlcd unit; 
sand roundcd to ,.,c,J.l ro(111dt'd; 

Dcpth 

1142 

1144 

114 9 



• 

• 

Unit Li.Ll1ology Thi.c:k11css 

39 (ConLinucd) 

40 

vcry l~ltlc green mica prescnt; rare 
int:r .:iformaLion,11 clay chips up to l"; 
strongly cross-bcddcd; 
l ower contact vcry sharp 

thi.s is the lowesl occurrence of friable 
sandslone in the formati.on 

Sandstonc, uppcr part Lo 1323' i s .:is folloï,s: 
pale m.troon uith considerablc banding of 
li ghL grcy and pale maroon ; a l so ver y 
fine s.pcckcls ahuwlanL; l.Jandin~ - and 
blotche,; are pink, p1lc maroon; d.:irker 
maroon and light grcy; some zones are 
white; 
c cment0d Li.ghtly with white clay; hard ; 
n on-porous; this unit scems much b.:irder 
than over lying c Jay ccmentc.d sands and rnay 

b e s l ightly siliccous; 
uni l dislinctly finer graincd and bcttci 
sortC'd Lh'1n 1139 ; sa11d ranges from vc,_"ry 
f:in e to rn0dium; vcry fine and fine pre-­
clo minates; con 'idcrab lc var-Lt1 tion of grain 
sizc and sorting in zones and lnminae which 
occur in somc parts; l aminac conL.lining 
med ium sand occur tln-oughoul and also t·here 
are ;:on es i nchcs Llü.ck wi th medium sand; 
a fcw laminae conLain coar c , wel l roundcd 
. and but this is rare ; 
sor ting ranges [rom p1 cdominant ly good Lo 
f air in ad ·ac:ent laminac and some lanü.nac 
ar c poorly ·ortcd; 
con tains a fe1•1 extrernely Lh "n pa l e grcen'dt 
c l ay parti ngs ; 
gi~ecn 1ni ca cxcc 'dingly rare ; 
cros s--bcdclcd; 

lower part Lielow 1323 1 is as foll01-.1s : 
ligh t grcyish, pale purplish grey ; 
cc mentccl pr.èdomin,;ntly 1-Jj th qunrtz and a 
s nviJ 1 amoun t: of intcrstitial 1,hitc clny ; 
ver. y liard ; tii;ht, non-porous; 
sa1 <lis [inc to co3rse ; rare vcry coarsc 
grains j n somc l ami nne; good Lcxlura l 
l aminai ion 1-Jilh cons:icl 'l':lb l c rnnge of 
gi.:,ti.n i:d Zl\ ,ït1ll sorLing i.n ndjucc1t lunri.n.:ic 
a.ml byci: s; 
sorti ng mudcratl' t o goo,l; 
qunrt z CL'1nc•11L c\('stroys gooJ roundncss of 
mos1- gr:-iin~;; 

- 12 -
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1 
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1 
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Unit Lj ri1ol.ogy Th.Lch1css 

40 (Conlin11cd) 

41 

L+2 

a Ji t tl c spccub.r licma Litc occurs ll1rougli­
ouL; 
green mica grai ns vcry rare; 
occasional l-2 11 maroon or zreen argilla­
ccous ;;ones; aL 1369' is 2 11 of grc~cn 
clayey siltstone with very sh3rp contacts ; 
at 1385 1 is V/ ' hcd; 
cro ss -bcddcd; 
lower contact very sharp ...... , .. 

Sandslonc, purplc; cci.1cnl cd witl1 white clay; 
vcry kir<l; Li gh 1~, non-poro11s; 
prcdominantly ver fine and fine sand wit h 
scattcrcd medium and coarsc sand; uppcr 
foot very fine to coar sc , poorly s orted 
and spottcd; 
sorting fair; 
lar gc r gra ins well round cd ; 
c ontains a littl specuL:n: l1ematite 

Sandstone , purple and pirk handed with some 
whi c ; cer1entcd with quart% and white 
clay; no visible porosity except in 
upp er fcw hundred feet; bard; 
grains range from vcry fine to very 
coarse sand, granules and sm3ll pcbblcs; 
definil e incrcase in grain sizc with 
dcpth; 
very strong textur a l lamlnat:ion and layer­
ing throu ghout; sor tin g as a \vhole is poor 
but individual la minn-2 rru.y be well sorted; 
grajns nre rounded to ~el l roundcd; 
charactcrizc<l by sma ll intrafornuU.onal 
c l ay pcbb les; 
contain s a number of green to m'.lroon si lt 
and clay l aycrs l/ 8 11 to 4" Lhick; 
probably cross-bcddcd throughoul; 

in dctail the unit is as follows: 

Color : 
1!108-lf0 strongly b2.nded wilh pale 
purple ancl pale 111-1.rc,on; ovcr mJ.ny 
fect in some parts no banding 
J.Lil10-1711 liglit grc-y-\•1hiLc 
1711-22 Hidc p2.lc purple b,rnds 
1722 - 1609 lighL grc-y-whit c 
1809-Jli pale purp le b allC ing 
1834-50 pa le pu r pl c ~nd p~l~ nuro0n 
b ands ., lL C' rn_.1t:c with H :~ ht gr cy 
13'>0-ltJ8,' hy 1850 v~•ry colocful pink 
,1nd purpJc bo.nding, p:1 lc to d,ll:k, 11on1c 

203 

5 

Dcplil 

1403 

f 

\ l 
1 

i 
f i '. 
1 

lL108 1 
1 
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Unit 

• 
.] 

.] 

l 

.] 

Litho logy 

following textural l amina tion, many 
cross-cutting 
1988 abrupt t ermina tion of maroon and 
below pa l e purple bands a lt ernate with 
light grey; within ncxt hundr ed fec t 
light grey bands becomc pinki s h a nd 
gradually darken so by 2100 purple and 
dark pink ba nds occur as · before; band-

Thickncs s 

ing extreme ly uniform; extend s to 2255 
2255-68 purple and light grey bands 
2268-2900 purple and pink bands; contacts 
of color bands very sharp; pink fades to 
light grey to very faint pinkish 
2900-307 8 1 pink fad es to light grey gra­
dually and by 3019 is more grey tha n 
purple with some thin pink l aminae 
3078-4450 pink and purple bands, very 
well deve loped; by 3716 some light 
grey bands appear; 3735-60 abundant 
delicate purple and maroon lamina tions 
above and b e low wide bands 
4450-70 purple and li ght grey bands 
4470-4538 pale pink, purple and some 
light gr ey bands 
4538 light grey band s cha nge to dis­
tinctive pink that alternates with 
purple; some white zones occur below 
4600 

Cernent: 
quartz and white clay in genera l vary 
inversely in amount, 
quartz dominating in the lower part, 
clay in the lower part; 

1408-2900 quartz cernent predominates 
and bonds most of the sand; some 
lamina e are cemented with white _ clay, 
and there are others ce~ented entire ly 
with quartz; between these two end 
members are laminae containing all in­
termediate combinations; at l east a 
little clay is present in most l a minae; 
most of the rock is hard and brittle 
and nuch is extremely bard and quartzitic; 
rnany laminae have -good to -excellent poro­
sity, while adjacent laminae are ti ght; 
below about 2900 1 thin laminae with some 
clay bec orne fair ly co,mmon thou gh the 
sand is bonded by qu artz and clay is in­
terstitial; 
by 3000 clay becomcs abundant but still 
interstitial; 

- 14 -

Dcpth 
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Li Lho I o;;y Tl j cl~lll!~,S 

Ccmeu l (Conti 11u cJ) 
bclow "1000 a col'.;ider.ahle amount of: 
whj te c lay occur s in the cand J.nd quar t2 
is r;ubordjn ,1Lc , 
wi.th grc·ater dept li white cby iucrco.scs 
in quantity and qu.1rtz br~comes quite 
m.i.nor 

Grai n Si.zc : 
VC'ry strong Lcxlur,11. l amination and 
laycd ng Lbr.ou 6 hou t; 
gra<lual incrc1.sc in average rnaxirrum 
gra j n si.ze with depth; 
san<l ran3cs fror,1 ver.y fine Lhrough 
vcry coarse 

1408- 1555 vcry fine to coarse san<l ; 
sorting and grain sizc vary in 
adj acent l aminéte and l aycrs; pa1 t s 
are ver.y fine-fjne graincd ; 
bclow some: gr<111ulcs occur in la rninae 
c ontaini ng abundan t ver y coar i;e sand ; 
sand is fine to vcry coarse, strong l y 
l am1-natl'd; 
by 2731 and possihly above Branu l cs are 
l ocalizcd a lonB larninae one grain thj ck 
and are quilc numcrous; L1tn:Lnac of very 
coarsc sand and grnnu lc s arc quilc 
nu mer ou s be low ; 
hy 2925 a fcw }4" pc.l.Jblcs arc ·associ.::itcd 
uith the granules an<l vcry c oar c sand; 
hy 2961 v cry coarse sand hcco nu ng common­
ly di sscminJted wi lh [i.ncr sancl along 
L:un' t1él.C; 

at 2998 arc lamj nae with t " rounclcd quar t z 
pehb les; 
snnd is fjn e t~ very c oarse and r 2t her 
poorly sortc<l as a whole but individual 
laminne nny be wc ll sortcd Lhoug h some 
arc poo r l y sort0cl, (rnd coa1mon ly hi.omodcl; 
sedi mcn l. J t i. 0;1 uni ts rnngc from l ami nae 
up to m::rny inchcs thick and lllil)' b e pre­
clominant ly fine, medium, or coar :c a nd 
poorly sorte.li; a brge par l is pr ed omin­
antly 1110dium-3rn incd and mocl cra l. c ly 
sor tccl; 
at 3379 ;1170 sca l.tL~rcd \" s11hrouncl cd 
qu nrtz pc.ohlcs in n 2" :~Olle; bclo1-1 
vcry coar,;l' ,;and, :,i:·ant,lcs and snnll 
pcl,bJcs in l,1m.i.11ac hvco111t ' Lh.i ckcr ,1ud 

Deplli 

t 
1 



Unit 

• ---

• 

J,j_ 1 lio J.o.:_:y 

----- ---
Gr.ai11 Si%c (Conli.nucd) 

by 31100 rcach l '' .i.u Ll,i.cknr.:ss; at 
J/.1GS if; 6 11 of vci.y coéu1,r.: so.nd w:i th 
granules, hr.:1,-it.il:e r;rainjng, high poro­
siLy and vcry shar p conuicts; 
from 3~00 ver; co~rse sand laminac and 
laycrs hccom,! r1orc num2rous and thicker, 
som~ zohcs of vcry coarse graincd laminac 
up to 6"; 
Lvlow 3600 is a high proportion of coarsc 

'J.ï1i kner;s 

and vcry co2rse sand; commonly the coarscgt 
zones containing 6ranu1C's and fine pebbl.es 
are purpl<:>; 
be J O\J 3 700 lam.i.nae wi th medium to vr>.ry 
coarsc sand and granule:s and zones of 
coetrscr grc1in.cd lar.iin.a c are up to sevcral 
i.nc lies thi c k; 
t hcrc arc a fc1-1 l:." pchl; les scaLt:crcd ·_through­
_out; vcry coarsc sand and granules are 
abunda11 t; 
3771.i prcdorninantly coarsc grain cl with 
medium and very coarse s,:nd ; sLrong 
l cxturnl lamination. and laycring; 
around 3900 and bclm-.1 prcdominantl· 
c oarse and vcry coan,l: graiDed wi .h 
granule z 1ncs up to 4 11 ll1ick; 
at 3965 a 7/16 " quarLz pcbble nolc<l 
conrsc1 zor1<..!S up to ] ' thick all rnate 
wi t h fj ncr zones of simi lar to r;rc:i ter 
t lückness; uni L is bccomin[; p1·Nl0tnir:ant-

'. 'l y very coarsc-grainod, grnnulifci·ous • 
'sandst.onc; 
~ at 3985 is <: 2 " thick granule conglomcrate> 
, well sortccl, porous; l , 

• bc l o~,; /1000 rock is gcncra l ly conrsc-very 
!;'coarsc Sélll 1-1ith ~rant1liferous ·zofl"C.''s';' 

:'buL also medium grain.cd zones. ~,ith· 
1 c o:u-sc to vcry coo.rse sancl larnii1nc,. occur; 
C . • . .. 
, t/ 4_--3 / 8 " pebhlcs nre p1·csent in mrny . 
J ~o"ncs; pebb l es rarc·J y !-/' ; _ 1 

:,rèoar~c :and \icry co:irsc' Séllld preclomin.:itcs 
c-'a \1d· corit~in's• gri.rnules ; .• fincc '.g1·ilinecl ' 
é.'l~bn:c~s- o·i..:. medîum-co.1rsc ' snnd n1·0 • 11p ' Lo 
z'.9.-11, _thick ;· • ·coai-scr zoncs .: up · to • 12! ' ,;~ 
6 at~~4J.G5: is -iJ)J)rbxi.nnte t1:gi nniiif; ;of 
"'' I· f 1 . '. • •• • ,·· 

'·'ti.-ëncl-' Lb f:inc1 ·s :i zc.1v1t!1 lost-1, of·vcry 
llt\>"o.~sb' s;ricr ·;înd ·r.;rarn'1id ,, l ayl'fs·,; •J ).iy 

c9-IH,S n'll ·vct·y CLiélrse· ·gt·àj nc1 cl · layl•i:i; 
/., . •• . - . . .. -, . . 
'~li so. ppcai: and ~1v('r age gr<.11.n ':;u:c--u; 

< nîcti°iuP\ snnd 1s>i.t.h line c111cl co:10;_:, sand 
r la);c,rs; vèry c ~u:-se sand-ancl granuJcs 
1_nbi,-l'l~t.; 1iiuc:h js p1.·L1domiM111t.lv fj11e. 
' and m~0 diurn gr.'l i nc·cl wi.t h r;o1iK' c -iarsc ., . ,. 

- lG -
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Gtai.n Si ZC! (Cont i_1n1C'ci) 

J.arni_n;:c and scnlterccl COé'r[;c grains; 
vcry slrollgly J.amina1-c• <l; 
aro1rncl /f39ü son,c Lhi n laminac of ver y 
coar s, sand bcgi.n to appc•ar and i.n-
cr asc in n11rn1)cr and Ll1ickness ùo1vn­
\•1ard; 
hy 4470 fi .ne to very coarsc sand 
occurs; st:i.-01,;.;ly laminatcd and 
laycrcd; zones wilh vcry coarsc sand 
range up to ahout: 12"; unit vc•ry poor­
ly sor l cd hcn~; 
bcJm, lf538 prcdornin.::intJy coarse :rnù 
ver y coar sc gnnned bu L wi th rnuch in ter­
sU tia l mC'cliu111 and fine sand; 
by 4600 and probab ly wc 1 J ab ove i L sorne 
t hin L.1rninae w_. Lh granules occur; sand 
is coarse and very coarse with zones 
and laminac of medium snnd ; [inesl 
gra-Lncd L:iminélt! a1 e of fine sancl; 
coarscst arc of very co3rse sand with _ 
a few granules; 
at basc vcry coDrse-gndn d vitli 
granules 

Sorting: 
the unit as a wholc is poorly ,·ortcd to 
vC'ry poor; in <let.ail, llowever, rn.:iny 
l an~nae are fairly well sorted Lhough 
many arc poorly sorted; 

Roundness: 
sand grnjns cenK'nted 1-,y ,~hj_t.c clay arc 
r ound d to well rouocleù; those cemcntecl 
by quartz have had Lhc original good 
roundncss destroycd hy sccondary ovcr-
gr owths; 

Acc cssorics : 
b cginn:i ng al 1558 ' i ntraforrrotional 
dctrital clay fragm nts appcar and 
c onti nue to ncar the base ; 
two t ypes of fragments are prcsc>nt; 
on e i s soft, pale pinki sh-c r eam­
white , typically anguhr; the olhcr 
i s ligbl: green, somc11,liat ha1de1:, 
t yp:i.cally thin, curlcd ;rnd benl 
p lntcs commonly 1/8 11 t.lnck and up 
to 1 11 

hH11,; 
nnny fr;1~;111,'.nts :n-l! di sk-skipccl; 
otllcrs ,lrè l'quant blod, s ; at Ll10 

.. 17 -



Unit 

• 

• 

Accc:,soi:i t'S (continucd) 
top LliLy occur i 11 wüJcly scp:1r.:it.cd zones 
up Lo l-3 11 thick; tlicy ran;;c from pure 
c Li y to Id ghly si lty; nowherc arc l hcy 
abundant, v~ry sparscly scatt.crcd 
Lhr.oup,ho.il; 
around 1.700 ' about G fr.:tgmcnts noted in 
20 1

; 

at 1923 ' fragments at lcast 2 " long occur; 
at 2000 wl,i te fragw(~nt with rraroon 
blotchc·s; pale purplc fragments v,ith 
white h]oLchcs also notcd ; 
by 21100 [ra~;n,e11ts rat ber rare; 
bcloH 2600 many fragr,ents nuroon; 
bclow 4367 no iragmcnls observcd; 

i n upper 36 ' crystals of honey-. 
colourcd dolomite ahundant on fracture 
sur .[ace:s 

at 1696 and 1707 srnall irrcgu l ar 
patchcs of very fine pyrite cryslals 
occur on fracture surf~ces 

sm'.l. 11 crystals (very fine-fine sand 
sizc ) of spccular hcn1alitc occur 
throu ~hou t a 11 but the uppc.r white 
part. of lhc unit , and givc Lhe colour 
to the purple bands 

f r om 4411 ' clown are numcrous . very 
cl c li ca l c 1..Jl:ick larninac composed of 
highly roundcd, vcry fine, black , de ­
t r i!.:al mct2llic grains which follow 
pri m:iry lnminatjon and secm to be 
coa[inccl to the purplc bands; occur ­
r i ng in tlh~ lami nac él.re numcrous wel l 
r oundcd, vcry fine zircon grai1 s , be ­
l ow 4600 the se L:iminae a r c fair ly 
abuncL:int ; 

b e l wcen 208 1 ' and 4 113 ' are twc n ty­
thr ec argi llaceou s layer s ranginr, 
fro m pure c l ay Lo silts t onc, oncl in 
th icknc,;s from 1/S" Lo 4 " but most 
ar e l css tha n l ''; _ t hcy range in 
c o l our from nuroon to pa l e green and 
t yp :i co lly tlwy h;we very sharp con- • 
tacts ; combi m•d t lückncss is only 
;-ibou L 28" 

Stru.cturc : 
:i nclincd L1minat· i on~; l.hroughoul sug-

1 n 

'J.'hi cknc:;i: Dcpt.h 
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Struct·ure (Co11ti111icd) 
gcst thaL prob:Jl.>ly tl1c cntire unit is 
cro,;s-lH-!clckd Lho11gl1 on di ffer.onl scales 
and i11 diffcrent ckgrccs j_11 p.:i 1:LicuL.ir 
Z011C'S 

lo.-:er c:onlélct ltj_giily gradational and 
arhi tré..r y . . . . . . . . . 

Cong lorn·ratc and congJomcralic s.:indstonc 
uppcr 8 1 cong lomcra te ligltl ;:rcy Lo 
pink; c~rncnLcd with white clay; very 
littlc porosiLy; harcl; wcll roundcd 
quartz p(->hbl.cs ] /8-~ 11

; maLrix con­
sists of fine to co.:i,:-se sand anJ 
granu lf'E;; ;:ibundœ1t flccks of spccu­
lar he 11dtiLc ; ncar midd]c is zone 
with scatlcred rnusLard-colorcd lirno-
1t.1.LC: grains; at Lop lami n;:ic with 
abundant dctrital black metallic fine 
to mcd ium grains; 
lowcr 2 fcct js conglomerntic, granu­
liferou s sandstonc c.:cn-,,utcd wit:h 
white clay ~nd cortaining abund;:int 
dctrj_tal black metallic gra ins 
4760-76 js as follows: 
15 11 f.in e to very co2.rsc, very poorly 

. sorLc<l, san<lslune, conglomcratic, 
cc: mc nLed with white clay 

9 11 cong lomcra te, pink fj_ne pcbl5 J es \ 11
, 

nstrix of fine to coarsc sand 
ccmcnLcd ,~it.11 whi.te clny; scat ­
tcrcd nuslard-colorcd alLercd 
li muni te grains ; 

14 11 sandstone, pale pinkisb, medium to 
vcry coarsc sand, highly gr;:inu li­
fcro11s, ccmcritcd with white clay, 
ti.ght, él.bundan t ver y fine WC'.é.lthcred 
black detrital mctal lic grai ns 

2 11 conglomeratc, fine pebb1 c as above 
19 11 sanclsto1w, riedium to vcry coarsc 

sand; ce rncntcd with whUL! clay , 
abundant flecks f sperular hçm;:i­
tite 

15 11 r;a1~dstonc, pale pinkisli, ccmct1tccl 
w i. LI 1 1v l d. L e c Jay , sa n d mo s t 1 y c o a r s c 
aucl yc:_>ry c0:n-sc, somc 111<_•dium and 
litt le [ it,L'; H,rny gr,1 nu le:,:; ancl [ inc 
pc )blcs; vvi:y poor]y sorlt~d; hc1111-
Li te r;Lainin;>, and [lecks of spccuLr 
J1c,m1t:i te; ::on'tJ part üi,;s rn1d ']anri.n:ic 
of lll\U;t;ud-coloi:eù lin:oni,tc 

Dvplh 
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• 

L-i t.110} o,.•,y Tli i.cl~ncss 

J II cr>ng lo: 1crtJ te, grr•yish, fj 11"'· pcbb lc~s 
!,;-3/8", rare:ly 1,: 11

, mccliur,1 Lo vt:.!ry 
coar.sc s,rnd and ;'r.:tnulcs; cc17cntecl 
witll white clay; vcry abundant black 
dclrit.:il r.:r•tallic grain~:; a grain of 
maroon, fl-.ky clay nnteria] [rom undcr­
l ying repoli.th ~one 

t~ 11 sanclstone co<1rsr'. to vcry coarse, 
sj nri J.;,r to above 

18 11 conglol!.eral:e to sandstonc, fine 
pcbble 3/8-15. 11 1 o con ~lomcr.atic 
sandstonc; medium gr.cy; ce1,1cnted 
witl, clay; snncl rncdiu;11 to vcry 
co~Œse; ahuncl.:inl spccu]ar hcmati.tc; 
alJtrnd,"nt black, rncLaJ.Uc clet:rital 
grnins in zone>::: 

15 11 c n1_;lor,c:?:"aLe, pinki sh-nuroon ;. lü ghly 
sl.:::ined wi Lh lic rn;iti lc; pcbblcs 
average 3/8-½" and bccome f:incr in 
lowe>r fcw inc~0s; sand fin~ to ver.y 
coarsc, ,.,j th granules ; c0n:L'D tcd w1 th 
white cL:1y; abunchnL powicry rrDJsl.arcl­
col orc<l limonilv and alt ered grains; 
r are rounded 1:1i.ca book 

8 11 sandstonc, grcy , quartz ccrncn t ecl ; 
pr cdcrnlnantly medium antl coarse 
~raj1wd lwt wilh fincr and co;:irscr 
grc1 i 11ed l aminac.; sor.:r> c];1y ccrr.c.nt; 
ver.y abundaut black dct rj LJ 1 metal­
U c grains 

7 1 3 11 conglomcr.-itc-, pale maroon,; ccmei1tod 
.,Ji.Lh ,,hite cL:1y ; pcbblc i;izc avcra30 
mï:d tr:um is i-3/4 11

; in lm,c'.r 1-2 1 

roundcd to wcl l rounded quar l z pebblcs 
rc ach 2 11

; 

matrix con s i s ts of f i ne t o vc1·y 
c oarse sand w.it:h granuJos ; very 
abundzrnt hem.1.titc sta ining of clay 
ccmcnt; 
fl ccks of powclcry , mustarcl - co lorccl 
l imonite common thr oughout·; 
con tains a littlc pyrite; 
scattered th oughou t ancl fair ly abun­
<l anl in J.owcr 3 1 arc dctr ita l, wcll 
toun<lcd, hla ·k mc ta llic grains o{ 
Lh c fincr s011d ~rade s ; 
1 n s2mJ) le Ji_; 1 abcvc base• m:c somc 
whi tish-r,rey, opaquo mi.c;-i gr.'.lins ; 
lowcr contact c~>:t.r,~1•:L,Jy ::h.:1q • and 

flal .. 

'.l'ot< 1. Thi ckn~ss , t h:l11.1t:co Fo1111: ti on 

.. 70 -
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4-6 

• 

Hc ~o ]jLh, rt1st/ rvd-r,·troon, cJ.1y-Jikc 
w1 tr:ri.1l, rc•hLivcly l!.1rd rock but 
ca:..:i.ly sc-1.,itc-hed v1ith k11ifc; i;c.1t­
tt•rc:cl i;i.n l J. irrc-,~11 lar 1 ~ght gre:y 
nns E:cs of rp1 n1·tz ; wa:-:y t:cx rur.C>cl, 
ta)c-likc 1~t0 rial in uppcr fcw inclics; 
no pisolilic ~truclures; -ulicl cry­
stalJinè· graniti c texture Llirou[;hout; 
no (•vidc•nce of rcworkin'~ 1..,y walc!J:; 
wcak 1adioacli.vity in a few Lhin zones; 
['.,J·adcs clown r-:1picl l.y . . . . . , . . 

Transi ti.011 Zone; und cr. lyin~ gr.::rni Lie 
rocl:s cliange gr;:1du;, l]y from gi:cyish 
wi.th bro·.,m to green mica bclow Lo 
dist:inctly rnroon with ligllt grcy 
qu:irt;,: pa tcl11.:s ah ove . . . . , • • 

Bascmcnt Rocks, grani tic n~ct:arnorplüc 
and possibly igncous ; from about 
9-25 fcct br· loo top Lhe erani tic 
roc!~ con tains mi.ca wld ch i s brown 
Lo rusly bro•,;n and fclclspar that is 
soft, chall:y, wl1itc, allcrcd ; frorn 
25 t:o !10 fcet be lm., topnù.ca is d.:irk 
grce>n and fcldspar dru]l, pale lliaroon, 
rclativcly so(t, ~ud structurclcss; 
corc ends in granili.c rocks Dt 511G (c-ct 

·- 21 .. 
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• 
X-M.Y ])J l'L-'RACTO:-;E'J ER CL\Y /u:i\LYSES 

,ïJ l!AL,\SCA i.'Ol;H\T Ü·• 1, 

S/iNDS'lONE CJrnENT 

-- .- - - ---% Clay----------

Mémber Unit No. ~th Kao!. I 11. Cli 1. Mxd. L.1 y. 
-

1 102 3 9G 1 
1 135 5 93 2 
l 180 6 93 2 
1 211 ~ 95 1 ., 
1 235 4 96 l 
2 7.58 28 3 69 
4 353 2 79 19 
8 403 36 64 
9 435 7,3 27 
12 L1-7 5 33 48 19 
13 497 12 88 
15 538 ~4 76 
15 610 -?? ~5 
is 717 ?4 ~6 
p 781 18 82 
19 825 19 81 
23 876 ~o 90 
25 899 15 85 
25 ~Q7 p ~7 
is ns i9 F 
29 959 16 81.,. 

'.;13 1030 9, 7 ?- 1 

l]PPER "" ;,.;> l0L18 {>O ~10 

33 1Q73 M 4L1 

)9 1188 12 fi8 
(10 1237 v,,_ 86 
4() 1276 {3,6 V1 

4.0 J,.?1)5 lOQ 
(10 1~09 t1J 3. 9, p 
40 l;t{4 \~ W• z. 
(10 1);29 H V7 l 

• /~O 13Lr6 ?-) Y0 J 

1,0 116/1 ?9 71 
f+O 131)2 ?P. 73 l 
40 1397 )3 76 l 

t, 1 l/108 70 30 

,_ ""..,. ,... '"'" .. ~ - ,., r. ..... - " .. .. -~- -· - ':"' -:-. ~ ·- ~ ,, - ,,, .~ ... -... - ... - ':"' ... -~· - ----- - :~ -- -· -, .. -. -:- ----........... - .... ----~· -..., --

,.. J .. 
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-- -· -··----% Cloy----------
Mr.inbcr Unit No. DeJ2.!_i2 Ko~i_!. I 11, ChJ. Mxd. La.y. 

42 1429 , 211 75 1 
42 1560 1 99 
42 164 Lf 29 71 
42 1726 21 79 
42 1796 18 77 4 
42 1867 20 80 
L,2 1962 l? 88 
42 200) 5 95 
42 2170 10 90 
42 2239 )2 88 
42 2393 13 87 

LOWER L¼2 2633 31 69 
42 28Ld 21 79 
42 2913 31 69 
42 3019 32 61 6 
1\2 3529 64 36 
42 37 si~ 12 86 l 
42 40511 63 28 9 
42 L+4 7 7 33 67 
42 MiSO 32 68 
L12 47'/7 30 68 
42. !+739 31, 61.i 
i'.13 1,753 52 48 
1,3 L,7 58 76 24 
L,3 4760 83 18 

• 
- 2 -



• 
StL\LE 

------------% Clay-----------
Membc1 Unjl lfo, !:>.s~ !(a_~ 1 . J:J...!:.. Ch l . N,:c!_. Mont . 

4 300 51 l:9 
4 302 67 33 
11 316 44 49 7 
6 378 45 55 

12 l-17 8 3 94 4 
111 526 88 4 8 

UPPI:R 15 586 93 1+ 2 
19 845 93 4 /+ 

22 861. 5 87 3 4 6 
:u. ~84 97 2 l 
32 JOOO 93 2 4 
"') ') 
..)..) 1100 91 3 6 
36 J 135 71 10 19 

------------- --------------------------.. . . -
87 

... 
42 v.42 11 3 ... - .. 

li2 1570 28 69 2 
LOWER 42 2986 liS 38 ~ 

,. 
::> 

4 2 3251 li3 52 1 

41-1 4/77. 5 • sz 'I 2 • • • - 2 4 
REGOLITH 44 _1.730 · 23 67 -1 4 L1 

!:4 /1784 ·7 90 1 1 '2 

- ----
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