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LOWER CAMBRIAN ARC HEOC YATHID BUILDUPS, 
PELL Y MOUNTAINS, YUKON 

Abstract 

The Lower Cambrian succession in the Ketza River area , central Yukon, includes carbonate 
and terrigenous elastic rocks of predominantly shallow marine lithof acies. The y were deposited as 
part of the middle carbonate facie s belt on the continental shelf at the west edge of the North 
American craton. Th e succession ranges in age f rom early Early to late Early Cambrian and is 700 m 
thick. 

Detailed field and laboratory studies allow recognition of five lithostratigraphic subdivisions. 
In ascending order, these divi sions and the depositional environments represented by them are: 
(a) intermi ttently ag itated to quiet-water, fine grained terrigenous elastics; (b) restric ted marine fine 
grained carbonates; ( c) quiet-water, restricted to normal marine fine grained terrigenous elastics and 
minor carbonates; (d) quiet -water to intermittently agitated, subtidal carbonates and minor fine 
grained terrigenous elastics; ( e) intermittently agitated , subtidal. fine grained, terrigenous elastics 
and carbonates . 

Carbonate buildups, largely of organic origin, occur in the two upper subdivisions of these 
Lower Cambrian rocks. Those of (d), constructed by archaeocyathids and an encrusting algal-like 
organism, possibly Rena leis, are "potential ree f s" because they had a rigid organic fram ework capable 
of withstanding limited intermittent turbulence. The ree f s grew in quiet water below the surf zone 
and probably below normal wave base, but were periodically subjected to agitation during storms. The 
dominant reef archaeocyathids include Pycnoidocyathus, Protopharetra and Coscinocyathus. 
Altaicyathus?, al so found locally in the reefs, is remarkably like Stromatoporoidea, suggesting that 
representatives of this order occurred in carbonate buildups as old as the Early Cambrian. 

The buildups of subdivision ( e) are archaeocyathid mud "banks" with similar fauna as the reefs. 
Renalcis? is present but did not bind the archaeocyathids and these buildups lack a rigid, organic 
framework. The banks grew in an intermittently agitated environment that may have inhibited binding 
by Renalcis?. 

Rerume 

La succession du Cambrien inf erieur de la region de la rivi ere Ketza, dans le Yukon central. 
comprend des roches carbona tees et des roches clastiques terrigenes, qui apparti ennent surtout a un 
lithofacies ma:·in peu prof and. Ces sedim ents font partie int egrante de la zone des facies carbonates 
interm ediaire s du pla teau continental. sur le rebord ouest du craton nord-am ericain. L'age de la 
succession se situe entre le deout du Cambrien inf erieur et la fin du Cambrien inferieur; sa puissance 
est de 700 m. 

Des etudes detaill ees eff ectuees sur le terrain et au laboratoire perm et tent de la subdiviser en 
cinq unites lithostratigraphiques. On enumere, de bas en haut, les subdivisions et le milieu de 
sedimentation qu'ell es representent. On a done: (a) des roches clastiques terrigenes de granulometrie 
fin e , f orm ees dans de s eaux agitees de fa on intermittente; (b) des carbonates de granulometrie fine, 
formes dans un milieu marin confine; (c) des roches clastiques et volu mes mineurs de carbonates, de 
granulom etrie fine , formes dans des eaux calmes, en milieu marin confine a normal; (d) des 
carbonates et quanti tes mineures de roches clastiques terrigenes, de caractere subtidal et de 
granulom etrie fin e , form es dans une eau calm e ou agi tee de fa on intermittente; (e) des carbonates et 
roches clastiques terrigenes de granulom etri e f ine, de caractere sub tidal. f orm es dans une eau agitee 
de fa on intermittente . 

Les structures carbonatees, qui ant surtout une origine organique, se sont f orm ees dans les 
deux subdivisions superieures du Cambrien inf eri eur . Dans le cas (d), ces roches, qui ant et e 
construites par des archa eocyathides et un organisme semblable a une algue et secretant du calcaire, 
probablement Rena leis, sont des "recif s en puissance" parce qu'elles possedent une charpente 
organique rigide, capable de resister a des periodes de turbulence moderee. Ces rec ifs se sont for mes 
dans des eaux tranquill es au-dessous de la zone de def erl ement, et probablement au-dessous du niveau 
de base normal des vogues, mais ils ant ete periodiquement battus par les vogues pendant des 
tempetes. Les princ ipaux archaeocyathides constructeures de recif s sont Pycno'idocyathus, 
Protopharetra e t Coscinocyathus. Alta'icyathus?, que l'on rencontre aussi localem ent dans les recifs, 
ressemble f ortem ent a un stromatoporo·ide, et l'on pourrait penser que des representants de cet ordre 
ant contribue a edifier des structures calcaires des le Cambrien inferieur. 

Les structures de la subdivision ( e) sont des "bones" de boue a archaeocyathides con t enant une 
f aune comparable a celle des .recif s. Renalcis? y est present ma is ne lie pas entre eux les 
archaeocyathides, et les structures edifi ees ne sont pas caracterisees par une charpente organique 
rigide. Les bones se sont developpes dans un milieu agite de fa on intermittente, ou Renalcis? n'a pu 
cimenter les structures edifi ees . 
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LOWER CAMBRIAN ARCH EOCY ATHID BUILDUPS, 
PELLY MOUNTAINS, YUKON 

INTRODUC TION 

The Lowe r Cambrian of the Ket za River a rea , Yukon 
Territor y, is of pa rtic ul a r interest because it contains 
excellent exposu res of archaeocyathid carbon a te buildups . 
These struc tures occur in a 700 m thick, miogeoc 1ina 1 
succession which includes ca rbonate and terrigenous e las tic 
strata of predominantl y sha JJow ma rine lithofac ies. 

This re port describes the Lowe r 

The Ketza River area and it s vicinity have been 
prospected since 181/3 when Campbel l discovered the Pe 11 y 
River . In the early 1950s scientifical ly minded prospectors, 
impressed by the abu ndant, well preserved, archaeocyathids 
in t he Ketza River a rea , co llected numerous specimens and 
donated t hem to V.J. Okulitch at the Unive rsity of British 
Columbia . These collec tions, which were desc ribed and 
assigned an Ea rly Cambrian age by Kawase and Okul itch 

Cambrian succession and interprets its 
depos itiona l e nvironme nt. Special emphasis 
is placed on evaluating the growt h condi 
tions of the ca rbonate buildups. Although 
formed in ca lm water it is shown that so me 
of the se structu res exhibit evidence of 
potential wave resista nce and the refore may 
be termed "reefs" (sensu Heckel, 1971/). They 
were formed by the problematic sponge -like 
a rchaeocyathid s and an encrusting organism, 
possibl y the a1ga1-1i ke Renalcis?. The study 
of the buildups cons truc ted by t hese 
organisms provides insight into a t ype of 
reefa1 environment at least 550 million 
years old - the fi rst in which ske letal 
anim a ls, a rc haeocyathid s, pl ayed an 
important ro le. 

~ ! I 

The study a rea is within the St. Cyr 
Range of the Pelly Mountai ns in centra l 
Yukon Te rritor y (Fig. 1). The range is in 
northeastern Quiet Lake map a rea 
(Wheeler et al., 1960). The region investi
gated covers about 80 km 2 at the head
wate rs of Ketza Ri ve r, a bout 19 km sou th
west of the Tintina Trenc h. Ross Ri ve r, the 
closest settle ment, is approximate ly 50 km 
north of the Ketza River a rea . 

The St. Cyr Range is rugged with the 
highest peak abou t 2130 m (Pl. l). 
Helic opte rs , which can be chartered a t Ross 
River, provide the fastest and easiest access 
to the a rea . An abandoned mine access road 
that branc hes off Campbe ll Hi gh way 
(Fig. 1), terminates about 2 km east of the 
study area, but is passable onl y during the 
fall. 

Previous Work 

The Pe11y River, f lowing through the 
northeast co rne r of Quiet Lake map a rea , 
provided early invest igators of the region 
with a conve nient transporta tion route 
(Tempeiman-Kluit, 1972). It was fi rst 
travelled in 181/3, by Robert Campbell, a n 
exp lorer for the Hud son's Bay Company. He 
was follow ed by G.M. Da wson in 1887 , and in 
1935 by J .R . Johnston (Dawson, 1888; 
Johnston, 1936), both office rs of the 
Geological Survey of Canada. 

In 1956, 1958, 1959 and 1960 the 
Geological Survey of Canada systemat ically 
ma pped Quiet Lake map a rea during 
"Operation Pe11y". A preliminary geological 
map and brief descr iption of the a rea was 
published in 1960 (Wheele r et al., 1960). 
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Figure 2. Geological map of the Ketza River study area. 



(1957), have been used to make co rrelations between the 
Ketza River succession and other Lower Cambrian rocks in 
the Cordillera (Okulitch and Greggs, 1958; Ha ndfield, 1971). 

In 1967 and 1968 D.J. Tempelman- Kluit, of the 
Geologica l Survey, conducted a study of the Faro, Vangorda, 
and Swim conco rdant zi nc-lead deposits 80 km northwest of 
the study-area (Tempelman- Kluit, 1972). 

Present Work 

A re -examination of Quiet Lake map a rea, in the light 
of new geological data, was begun in 1973 (Tempelman
Kluit et a l. , 1974, 1975, 1976). During the summers of 1973, 
1974 and 1975, the writer was a fie ld assistant on this 
project . Field work for this report was ca rried out for 11 days 
in 1973, 2 months in 1974 a nd 5 days in 197 5. 

The 80 km 2 study area was geologically mapped a t a 
scale of l :50 OOO using the Cloutier Creek topographic map 
(N.T.S . 105 F/9) as base (Fig . 2). Fie ld data were plotted on 
aerial photographs and later transferred to the map . Detailed 
Lower Cambrian stratigraphic investiga tions inc luded 
measu r ing five control sections and extensive samp ling of 
three exceptiona lly well-exposed ca rbonate buildups. For 
convenience, the sections and buildups are named as follows 
(Fig. 2): (1) Shrimp Lake, (2) Tarn Lake, (3) Cache Creek, 
(4) Mount Fury and (5) Cloutie r Creek . The buildups a re : 
Shrimp Lake 1, Shrimp Lake 2, and Tarn Lake. 

Samples from all facies in the succession were slabbed, 
polished, and examined under the binocular mic roscope . Large 
specimens, some up to 25 cm in diamete r , were co ll ected 
from the carbonate buildups and polished slabs were made 
from them . These provide a more accurate means of 
evaluating component abundance and inter relationships than 
thin sections. Component abundance of the slabs was 
de te rmined by point counting photographs ove r laid by a 
transparent grid. 

More than 200 thin sections, from samples of al l 
facies, were studied unde r the polarizing microscope . The 
mineral composition of most ca rbonate thin sections a nd slabs 
was determined by staining (Friedman, 1959). Four thin 
sections of quartzite were stained to determine their 
K-feldspar content (Bailey and Stevens, 1960). The minera l 
constituent s of these quartzites were counted using a 
mec hanica l stage and polarizing microscope . 
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GENERAL GEOLOGY 

The argillite , quartzite and ca rbon a te in the 
Ket za River area are pa rt of a miogeocJinaJ succession 
deposited unde r shallow marine condit ions on the stable 
shelf ad jacent to the North Ame r ican craton 
(Te mpelman-KJ uit et a J. , 1976). Stelck and Hedinger 
( 197 5) suggest ed that the e ra ton Jay to t he east and that 
deeper wate r environments were west of the st ud y area . 
Several wr iters have postula ted t ha t throughout most of 
Cambrian time sed imenta tion took place in three ma in 
belts of facies that fringed western North America 
(Ai tken, 1966; Fritz, 1975 ; Ga br ie lse et a l., 1973 ; 
Palmer, 1960 ; Robison, 1960). These belts, na med in 
Nevada by Palme r (1960) and Robison (1 960), are : a 
la ndward "inner det rita l" belt, of sand stone, si ltstone a nd 
shale; a "middle carbon a te " belt , co mposed of carbon a t e 
rocks and an "ou te r det rita l" belt, dominated by sha le 
and argiJJaceous limestone . Northe rn extensions of the 
belts have been recogni zed in the Rocky Mountains 
(Aitken, 1966), Car iboo Mountains (Fritz, 197 5), a nd 
Mackenz ie and Selwy n mounta ins (Fritz, 1975; 
Ga brielse et a l. , 1973 ). Distr ibution of Lower Cambrian 
facies in the northern Cordillera, as illustra ted by 
Ga brielse et a l. (1 973 , p. 25), suggests that in th is region 
the inner detr it a l a nd middle ca rbonate belts a re each 50 
to 80 km wide . The outer detrital belt is little studi ed 
and its width is unknown. 

On the basis of its dom ina nt lithologies a nd 
interpre ted de positional environments, discussed in 
succeeding chapte rs, the Ketza River succession is 
considered representa ti ve of the outer middl e ca rbonate 
belt (F ig. 3). Its present positi on is reconc iled with the 
dist r ibution of the three facies belts by restoring 400 km 
of movement on the Tintina Fault (Fig . 3). Right la teral 
displacement of 350 to 450 km (Roddick , 1967; 
Te mpelman-KJuit, 1970; TempeJ man-KJuit e t a l. , 1976) 
occurred on the Tin t ina Fault af te r the mid-C retaceous. 
Such palinspastic resto ration indica tes tha t the Ket za 
River succession accu mula ted c loser to the craton than 
its present geog raphic position implies. Deposition 
probably occurred in the southern exte nsion of the 
middle carbona t e belt in the Selwyn and Mackenz ie 
mountains (Gabr ie Jse e t a l., 1973). 

Aitken (1966) demonstrated tha t re peated lateral 
shi fts in the position of the th ree fac ies be lts has 
resulted in overlap of the facies onto the adj acent belts. 
He suggested that these lateral sh ifts were cyclic and defined 
the basic sed imenta ry pac kage, or "Grand Cyc le" as 
" ... depositional cycles ... , each compris ing two or more 
fossil zones. . . Each . . . co mm e nces at a n abrupt basal 
contact, and consis t s of a lower sha ly ha lf -cycle grada tiona ll y 
overlain by a car bona te ha lf-cyc le ". (Aitken, 1966, p. 405.) In 
general, the sha Jy ha lf -cyc le ref lec t s a rapid transg re ssion 
resulting fro m increased wa te r depth and terrigenous influx; 
the carbona te ha lf -cycle results from gradual shoa Jing and 
c lea ring of the water (op. ci t., p. 437). Aitke n recogni zed 
eight g rand cycles in Mi dd le Cambrian through Lower 
Ordovician strata of the southe rn Rocky Mou nta ins. 

Fritz (197 5) com bined the concepts of Aitken, Pa lme r 
and Robison with his own trilobite zona tion (Fr itz, 1972) to 
formulate a model for the dis tribution of Lowe r Cambrian 
rocks in the Cordil lera (Fig . 4). He proposed three grand 
cyc les, with bounda ries corre sponding rough ly to those of the 
tri lobite zones. Fritz suggested that the Ket za River 
succession was deposited in the oute r part of the middle 
carbonate belt and that it spans the fi rst grand cycle and the 
lowest part of the second (Fig . 4). 
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DEP OSITIO N B OUNDA RY -- --

FACIE S BO UND AR Y 

PRESENT LOCATION 

OF SUCCESSION 
D 

PALIN SPA ST I C RE STORATI O N 

OF SUCC ESS I ON W H IC H • PLAC ES IT IN THE MIOOLE M I L £ S 

C ARB ON ATE BELT 
100 

100 
KILO MET"' ES 

INNER DETRITAL BELT 

MIDDLE CARBONATE BELT 

OUTER DETRITAL BELT 

Figure 3. Lower Cambrian sedimentary belts in pa.rt of the 
Northern Cordillera (modifi ed from Gabrielse et al., 1973). 

Stratigraphic Succession 

Reconnaissance wo rk divided the Paleozoic rocks of 
Quiet Lake map a rea into 8 units (Wheeler e t al. , 1960). The 
Lower Cambrian succession, 700 m thi ck and designated 
unit 1, is infor ma ll y divided into three parts; a lower 
quartzite, medial shale , and upper carbonate. Although useful 
in regional map ping, these divisions a re too general for 
detailed strat igraphic investigation. In this study, unit l is 
sepa ra ted into five Jithostratigraphic divisions termed 
subunit s l a, lb, l e , ld and le (see Fig. 5, Table 1). The 
subu nit s a re lithoJogicaJly di stinc tive and contacts a re 
generally sharp and unequivocal. The contact be tween 
calca reous a rgiJJit e (le) and ca rbona te (l d) is gradational and 
its posi tion is a rbitra ry. The base of subunit ld is therefore 
drawn where ca rbonate makes up more tha n ha lf of the rock . 
Subunits l d a nd l e a re of particu la r interest because the y 
conta in spectacular archaeocyathid carbonate buildups. 

Subunits l a -1 e a re a conforma ble succession without 
known stratigraphic hiatuses . The base of subun it l a is not 
exposed in t he study a rea. Subunit le , youngest in the 
succession, is unconformabJy overla in by unit 2, which is late 
Cambria n and younger. Unit 2 consis t s of ph yJJite , calcareous 
a rgilJi te, a nd thin bedded a rgiJl aceous limest one . 
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Table I 

Summary of physical cha racteris tics of subunits 

TH ICKNESS 
(METRES) 

40-
90 

120-
180 

105 

45-
60 

> 215 

LOWER 
DE C RIPTION co TACT 

noncalcareous, grey or green weathering, thin bedded 
to laminated a rgillite; lenses and tabular beds of ooid 
grai nstone/packstone, oncoid rudstone/f loatstone, and sha rp 

ske leta l packstone/rudstone; local a rchaeocyathid 
ca rbonate buildups 

massive, thin- to medium -bedded mudstone; argillaceous 
mudstone and calcareous argi llite common in lower beds, 

gradational oncoid and cryptalga l coated grain floatstone and non-
a rgi llaceous mudstone co mmon in upper beds; local 
archaeocyathid carbonate build ups 

brown weathering, laminated calcareous argi llite and 
argi llite ; thin beds of mudstone, wackestone, and rare sharp 
packstone occu r in uppe r pa rt of subu ni t 

dark grey weathering, laminated silty mudstone sharp 

noncalcareous, ru sty weathering g reen arg ill ite, thin 
bedded to laminated, minor thin beds of grey weathering 
very fine grai ned quartzite; loca lly thin- to medium - not exposed 
bedded ve ry fine grained quartzite is abunda nt 

E 

( AFTER W. H . FR I TZ, 1975) 

MIDDLE CARBONATE INNER 
DETRITAL 

E3 SILTSTONE 

~ 
~ 

SANDSTONE I THE POSIT I ON, PROPOSED BY FRITZ, 

OF THE KETZA RIVER SUCCESSION 

WITHIN THE MODEL. 

Figure 4. Theoretical model showing distribution of Lower Cambrian strata . Grand cycles are marked A, B, and C. 
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4 
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5 
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?---?----------
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Vertica l sca l e 
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l . 3 M..,. 

SUB -UNIT ld 

SUB-UNIT le 

2.4 km ..,. 
l. 5 M..,. 
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SUB -UM IT 1c 
-

not exposed 

6 .4 km..,. 
4. M..,. 

Metres 
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Feet 250 
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~ 
SUB- UNIT la 

(argillite facies) 

O M 2 SUB -UNIT l a ~ --\ 
1--------2- 3 

(Mount Fury quartz ite fa ci es) ? 
Base no t exposed Base not exposed 

Figure 6. Stratigraphic cross-section of Lower Cambrian success ion in the Ketza River area, Pelly Mountains. 

The general facies relations of subu nits l a to le 
(Fig. 6) ill ustrate seve ral broad trends . Quartzite of 
subunit la grades southwestward into a rgiJJite. ArgiJJite of 
subunit l c a nd interbedded ca rbonate and argi!Jite of 
subun it l e a re relatively uniform throughout the study area . 
Also of constant li thofac ies a re carbonates of subu nit ld, 
except in the so uthwest whe re large carbona te buiJdups 
occur. To the north, subunit ld is progressively more 
doJomitized. 

Age and Correlation 

Early Cambri an archaeocyathids and/or t r ilobites occur 
in all subunits save la (Fig . 5) which is devoid of she Jl y fossils 
and is of uncertain age . Fritz (1972) proposed 3 trilobite 
zones for Lower Cambrian strata in the Cordille ra ; the 
Fallota spis, Nevadella and Bonnia-OJenellus zones (Fig. 4) . 
Tr iJobite s co llected in the study a rea were studied by 
W. H. Fritz of the Geological Survey of Canada who considers 
them characteristic of the Nevadella and Bonnia-Olenellus 
zones (Fig. 5) . Identi f iable Nevadella Zone fossils first occur 
at the base of subunit ld. Nevadella, Olenellus and Laudonia 7 , 

an ea rl y Bonnia-Olenellus Zone genus, were collected from 
the basal 15 m of subunit l e. Hence subunit ld, and the 
Jo west part of subunit le, a re assigned to the Nevadella Zone 
and the remainder of subu nit l e to the Bonnia-Olenellus Zone. 
Fritz (197 5) projected the Nevadella-Fallotaspis zones 
boundary into the Ketza River succession from nea rby 
homotaxia l equivalents. He placed this boundary near the 
uppe r contact of subu nit la. Th is suggests that the ra re and 
poorly preserved trilobites of subu nits lb and l e belong to the 
Nevadella Zone and that subunit la is, at least in part , within 
the Fallotaspis Zone . 

Ages assigned on the basis of archaeocyath id 
assemblages ag ree with those determined from trilobites (see 
Kawase and Okulitch, 1957; Handfie Jd, 1971). The Ketza 
River archaeocyathids a re tentatively correlated with the 
Lena stage in Siberia (Rozanov a nd Debrenne, 1974). 

On the basis of trilobite and archaeocyathid 
assemblages, regional correlations have been made between 
the Ketza River succession and other Lower Cambrian rocks 
in the Cordillera . Sequences which a re of similar age inc lude : 
the Sekwi Formation in the Mackenzie and Selwyn mountains 
in the Northwest Te rritori es and Yukon Territory (Fritz, 
1975; Ha nd fie Jd, 1971) a nd, in British Columbia, the Atan 
Group in the Cassiar Mountains (OkuJitch and Greggs, 1958), 
the Yanks Peak, Midas and Mural formations in the Cariboo 
Mountains (Fritz, 1975), and the Donald Formation in the 
Dogtooth Mountains (Okulitch and Greggs, 1958). 

Structure and Metamorphism 

Strata in the Ketza River a rea are exposed in a broad 
irregu lar dome or cu lmina tion, rough ly 12 km ac ross (Fig. 7). 
This c ulminat ion is super imposed on older small and la rge 
sca le structures which are similar to those found in other 
parts of east ern Quiet Lake map area (Whee ler et al., 1960; 
TempeJman-KJuit et al., 1974, 1975, 1976). 

Large sca le structures are dominated by faults, folds 
being of minor importa nce in the study area . Two types of 
faults a re recogni zed (Fig . 2). The oldest are northeasterJy 
directed, mid-Triassic or younger (TempeJman-KJuit et al., 
1976) th rust faults with st rat igraphic throws up to 150 m. 
These thrusts a re disrupted by a younger set of steep dipping, 
mid-C retaceous (Tempelman-KJuit et al., 1975) faults which 
trend northeast and northwest and have strat igraphic throws 

7 
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At the northern and eastern sides of the study
area s teeply dipping faults juxtapose Lower Cambrian 
rock s against Upper Cambrian and younger strata. At 
the so uthern and western s ides, strata are "hinged", 
resul t ing in Lower Cambr i an rocks dipping away from 
the centre of the study-area and underneath younger 
strata . Combination of thi s "hingin g" and faulting 
has resulted in Lower Cambrian rocks being exposed 
in a broad irregular dome or cul mination . 

Figure 7. Structural setting of Lower Cambrian rocks in 
Ketza River area. 
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of l 00 m or so . Two of these steep dipping fau lts a re the 
northe rn and east ern boundaries of the study-a rea . They have 
greater lateral continuity and st ra tigraph ic displacement than 
many of the steep faults and juxtapose Lowe r Cambria n 
against Uppe r Cambrian rocks (Fig . 2 a nd 7) . 

Sma ll-scale structures a re local ly developed in the 
a rgi llaceous rocks . They include a slip cleavage or c re nulat ion 
foli a tion , c rinkle and fold axes lineations, and minor fo lds. 
The c re nula tion foli ation gene ra lly trends no rthwest. It 
tra nsposes bedding and approximatel y parallels the axial 
pla nes of small -scale folds . Spacing and displacement 
associa t ed with fo lia t ion planes is usually a few millimetres 
or less . On the microscopic scale these planes a re def ined by 
pa ra ll e l-oriented white micas. Locally, extensive c rys t a lli za
tion of these micas results in some rocks spli tt ing along the 
foliation in preference to bedding . Two linea tions, both with 
the same tre nd and plunge, a re noted . The most common is a 
c rin kle lineat ion fo rmed a t the bedding-foli a tion inte rsec tion. 
It plunges northwest or southeast a t angles which ra re ly 
exceed 20 °. The second lineation com pri ses the axes of small 
fo lds that deform bedding and which have a mplitudes of 2 cm 
or less . 

The roc ks are weakly metamorphosed to greensc hist 
fac ies as indicated by the mineral assemblage quartz
muscovite-dolomite in pelitic rocks. 



PALEONTOLOG Y 

The mai n foss il s fou nd in rocks of t he Ketza Ri ver 
success ion inc lude , a rc haeocyathids, t he stroma toporoid - Ji ke 
Alta icyathus? , tri lob ites , ech inoder ms , hyoJi th ids, 
brac hi opods, oncoids, c rypta lga J coated grains, a nd a 
proble ma tic encrusting a lga l- like organis m, poss ibly 
Renalcis? . This c hap te r descri bes t hese foss i l s and considers 
their environ ment a l im pli cations. 

Archaeocyatha 

Archaeocyath ids a re a g rou p of sessi le, rooted , 
benthonic organisms tha t had a world-wide dist ribution in 
Ea rly Cambri an shallow ma rine environme nts and whic h 
became ex ti nc t du ring the Midd le Cam bria n (H ill, 1972 ). They 
have affin iti es to sponges and co ra ls and a re pa r ticula rl y 
interesting because they wen7 t he fir st ma jor calcium 
ca rbona t e sec re ting anim a ls t o construc t ca rbonate bu ildups. 

The gene ra l for m of a rc haeocya th ids is an inverted 
con e or cup (F ig . 8). Skeletons a re usua lly l or 2 c m in 
d iamet e r and 8- 15 c m high. Most a rchaeocyathids a re solita ry 
a nd we re attached to the ocean bottom by means of holdfasts 
(Hill , 1972 ). 

Arc haeocyathid skele tons consist of a porous ou t e r 
wal l se pa ra t ed fr om a porou s inne r wall by a vo lume t e r med 
the inte r va lJ um. The inte r vall um may conta in a va riety of 
skelet al e le me nt s (Fig. 8) inc ludi ng radial, st ra igh t, 
longitudina l, porous septa, rad ia l, wavy longitudina l tae niae , 
horizonta l or a rc hed, porous tabuJae , a nd th in , bubb le -l ike , 
non-po rous dissep im e nts. Taen iae and sep ta may be jo ine d by 
small cy lindrical rods calle d sy na ptic uJae . The centra l cav it y 
li es inside t he inne r wa ll ; it conta ins few ske let a l e le ments . 
ExothecaJ g rowth s a re add iti ona l ske let al components of 
var ying shape and size whi c h may occur a ttached to t he oute r 
wa l l or ra re ly, in t he centra l cavity . These skelet a l 
co mpone nts have been inte rpre t e d as out g ro wths of 
a ttachm ent; outg rowths, without spec ific purpose ; paras it ic 
o rga nisms ; and independe nt, e nc rusting a rc haeocya thi ds 
(Ha ndfie ld , 197 1 ). Balsa m (l 973 ) considered t ha t exot hecaJ 
growths in a rchaeocyathid ree fs of Labrador he lped bind 
ske le t ons in to a r ig id fra mewo rk. 

Arc haeocyathids occur in subunit s l e , l d a nd the uppe r 
pa r t of l c . The fo llowi ng is a compos ite fau na ] li st of ge ne ra 
from t he Ketza River a rea which were ident ified by 
V.J . Okulit ch (Tem pe1man- K1uit 1973 ; Kawase and 
Okuli tch, 1958); 

?Rhizoc yathus sp . 

?Protophare tra sp. 

Arc haeocya thus cf. loculiformia Bill ings 

Arc haeocya thus sp. 

?Ethe mocosc inus sp. 

Coscinoc yathus inequivallus Kawase and Ok ulitc h 

C. se rra tus Kawase and Okuli tc h 

C. de ntocanis Oku li t c h 

C . sp. 

Pycnoidocyathus columbianus OkuJi tch 

P. cf . dissepime ntalis Okul i tch 

Metacoscinus sp. 

Clarusc yathus ketzaensis Ka wase and Ok uJ it c h 

Ajacic ya thus ne vadensis Okulitch 

A. purcelle nsis Okul itch 

A. cf. purcelle nsis Oku Ji t c h 

A. yukonenesis Kawase a nd Okulitc h 

A. sp . 

Unfortu nate ly, t he st ratigraphic positions of these spec im e ns, 
wh ich a re la t e Early Cam brian (OkuJi t ch and Greggs , 1958), 
we re not recorded . 

Exhaust ive systematic c lassifica tion of 
a rchaeocya t hids was not attempted in this study and onl y t he 
do mina nt t axa of t he carbonate bui ldups a re ident ifie d to the 
ge ne ric leve l. Archaeocyath ids are classified using Hill 's 
sche me (l 972 ) in which t he re a re two c lasses, Ir regu la r ia and 
Regu la r ia . Taxa from t he car bonate buildups are dominated 
by irregu la r gene ra of the su border Archaeocyathina and one 
regu lar genus, Cosc inoc ya thus? . Species of the genera 
Pyc noidoc ya thus and Protopha re tra account fo r most 
i rr eg ular a rchaeocyathids . Less abundant taxa inc lude the 
regu lar Ajacic ya thus and CordilJe rac ya thus?, the irregular 
Bic yathus? , and t he problematic, stromatoporoid -l ike 
Alta ic yathus? . 

There a re two common spec ies of Pyc noidoc yathus . 
One is sim ila r to P. se kwie nsis, a large, solita ry, cy1indro
conica1 form up to 20 cm high and lt cm in d iamete r. The 
inter vall um is wide and complex , with re lative ly straight 
taeni ae connected by numerous synapticuJae (Pl. 2a). The 
o t he r spec ies of Pyc no idocyathus is narrow and cy lindr ical 
with diamete rs usuall y less than 0.5 cm and heights ra nging 
up to 8 c m (Pl. 2b). C. Fong (pers . comm ., August 20, 1976 ) 
suggested this st ick -li ke fo r m might be close to P. uniseria lis 
and is t he same genu s found abundant ly in archaeocyathid 
"patch reefs" of Lab rado r. 1nterval1a are moderately wide and 
f ille d wit h th ick wavy taeniae Jinked by synapticu lae . 

TAENIA 
SY NAPT IC ULA 

SE PTUM 

INTER VAL LU M 

TA BULA 

~--,lf----/;f---~~- c ENTRAL 
CAVITY 

H O L OFA STS 

F igur e 8. A generali zed reconstructi on .of an archeocyat hid 
sk el eton (f rom Debrenne, 196 4). 

9 



• ,,., 

10 



Prot opha retra is a large, cy lindrica l, robust 
archaeocyathid with a diameter up to 1.5 cm and height to 
8 cm. Skeletal elements are thick, and taeniae and 
synapticulae form a complex mesh-like pattern within a wide 
intervaJJum (Pl. 2c). Exothecal growths are attached to the 
outer wall s of some specimens (PJ. 2d ). 

In ca rbonate bui ldups, Pyc noidocyathus uniserialis? 
and Protopharetra locally occur in th icket-like clusters in 
which a colonia l habit is weakly developed (PJ. 3b, 3c). Either 
taxon may be fused into catenulate colonies. These consist of 
two or more cups of the same genus ar ranged in a row and the 
outer wa ll is not developed between neighbours (Pl. 2c, 2e). In 
addition Protopha retra a lso forms dendroid colonies of 
branc h-like cups isolated from others except at their point of 
origin (PJ. 3a) . Clusters of archaeocyathids with some 
individua ls joined together were found only in ca rbonate 
buildups. Thi s suggests that c lustering may represent an 
adaptation to the buildup environment. 

Coscinocyathus is a large, so lita ry, cy lindrica l 
archaeocyathid . Thi s genus ha s a wide intervaJJum filled with 
upward arching tabulae (Pl. 2f) and numerous straight septa 
(PJ. 2g). 

Subordinate archaeocyathids in the carbonate buildups 
include Ajacic ya thus (PJ. 2h), Cordilleracyathus? (PJ. 2i) and 
Bic yathus?. In general these are small, fragile fo rm s 
compared to the dominant reef genera. 

Although not abundant, Altaicyathus? is one of the 
most interesting buildup organisms because it resembles a 
stromatoporoid. Spec imens a re commonly bulbous with 
diameters reac hing 6 c m (Pl. 4a, 4b, 4c and 4d). They may 
occur in clusters (Pl . 4h) . Columnar -shaped varieties, some up 
to 8 c m high (PJ. 4f, 4g) and tabular forms are also present 
(Pl. 4e) . Some spec imens have digitate extensions (Pl. 4e). 

Internally, Altaic yathus? consists of porous laminae 
0.5 mm apart with radial pi llars that do not extend across 
interlaminae (Pl. 4i). Most specimens have randomly oriented 
"tube-like" structures which lack walls (PJ. 4a, 4b, 4c and 4d). 
The "tubes" are I to 2 mm in diameter and filled with spar, or 
Jess commonly, mud. Their Jack of waJJs and random 
orientation suggest that the "tubes" may be borir:igs made by 
an unknown organism. Alternatively, they may represent an 
integral part of the Altaicyathus? skeleta l st ructu re. 

As Zhuravleva (1 970) has indicated, the affinities of 
AJtaic yathus are uncertain. Many workers have postulated 
that it is a n ancient stromatoporoid (Vlasov, 1967; Khalfina 
and Yavorskey, 1967); others an aberrant archaeocyathid 
(Nestor, 1966). 

PLATE 2 (opposite) 

Common Archaeocyathids found in buildups 

a . Pycnoidoc yathus sekwiensis (x2) 

b. P. uniser ialis? (x7) 

c. Protopharetra sp. (x3) 

d. Exothecal growth (E) on outer wall of 
Protopharetra sp. (x4) 

e. Catenulate Pycnoidoc yathus uniserialis? colony (x 15) 

f. Longitudinal section of Coscinocyathus sp. showing 
tabu lae (x4) 

g. Transverse section of Coscinocyathus sp. showing numerous 
septa (x4) 

h. Ajacicyathus sp. (x2 .5) (see also Pl. 5g) 

i . Cordilleracyathus? (xl8) 

GSC 203328-A 

The shape and internal struc ture of Altaicyathus? 
from the Ketza River area suggest to the writer that it is 
re lated to the stromatoporoids. Gangloff (fide. ) Rasanov 
(pers. co mm . , May 12, 1976) also thinks that spec imens sent 
to him a re stromatoporoids. If this is so these organisms, 
which are generally considered to appea r first in the Middle 
Ordovician, were present in carbonate buildups as old as the 
Early Cambrian . That Altaicyathus? exhibits possible borings 
is a lso sig ni ficant because such biological destruction is 
generall y thought to be absent in most early Pa leozoic 
buildups (Copper , 1974; Scoffin, 1971). 

Paleoecology and Affinities of Archaeocyathids 

Archaeocyathids probabl y preferred warm, norm al 
marine, shallow water (HiJJ, 1972, p. E27) and their presence 
in rocks of the CordiJJera indicates an environment of shelf 
deposition (Stel ck and Hedinger, 1975). Studies of the Siberian 
Platform suggest that water depths from 20-50 m were most 
favourable to a rc haeocyathid grow th and it is within this 
range that archaeocyathids construc ted their buildups (HiJJ, 
1972, p. E28) . Sediments interpre ted to have been deposited 
below 100 m lack archaeocyathids. These depth restric tions 
a re based on " ... the association with the blue-green a lgae 
Renalcis, the fragmentation of many skeletons, and the 
dimensions of the bioherms which with the algae, they 
(arc haeoc yathids) were able to const ruct." (op. c it., p. E28). 
The extent to which these depth ranges apply to CordiJJeran 
archaeocyathids is not known . Furthermore, if Renalcis is a 
foraminifer rather than an a lgae , as some writers have 
postulated (Riding and Brazier, 197 5), the validity of proposed 
optimal depths for bioherm construc tion may need revision . 

Based on Lower Cambrian carbonates of Labrador, 
Copper (1974) made seve ra l observations pertinent to 
a1·chaeocyathid ecology . He suggested tha t skeletal 
adaptations to higher energy biohermal environments inc lude 
(a) discoid shape, (b) dissepiments and exothecal growths 
whi c h served a strengthening role, (c ) dense wa lls and septa, 
and (d) squat, colonial structure, low dendroid forms. 
Adaptations to quieter water biostromal conditions a re thin, 
cy Jindrical, organ-pipe colonies and deeply conical forms. 
Archaeocyathid skeletons from ca rbonate buildups in the 
Ketza River area exhibit characteristics of both these 
biohermal and biostromal adaptations. 

Arc haeocyathids were low to intermediate level 
(0-20 c m) suspension feeders which probably filtered nutrients 
from currents that flowed through their porous ske letons 
(Bal sa m and Vogel, 1973). Most writers consider that the 
intervaJJum was the site of princ ipal life processes (Hill, 
1972; Balsam, 1973). Possible food sources may have been 
bac te ria, dissolved or suspended organic matter, and plankton 
(Bal sa m, 1973). 

The affinities of a rchaeocyathids, which have 
generally been regarded as ancient sponges or co rals , a re 
controversial (Okulitc h, 1943). Okulitch and de Laubenfels 
(1953) considered them to be sufficiently different from other 
organisms to erect a new phylum, Archaeocyatha (see also 
Hill, 1964, 1972). HiJJ (1972) postulated that archaeocyathids 
we re simple multicellular animals with a level of differentia
tion lyi ng between that of Protozoa and Porifera. Howeve r, 
some writers suggest that archaeocyathids are an extinct 
c lass of sponge and, therefore , shou ld not be elevated to 
phylum status (Zeigler and Rietsc hel, 1970; Balsa m, 1973). 
Ga lloway (1957) and Copper (1974) even conside red that 
archaeocyathids may be related to the calca reous 
stromatoporoids, now c lassified by some as fossil 
representatives of Recent sclerosponges (Hartma n and 
Goreau, 1970). 
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PLATE 3 

a . Hand specimen of dendroid Protopharetra sp. 
colonies . 

b. Hand specimen of clustered Protopharetra sp. 
cups. 

c . Ha nd specimen of c luste r of ma inly 
Pyc noidoc yathus uniserialis? cups . 

GSC 203328-B 
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Trilobites 

Trilobite fragment s occur sporadically in subunits I b to 
le and a re locally abundant in some pac kstone and rud stone 
beds . Intac t specimens are ra re . However, the following 
genera have been identified by W.H. Fritz (pers . comm ., 
November 4, 1914), Nevadella?, Olenellus, and Laudonia?. 

Echinoderms 

Echinoderm fragments are sparsely distributed in rocks 
of subunits l e to le. Although conspicuous because of their 
complete extinction and porous struc ture when viewed with 
petrographic microscope, these fragments are common only 
in some ske letal-rich carbonates. 

Hyolithids 

Hyolithids are abundan t in some skeletal rudstone lenses 
of subun it le but they are a lso sparsely distributed in 
subunit I d. These fossils are bilatera ll y symmetrical, conical, 
and circular to subtr iangular in cross section (Pl. 5a) . Large 
tests average 2 mm in diameter and are up to 1.5 cm Jong . 
Hyolithids are commonly stacked irregularly one inside the 
other, their cones filled with fine detritus (Pl. 5b). Large, 
solitary skeletons, irregular stacking, and Jack of axial 
openings or ske letal e lements joining cones implies that 
stacking does not represent successive growth stages. 
Hockley (1973) specu lated that stacking is the result of 
reworking by bidirectional wave or current action. Hyolithids 
are considered members of an extinct molluscan class, the 
Hyolitha (Yochelson, 1961; Merek and Yochelson, 1964) that 
ranges from Lower Cambrian to Permian . 

Brachiopods 

Brachiopods a re rare and occur only in subunits Id and 
le. Molds, casts, and complete tests, normally with lengths 
Jess than 1.5 c m, show growth Jines. Some appear simi lar to 
the inarticu late Obollela (Pl. 5f) whereas others may be 
Jingulids. Sparsely distributed shell fragments are found in 
some skeletal packstones . 

Algae 

Oncoids 

Oncoids occur locally in subunits Id and le and are of 
two types; "simple" and "spongy" (sensu Aitken, 1967). The 
simple variety has concentric mode "C" enve lopes, 
(Logan et al., 1964) consisting of thin, irregular laminae that 
completely enclose the preceding one (Pl. 5c, 5d). Small 
ske letal fr agmen ts are sometimes incorporated into these 

PLATE 5 (opposite) 

a . Thin section showing transverse sections of hyolithids. 
Tests are stacked concent rically at Land irr egular ly at R. 

b. Thin section showing longitudinal section of stacked 
hyolithids. 

c. Thin section of "simple" oncoids. Both archaeocyathids (A) 
and hyolithids (H) occur as nuclei . 

d. Thin section showing irregular laminae of "simple" 
oncoids. Note skeletal fragments at S. 

e. Thin section of "spongy" oncoids. 

f. Hand specimen showing a brachiopod (O), possibly Oboiella. 

g. Thin section of c ryptalgal coated grain. The nucleus is an 
archaeocyathid, Ajacicyathus. 

GSC 203328-D 

laminated coatings (Pl. 5d). Spongy oncoids, as defined by 
Aitken (I 961), are co mposed of discontinuous successive 
laminations with the discontinuities spread radia ll y (Pl. 5e). 
Nuclei for both types are usu a ll y fossil fragments. Algal 
filament s or fibres have not been observed in onco ids from 
the study a rea. Oncoids range in size from 0.5 to 4 cm and 
their shape depends on the amount of coat ing and nuc leus 
shape . In general, larger oncoids and those with thicker 
coat ings tend to be oblong or spherica l. 

Recent mode "C" oncoids develop in subaqueous 
envi ronments and in water sufficient ly agitated to keep the 
grains in continuous motion (Logan et a l. , 1964 ). Considering 
this, Aitken (1961) has suggested that most oncoids originated 
in submergent, shallow, moderately turbulent envi ronment s. 

Cryptalgal Coated Grains 

Cryptalgal (sensu Aitken, 1967) coated grains occur 
locally in subunits le to le. They consist of skeletal 
fragments coated with dense, dark carbonate (PI . 5g) which 
may exhibit vague, irregular laminations . Grains range in size 
from I mm to 2 cm; like oncoids, their shape is strongl y 
influenced by coat thickness and nucleus form . Coat ings a re 
presumably of a lgal origin and cryptalgal grains probably have 
a history of formation similar to that of oncoids. The 
difference between the two grain types is that c rypta lgal 
coated grains Jack the well -defined laminae that characte ri ze 
oncoids. 

Renalcis? 

Dark encrustations of structureless or "c lotted" micro
c rystalline calcite (Pl. 6; see also Pl. 21, 22) commonly occur 
between, and as coatings on, a rchaeocyathids in the 
ca rbonate buildups. Locally they are shaped like small "algal 
heads". Encrustations are interpreted as organic because 
"algal heads" are oriented upwards a nd late rally from 
archaeocyathids and because the enc rustations are also 
present on the underside of cups. It seems inconceivable that 
inorganic processes, such as sett ling of carbonate mud on 
skeletons, produced these features. 

Although remains of this encrusting organism are 
poorly and rarely preserved in roc ks from the buildups, some 
samples provide clues to its identity. In these specimens 
clusters of small, bu lbous, hollow chambers enc rust 
archaeocyathids and a re su rrounded by the mud matrix 
(Pl. la, lb, le and ld). Chambers, which are normally l mm 
or Jess in diameter, have thin, structu reless walls composed 
of dark, microcrystalline calcite . These chambers are similar 
to Renalcis Vologdin, a problematic encrusting organism 
found in archaeocyathid carbonate buildups throughout the 
wor ld (Copper, 1914; Balsam, 1973; James and Fong, 1916; 
Heckel, 1914; Hill, I 972). The abundant dark e ncrustations 
and heads disc ussed earlie r are therefore thought to represent 
Renalcis? which has undergone extensive recrystallization. 

Since preservation is generally poor, the possibility 
that some of these encrustations may be the recrystallized 
remains of an unidentified organism, such as a calcareous 
a lgae or a lgal consortium, cannot be ruled out. In 
archaeocyathid reefs of Labrador, Balsam (1973, p. 35) noted 
th a t in most cases Renalcis, and Epiphyton, a calca reou s 
algae (Hill, 1972), " .. . are so intimately intergrown that 
identification of either genus is impossible. These algae form 
either nondesc rip t masses or, Jess commonl y, heads". 
Epiphyton and binding stromatolitic algae were not found in 
rocks from the Ketza River buildups. 
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PLATE 7 

a . Thin section showing bulbous, hollow chambers of Renalcis?. 

b. Thin section showing bulbous, hollow chambers of Renalcis?. 
Note the thin structure less wal ls composed of dark, micro
crysta11ine calc ite. 

c . Thin section of Renalcis? encrustation on an archaeocyathid 
cup. 

d. Higher magnification of Renalcis? encrustation illustrated in 
Plate 7c . Note that this encrustation is dark and structure less 
at L but exhibits poorly preserved Renalc is? chambers at R. 

e . Hand specimen of "typical" Renalcis? encrustations found in 
most rocks from the carbonate bui ldups (see also Pl. 6, 2 J, 22). 
Note simi larity between dark, structureless encrustation on 
archaeocyathid at E in Pl. 7e and at L in Pl. 7d . 

GSC 203328-F 
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The affinities of Renalcis are controversial, but many 
workers consider it a blue-green calca reous a lgae (Balsam, 
1973; Hill , 1972; Hofmann, 1975; Johnson, 1966). Because of 
its size, shape, and wal l mic rostructure, some writers suggest 
renalc ids were foraminifers (Jamieson, 1971; Klovan, 1964; 
Riding and Brazie r, 1975). Renalcis was probably adapted to 
shallow marine, warm, biohermal carbonate environments 
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(Riding and Brazier, 197 5) . Klovan (1964) suggested that such 
organisms found in certain parts of the Devonian, Redwater 
Reef Complex may have preferred quiet water conditions. 
Because of its ability to bind skeletons togethe r, Renalcis 
played a key role in the const ruction of framework in 
archaeocyathid ca rbonate buildups (Balsam, 1973; James and 
Fong, 1976; Heckel, 1974). 



STRATIGRAPHY 

Carbonate Rock Classification and Illildup Terminology 

The carbonate classification of Embry and Klovan 
(1 97 1 ), esse nt iall y an expa nd ed ve rsion of Dunha m's (1962), is 
used in this st udy (Fig . 9). Because it was dev ised to desc r ibe 
t he rocks of carboante buildu ps it is we ll suited to the Ke t za 
Rive r ca rbonates which contai n such structures. The gene ra l 
t e rm "skele tal sand", is used he re in fo r packs tones and 
coarser gra ined rocks com mon ly fou nd in the buildups . They 
normall y contain abu ndant ca rbonate gra ins, some la rge r t han 
2 mm, derived fro m archaeocyathids, t rilobites and 
echi noderms. 

The car bonate rock c lass ifica t ion of Embry and Kl ovan 
(1 971) a nd most othe r classifications (Dunham, 1962 ; Folk, 
1959) a re in part, based on the proportion of ca rbonate mud in 
a rock . Mud is cha racteristic of cal m wat er where it is abl e 
to se t tle a nd remain at t he bot tom . The refo re, mud 
abu ndance in a sediment is a good measu re of ag itat ion in t he 
depositional environment . Modern carbonate mud is usually 
Jess than 0.004 mm (Bat hu rst , 1971 ). Howeve r , in ancient 
li mestones agg radat ional neomorphism (Folk , 1965 ) of mud 
resul ts in inc reased crystal size . For example , wr ite rs have 
observed "coarse r" mud with the fo llowing gra in sizes : up to 
0.012 mm (Aitken, 1968), up to 0.070 mm (Balsam, 1973 ) a nd 
0.002 to 0.0 l 5 mm (Bea les, 1956). Folk (l 962) suggested that 
the mud component of limestones consists of partic les less 
than 0.062 mm. The 0.004 mm uppe r size lim it of Recent li me 
mud is especiall y imp ractical fo r fi ne gra ined carbonates in 
the study a rea because the rocks have unde rgone low grade 
metamorphism . In th is re port "carbonate mud" refers to 
gra ins Jess tha n 0.062 mm in dia met e r which do not exhibit 
the fab ric c r ite ri on of ceme nt (Bathurst, 1971 ). Thi s "mud" is 
sim il a r in grai n size to "mic rospa r" a nd "pseudospar" (Folk, 
l 965 ) and is interp reted as rec rystall ized, deposit iona l mud . 

Dolomitizat ion is common and of va r iable degree . The 
modifiers , "dolomitic" fo r ca rbonates with JO to 50 pe r cent 
do lomi te, a nd "dolomite" fo r carbonat es with more tha n 
50 per cent do lomite, precede the appropriate tex tura l te rm 
fr o m t he classification . Where the original depositiona l 
textu re is obscured by do lomi t e t he carbona te is re fe rred to 
as "sucrosic dolo mite ". 

The term "mudstone " is used he re in to describe f ine 
g ra ined carbonate rocks. The word "arg il lite " is used to 
denote fi ne grai ned ter rigenous e lastics regardless of the ir 
deg ree of metamo rph ism. Loca ll y the "a rgiJJite " g rades in to 
phyJJ it e . 

To prevent confusion regarding un bedded or poo rly 
bedded car bonate rocks the te rminology of Hecke l (] 974 ) is 
used (Fig. 10 ). HeckeJ 's uses of t he terms "ca rbona t e buil dup" 
a nd "reef" a re briefly rev iewed . A carbonate buil dup is a 

AL LOCHTHONOUS LIMESTONES 
Ori ginal compo ne nts not organ i ca ll y bou nd during 

" .. . c irc um scri bed body of carbonate rock wh ich displays 
topog ra phic re lief a bove equi valent sed iment and di ffe rs from 
typicall y thinne r equiva le nt deposits and su rrounding and 
ove rl yi ng roc ks" (op. ci t . , p. 90 ). According to Hecke l, 
recognit ion of pos iti ve topographic re l ief is pr imarily based 
upon f la nk beds t hat dip away from a buiJdu p or wh ic h pinch 
out against it and st ra ta t ha t t hin over a bui ldup . Ca rbonate 
bu il dup s co mmonl y di ffe r in composit ion and in t e rnal fabric 
fr om e qu ivale nt deposits. Hecke l def ined reefs as "carbonate 
buil dups which display evidence or pot e ntial for mainta in ing 
g rowth in the zone of waves" (op . cit ., p. 90 ). The princ ipal 
cause of wave resist a nce may be a rigid organic or inorganic 
fr a mework. Th is def in it ion is more inc lusive than 
Lowenstam's (1 950) whic h proposed that reefs a re built by 
organisms and, the refore, have organi c framewo rks only. 
Ev idence fo r mainta ining growth in the zone of waves 
inc ludes con temporaneous , buiJdup-de rived, wave -washed 
ta lus and ab raded calcaren ites along the bu il dup margin 
(Hecke l, 1974 ). A bui ldup Jacking such evidence is te rmed a 
"pote nt ia l reef" if it exh ibits poten t ial for wave resistance . 
An example is a deep or ca lm water buildup with a prese rved 
rigid fr amewo rk and he nce, potential fo r withstanding waves. 

Subunit la 

De sc ription 

Subunit la, a sequence of fine gra ined elastics, a re t he 
oldest strata exposed in the study a rea. Argi llite 
pre do mina t es, exce pt at Mount Fury where sandy fac ies occur 
in lower beds. The greatest measured thickness is 215 m, but 
in othe r reg ions wit hin Quiet Lake map a rea corr e lative 
a rg iJJ it e is about 1000 m thick . 

Argi l lites are th in bedded to la minated, norm ally 
recessive, and weathe r a disti nct ive green ish grey . They a re 
composed of f ine whi te mica, qua rtz and some ch Jor ite 
(PJ. 8a). Euhedra l py rite is a common accessory mine ral. 
More resistant a rgi ll ites a re silty. 

Light grey weathe ring, even bedded qua rtz ite up t o 
0.3 m thick is locall y int e rbedded wi th the a rgil lite. Thi s 
quartz ite is textura ll y and minera log icall y similar to the 
quartz ite at Mount Fu ry which was ve ry f ine grained 
fe Jdspathic sandstone (sensu Petti joh n, 1957) before low grade 
metamorphis m. 

Recogni t ion of organic activity in arg iJ Jite is diff icult 
because of defor mation. Howeve r, both deformative and 
fo rmat ive bioturbation (Schafe r , 1972 ) is present in quartz ite 
interbeds. Trace foss il s a re mainly simple hor izontal bur rows, 
but some a re lined and penet rate bedding at right angles and 
then para lle l it (PJ. 8b). Although both types a re probably 
feed ing burrows, the latter may a lso have been excavated for 
protection . 

AUTOCHTHONOU S LIME STONE S 

depositio n 
Orig i na l components organica ll y 
bound during de posit i on 

Less than 10%>2mm compo nen t s Gr eater t ha n l 0% >2 mm 
compo ne nt s 

Contai ns lime mud ( <. 03mm) J No li me mud By organi s ms By organi sms By organisms 

Matrix >2mm which a c t a s whi c h whi c h bu il d 
Mud s upported 

s upported 
compo ne nt baffles e nc ru s t and a rig i d 

Le ss than Gra i n s upported 
s uppor t ed bi nd framework 

10% grain s Greater t han 

( >. 03mm <2mm) 10% gr a in s 

Mud sto ne Wackesto ne Packs t one I Grai ns t one Fl oats t one Rud s to ne Baffle s tone Bi nds tone Frames to ne 

Figur e 9. Classification of lim es tones according to depositional texture (afte r Embry and K l ovan , 197 1). 
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Lowenstam, 1950: reaffirmed by Ne l son and others, 1962 I Organisms 
actively 

Organisms "pas sively'' prod uced sediment , but not rig id, wave-resistant framework built rigid, 
wave-resistant 
framework 

Kornicker and Boyd, 1962 J 1 

-----------

Dunham, 1970 I _ _ ____ __J 

BANK 

(BANK) 

I 

I 
I 

Thick, latera lly restricted mass of pure carbonate 

REEF 

Organ i sms in growth position that 
influenced adjacent sedimenta tion 

REEF 

Organisms built and 
bound framework 

STRATIGRAPHIC REEF ECOLOGIC REEF 
This paper 1 

-----~J 
No evidence 
of relief. (if 

Ev idence of positive topographic relief 

BU IL DUP ( if larg~. broad, PLATFORM, SHELF) 
high skeleta l No ~idenc-; 
content, of type 
BIOSTROME) indicated 

Evidence of potential wave resistance or of turbu l ent water , implying wave resistance 
and evidence of some degree of control over sur roundin g environments 

REEF ( if built mainly by organisms, ORGANIC REEF} at right --- --------------------- ·--- --
Wave-washed tal us absent Wave-washed talus present 

BANK - - - - - - - - - - - - - - FRAMEWO RK REEF 
Organic Abraded-grain ------ ---- --.-------
framework calcaren ites Ear ly rims of Talus calcilutite: Talus inorganically Talus organically 
present, but 
no evidence 
of water 
turbulence 
POTENTIAL 
REEF 

and remains of 
rooted organ i sms 

drusy spar if stromato l itic, bound by spar bound and large 
STROMATOLITE cement ske 1 eta l fragments 

ORGA NI CALLY? 
BOUND 
SKELETAL-DEBRIS 
REEF 

SPAR-CEMENTED 
DEBRIS REEF 

REEF: 
INORGANIC-FRAMEWORK ORGANIC -FRAMEWORK 

(in deep or 
calm water) 

if abraded mud 
clasts , 
MU D-FRAMEWORK 
REEF 

REEF ; REEF 

SPAR- CE ME NTED 
FRAMEWORK REEF 

Figure 10. Usage of terms "reef", "bank'', "buildup" (and modifiers) in previously proposed and here proposed schemes of 
definition. Terms are in capital l etter s; criteria are in small letters. Usage proposed in this paper is largely 
hierarchical in that more general terms (above dashed lines) include more specifi c terms (below dashed lines) which 
allows refinement of terminology as progressively more evidence becomes available (f rom Heckel 197 4). 

At Mount Fury the green argillite changes facies; it 
thins to about 60 m a nd its lower part is replaced by more 
tha n 125 m of resistant quartz ite (Fig . 6). This quartzite 
occurs as beds from 2 cm to 75 c m thick interbedded with 
lesser argi llite (Pl. 8c, 8d). Before low grade metamorphism 
the quart z ite was a very fine grained feldspathic sandstone 
(sensu Pettijohn, 1957). No medium or coarse grained 
Ii thologi e s are present . The quartzite is co mposed of 80 to 
86 per cent quartz and feldspar in a white mica matr ix which 
rarely exceeds 5 per cent (Pl. 8e). Grains are well so rted and 
subangular to subrounded. MonocrystaJJine, inclusion-free , 
unstrained qua rt z constitutes 55 to 74 per cent and feldspar 
contributes up to 26 per cent . The feldspar is mainly 
plagioclase, some of which shows poJysynthetic twinning . 
K-feldspa r grains are rare but the possibility that their small 
grain si ze inhibited staining cannot be overlooked. Calcite 
and si lica cements account for up to 18 per cent . He matite, 
whic h coats some quartz gra ins, and euhedral pyrite a re 
accessory minerals. 

Argillite in the Mount Fury quartzite facies is simila r 
to that of the argill ite facies . However, silty va rieties a re 
more com mon at Mount Fury (Pl. 8f). 

Even paral lel and sli gh tl y inclined lami nae o. re cha r
acteristic of most quartzite beds, particularly thicker ones 
(Pl. 9a). Large-scale cross stratification, except for a few 
c hannel-like deposits, is absent . Minor physical sedimenta ry 
structures include small-scale crossbeds (Pl. 9a), c ut-a nd -fill 
structures (Pl. 9b), ripples, slum p structu res and lenticu la r 
bedding. 
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In attempting to determ ine dir ect ion of sediment 
transport, 34 crossbeds and 2 channels were measured at a 
single locality, in a stratigraphic interval of approximately 
60 m. Crossbeds, which seldom exhibit erosional bases, are 
tabular and occur as solitary sets. Foresets are usually less 
than 5 cm high. The two channel s measu red were about I m in 
lateral extent, not more than 30 cm thick , and composed of 
quartzite. 

Orientation data are summarized in a rose diagram 
(Fig . 11 ). The resultant vector of 327 ° determined graphically 
has a consistency ratio of .7 5 (High and Picard, 1971) which 
indicates a re lative ly high unimodal prefe rred orientation of 
foresets. The orientation data imply that the paleoslope 
dipped to the northwest , and that dominant sed iment 
transport was from the southeast. An easterly source for 
Cambrian terrigenous e last ic sediments elsewhere in the 
Cordi llera has been suggested by Aitken (1966), Mount joy and 
Aitken (1963), Young (1969) and Gabrielse (1967). 

Although the thick quartzite beds Jack bioturba tion, 
many intervals of thin bedded quartzite and argillite a re 
moderately to strongly bioturbated (sensu Reineck and Singh, 
1973). Both deformative and formative bioturbation (Schafe r, 
1972) disrupt primary bedding . 

Deforma tive bioturbation, consisti ng of blebs, wisps 
a nd whorls of fine sand-sized particles (Pl. 9c, 9d), was 
probab ly formed by deposit feeders as they passed through 
the sediment. 



PLATE 8 

a . Thin section of typical a rgil lite from the arg illi te facies 
(subunit la, Sh rimp Lake section). 

b. Thin section of thin quartzite inte rbed found in the 
argillite facies. Note lined burrow which penetra tes 
beddi ng then becomes parallel to it . " peckled" nature 
of quartz ite results fro m hematitic coat ings on qua rtz 
g rai ns (subunit la , Shrimp Lake section) . 

c . Outcrop of Mount Fu ry quartzite facies. Arrow points 
to man at the base of the cliff (subunit la, Mount Fur y 
section). 

d. Outcrop showing interbedded quartz ite and a rgill ite of 
Mount Fury quartzite facies (subunit la, Mount Fur y 
section) . 

e . Thin sec ti on (crossed nicols) of quartzite from Mount 
Fury qua rtz ite facies (subunit la, Mount Fury section). 

f . Thin sect ion of silty a rgillite from Moun t Fury quartz ite 
facies (subunit la , Mount Fury sec tion). 

GSC 203328-G 
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34 cross - bed measurements 
2 channel measurements 

327° 

Channel orientation . . -<E---~ 
Resultant vector ..... . ~ 

'10 

' ' ' ' ' ' ' ' ' 

No te : Bo th the axis of sma ll-scale folds and 
the crink l e lineation plunge at les s 
than 20° degrees ; thu s no correction for 
folding was attempted . 

Figw-e 11. Rose diagram summarizing cross-stratification 
data from Mount Fury quartzite facies . 

Planolites-like burrows a re the most proli fic fo rm a tive 
bioturbation . These arcuate to st ra ight, unbranc hed burrows 
occ ur singly or in swarm s on bedding surfaces (P l. IOa). They 
a re usually hori zontal but may tra nsec t bedding or be slightly 
inc lined to it. Most ha ve c ircu la r cross sec tion s from 0 .1 to 
0.25 cm in diameter and a re up to 7 c m long. Planolites is 
thought to have been formed by a deposit feeding worm-like 
organism (Alpe rt, 197 5) . 

Vertical traces are unc ommon and most of those 
present appear to be "escape st ructures" not dwe lling 
bu rrows . The y have ind isti nct boundar ies and in places pass 
f rom an argillaceous laye r through a thin quartzite laye r to 
the next overlying a rgillaceous bed (Pl. 9c, 9d) . Suc h burrows 
a re probab ly produced by infauna at tempting to stay a certain 
distance below the sedime nt-wate r interface of a n agg ra ding 
subst rate (Young and Rah mani, 1974 ). 

Environmental Interpretations 

The Mount Fury quartz ite facies was deposited in a 
shallow, normal marine, inte rmittently ag itated environment . 
The facies was ev ide ntl y subt idal because it lacks supra tidal 
and inte rtidal features like f!ase r bedding, "her ringbone " 
c rossbed s, algal mats, and desiccation struc tures. The 
moderate to strong bioturbat ion withi n a rgi!Jaceous interva ls 
suggests a dense infaunaJ population, charac teristic of 
e nvironments whe re sedimentation is slow, and where 
nutrient- ric h and oxygenated wate r supports an abundant 
fau na (Young and Rahm ani, 1974). 

Changes from quartzite to a rgi lli te suggest 
in termittent agita ti on a nd variable sediment suppl y. 
Qua rtz ite beds probably result from stor ms or stronger 
c urre nts which briefly produced ag itation a nd rapid 
sedimentat ion. Cut-and-filJ structures, rippl es, sma lJ -scaJe 
c rossbeds, a nd "escape burrows" in sandy beds imply current 
act ivity and periodic ra pid deposition . Lack of biotu rbation in 
thick quartzite beds suggest s intermittent sed ime ntation 
rates too rap id for extensive burrowing . Anothe r reason for 
Jack of disturba nce in thick quartzite beds may be that 
deposit feede rs, which account for most bioturbation in 
subunit 1 a, prefer red nutrient-rich muds ra ther than 
a renaceous beds. 

The Mount Fury quartzite fac ies is simila r to deposits 
from the transition zone between agitated coasta l bars or 
beaches a nd deepe r offshore muds on continenta l she lves. 
lnte rbe dd ed ve ry f ine sand and s ilt y muds, strong bioturba
tion, rippl es , and sma ll sca le c rossbeds, c ha rac te ristic of thi s 
zone (Rei neck and Si ngh , 1973, p. 307, 323) a re also typi ca l of 
the Mou nt Fury qua rtzite fac ies. 

The a rgillite facies was probably deposited in a low 
energy, sha Jlow, norm a l marine environment . Absence of 
peritida l features indicates these rocks a re entire ly subtida l. 

Sandy rocks of t he Mount Fury quartzite facies , 
depos ited in a shallow, subtidaJ, inte rmit tent ly agitated 
env ironment, grade southwestward into the lower ene rg y, 
subtidal deposits of the a rg illite fac ies (Fig. 3). This facies 
cha nge may ref lect a westward inc rease in water depth . The 
a rgilli te fac ies probably represents offshore she lf muds 
deposited in deepe r water than the Mount Fur y quartzite 
facies . Toward the nor t hwest the deeper water a rgiJl ite 
facies intertongues with and overlies the shaJJower water 
Mount Fury qua rtzite fac ies (Fig. 6). Thi s indicates a g radua l 
eastward transgression during deposition of subunit la. 

Subunit lb 

Desc ription 

Subunit lb , infor mall y called the "black pla t y 
limestone ", is a distinctive ma rker horizon t hroughout the 
study a rea whic h helps to delineate facies re la tionships in 
overlying a rc haeocyathid-bear ing beds. The unit is gene ra Jly 
35 to 60 m thi ck and forms resis t a nt, dark grey c liffs (Pl. 16). 

Subunit lb cons ists of alte rnati ng lami nae of light 
grey, silt y mud stone a nd dark grey mud stone (Pl. l Ob). Minor 
componen t s inc lude white mica, rhombohedral dolomite, 
euhedral pyrite , and authigeni c, euhed ra l a Jbite . Abundant 
dark inc lusions in ca lc ite c rysta ls and disseminated iron 
sulphides probably impart the dark colour to the mudstones. 
Continuous, even pa ra lle l laminae a re charac teri stic of the 
subunit (Pl. l Oc ). lntraforma tiona l slumps and folds and smaJJ 
sca le c rossbeds occu r rarel y. Subunit lb is devoid of ske letal 
fo ss il s except for rare tri lobite fr agme nts. Bioturbation is 
c onspic uously absent . Both these featur es indicate a low 
density of bottom dwell ing organisms. 

Environmental Interpretation 

Subunit lb was likely deposited in a low energy, 
subtidal, restric ted-marine environment judging from its 
composition, thin la mina tions, and lack of skeletal fossils a nd 
bioturbation. Dominance of mudstones and sc a rci ty of 
traction current struc tures suggest low e nergy conditions. 
Features indicat ive of intertidal and supratida l carbonates 
are absent. The continuous, even para ll e l lam inations 
proba bly resulted from slight cha nges in current ve locity or 
sed iment supply and lack of burrowing organisms . Poorly 
c irc ulated anaerobic wat ers may have caused toxic conditions 
that excluded these organisms. 
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PLATE lO 

a . Hand specimen showing vague outli ne of Pla nol ites-li ke 
burrows on bedding plane of a quartzite slab (subunit la, 
Mount Fury section) . 

b. Thin sec tion showing alte rnat ing 
s il ty-mudstone and dark grey 
Mount Fury section) . 

laminae of light grey, 
mud stone (subunit lb, 

c. Outcrop showing conti nuous, regul a r, even para llel 
la mina ted mudstone (subunit 1 b, Shrimp Lake section). 

d. Thin sec tion showi ng disrupted bedding in laminated 
calca reous a rgillite . Note euhed ra l pyrite at P (upper part 
of subunit le, Ta rn Lake section). 

e . Outcrops of interbedded limestone (more resistant st ra t a ) 
a nd argillite (upper part of subu nit le, Ta rn Lake 
sect ion). 

f. Outcrop of interlamina ted mudstone and argillite (upper 
part of subunit le, Ta rn Lake section) . 
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Subunit le 

Descript ion 

Subunit le consists of 75 to 105 m of recessive, brown, 
calcareous argillite with minor limestone. The subunit is 
gradationally overlain by argillaceous limestone and in some 
areas passes upwards into archaeocyathid carbonate buildups. 

Throughout the subunit argillite is characteristically 
thin bedded to laminated. White mica and quartz silt, with 
varying amounts of carbonate mud, are the major 
components. Accessory minerals include chlorite, authigenic 
amorphous inclusion-rich quartz, and pyrite . Rare echinoderm 
fragments are the only skeletal fossils. Although lower beds 
lack bioturbation, upper st rata locally exhibit disrupted 
laminations suggestive of organic activity (Pl. !Od). 

Minor, brown, fossiliferous limestone interbeds, 
between 5 mm and 60 cm thick, occur in the upper part of 
subunit le (Pl. !Oe). These exhibit indistinct bed boundaries 
and a chaotic texture suggestive of bioturbation. Traction 
current structures are absent . The limestone includes 
a rgill aceous mudstone, wackestone, and rare rudstone. The 
mudstone contains minor white mica, quartz, silt, authigenic 
quartz, pyrite cubes, and iso lated dolomite rhombs. Scattered 
trilobite and echinoderm fragments make up the fauna . 
Mudstone generally forms the thinner limestone beds which 
are rhythmically interbedded with argillite (Pl. !Of). The 
wackestone contains complete, prostrate archaeocyathids, 
echinoderm fragments, and a few trilobite fragments . Minor 
components include peloids, white mica, and euhedral pyrite. 
Peloids are ovate to irregular shaped, 0.3 to 3 mm in 
diameter, lack internal st ructure, and are composed of 
microcrystalline carbonate . A peloid is "an a llochem formed 
of c ryptocrystalline or microcrystalline material ir respective 
of size or origin" (Bathurst, 1971, p. 547). Their formation has 
been attributed to micritization of grains by a lgae (Wolf, 
1965; Bathurst, 1966), fecal origin (Bathu rst, 1971 ), a lgal 
origin (Wolf, 1965), mechanical eros ion of semiconsolidated 
muds producing intraclasts (Logan et al. , 1969) a nd pelletiza
tion as a result of diagenetic processes (Folk, 1959). The 
shape and lack of internal structure of peloids in rocks of 
subunit le and the rest of the succession suggest that these 
grains are probably fecal pellets or mudstone intraclasts. 

Rare rudstone interbeds, less than 5 cm thick, occur 
toward the top of subunit le. Intact, prostrate 
archaeocyath ids and echinoderm and trilobite fragments are 
the major skeletal grains (Pl. l la). Peloids, like those in the 
wackestone, are the main nonskeletal grains and make up 
30 per cent of some rudstones . Archaeocyathid a nd tr ilobite 
grains with dark, c rudely laminated crypta lgal coatings of 
microcrystalline calcite are minor constituents of the 
rudstone (Pl. l lb; 5g) . Granular mosaic, syntaxial rim cement 
a nd dolomitic mud fill original void spaces . Some grains have 
a thin layer of granular cement which may have been drusy 
before neomorphism. 

Environme ntal Interpretation 

Dominance of fine g rained lithologies and lack of 
traction current structures and peritidal sedimentary featu res 
indicate that subunit le was probab ly deposited in a low
energy, subtidal environment. The general absence of ske leta l 
foss il s a nd bioturbation in lower beds suggests that conditions 
during that deposition wer'e restricted or semirestricted . In 
contrast, the presence of archaeocya thids, echinoderms, 
trilobites, bioturbation and cryptalgal coated grains in 
limestones of the upper part of subu nit l e imply that 
conditions had become favourable to normal marine life . 
These limestones are dominantly mudstone and wackestone 
which is consistent with the interpre t ed low-energy 
envi ronment of the subunit . The rare, thin, rudstone inte rbeds 
were probab ly deposited in quiet water, as shown by indistinct 

bed boundaries, absence of broken archaeocyathids and other 
evidence of turbulence. These rudstones are like Heckel's 
( 1972) "whole shell calcarenites" which result from loca l 
production of shell material at a faster rate than mud is 
accumu lating in a low energy environment. 

SUbunit ld: Mudstone Facies 

Subunit ld, 120 to 180 m thick, consists prima rily of 
mudstone, but the most interesting rocks are the large 
a rchaeocyath id ca rbonate buildups. These structu res are 
surrounded by mudstone and found only in the southwest pa r t 
of the area. Rocks of the subunit are divided into the 
mudstone, carbonate buildup, and skeletal sand facies. The 
following discussion is restricted to the mudstone facies. The 
carbonate buildup facies and its associated skeletal sands is 
described in the following chapter. 

The mudstone facies is dominated by resistant, cliff
forming, thin to thick bedded, grey weathering mudstone 
(Pl. llc, 11 d) . It includes lesser argi ll aceous mud stone and 
calcareous a rgillite in lower beds, and wackestone, oncoid 
floatstone/rudstone, and cryptalgal-coated grain f loatstone in 
upper strata. The facies is progressively more dolomitized to 
the north whe re sucrosic dolomite is typica l. 

Mudstone is poorly fossiliferous and contains a sparse 
archaeocyathid, trilobite, a nd echinoderm fauna . Bedding is 
even parallel to wavy . Dolomitic mudstone with tan 
weathe ring mottles is common. Mottles have indistinct 
boundaries and a re arranged randomly in some strata; in 
others they a re oriented parallel to bedding (Pl. l le). The 
abundance of argillaceous mudstone and calca reous argillite 
decreases toward the top of the mudstone facies (Pl. l lc). 
This trend is conspi cuous in most stratigraphic sections and 
probably reflects decreasing influx of terrigenous elastics 
during deposition . 

Most wackestones (Pl. 11 f) contain less than 20 per 
cent grains which are trilobite and echinoderm fragments and 
less commonly, peloids, recrystallized ooids, and angular, 
rounded or tabular mudstone intraclasts. 

Cryptalgal-coated g rains are abundant in some 
floatstones and are better developed than those in upper 
limestone beds of subunit le (Pl. l 2a). Most grains are ovate 
with diameters to 1.5 cm . They consist of thick, dark, vaguely 
laminated, microcrystalline calcite coatings around skeletal 
fragments (Pl. l 2b). Some fragments are thin ly or 
incompletely coated. The cryp talgal grain floatstone has a 
dolomitic, trilobite, ech inoderm, pe loid, wackestone matrix. 
Fragments of cryptalgal coat ings also occur in this matrix. 

Oncoli te floatstones and rudstones contain "simple" 
oncoids (Aitken, 1967) with concentric mode "C" envelopes 
(Logan et a l., 1964) (Pl. 12c, 12d). Where preservation is good, 
each thin lamina complete ly encloses that preceding it. The 
nucleus, preserved, is usually a trilobite or a rchaeocyathid 
fragment. Oncoids are generally set in a dolomitic, skeletal, 
peloid wackestone groundmass. In the Cloutier Creek section, 
the matrix is sucrosic dolomite with peloids and tabular, 
dolomite mudstone intrac lasts . 

The suc rosic dolomite (Pl. l 2e) is probably secondary 
because facies in dolomite also occur in limestone and 
because dolomi tization does not parallel bedding. However, 
not a ll dolomite is diagenetic. During deformation, limestones 
at some fractures and faults were intensely dolomitized . 

Evidence of bioturbation in rocks of the mudstone 
facies includes dis rupted bedding, elongate grains that lack 
planar orientation, absence of laminations in many beds, and 
smooth, ovate peloids suggestive of fecal pellets. 
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PLATE 11 

a. Thin sect ion of archacocyathtd rudstone with a trilobite 
ech inoderm pelo id packstone matrix (uppe r part of subun i t Jc, 
Cache Creek section). 

b. Thin section showi ng dense, dark, vaguely laminated crypta lgal 
coating on upper convex surface of a trilobite fragment (sec a lso 
Pl. 5g) (upper part of subunit le, C loutier Creek section). 

c . Outcrop of thin bedded mudstonc. Large d1vis1ons on pole are 
30 cm long (subunit Id, Cache Creek section). 

d . Outcrop of resistant, cliff-forming mudstone . Dark recessive 
interbeds, composed of argillaceous mudstone and minor 
calcareous argil lite, decr ease in abundance toward the top of the 
cliff where relatively "clean" mudstone predominate (subunit Id, 
Cache Creek section). 

e. Hand specimen of dolomitic, mott led mudstone. Dark grey 1s lime 
mudstone whereas li ght grey is dolomitic mudstone (subunit Id, 
Cloutier C reek section). 

f. Thin section of echinoderm wackestone (subunit Id, Cache Creek 
section). 

GSC 203328-J 
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Environ mental lnte rpre ta tion 

The sediments and sequence in the mud ston e facies of 
subunit ld indica te they accumulated in shal low, norm a l 
marine wate r which was calm during deposition of lowe r beds , 
but intermitte ntly ag ita ted by the end of ld time . Thi s 
upward change in ene rgy reg ime may reflec t a gradual 
shoaling trend . In other Cambrian ca rbona t es of the 
Cordillera, mudc racks, a lgal stromatolites (except oncoids), 
thrombolites, a nd fenestr a l textu res indicate extreme ly 
shallow, sub tida l to peritidal environments (Ai tken, 1966, 
1967; Hockley, 1973; Sargent, 1975) . Lack of such features in 
the mud stone facies suggest s an entirely sub t ida l or igin . Ooid 
grainstone or trac tion c urrent st ruc tur es which indica te s 
tu rbulent wave or current activity a re also absent. Indigenou s 
archaeoc yathids in these rocks a re evidence of shal low 
marine conditions (Hi ll 1972; Heckel, 1972). 

Predominance of bioturbated, mottled mud ston e and 
minor calcareous a rgil lite in low e r beds impli es that this part 
of the fac ies was deposited in quiet water . Upper beds of the 
fac ies are dominated by nonargillaceous, bioturba t ed, mottled 
mud stone with some interbeds of oncoid floa t stone a nd 
rudstone a nd c rypta lgal-coa ted grain f loatstone. Logan et a l. 
(1964) found that recent onc oids ind icat e su bme rged , agita ted 
shoa l wate r or areas low in the intertida l zone . Aitken (1967) 
suggested a weakly agitated, subaqueous origin . The interbeds 
with oncoids a nd c ryptalga l grains, therefore suggest that the 
upper part of the mud stone facies acc umu lated unde r 
intermittently agitated conditions high in the subtida l zone . 
Tabu lar mudstone intrac lasts in uppe r beds may be evidence 
of high subtidal conditions. Such int rac last s a re thought to 
develop by desiccation of sed iment in pe ri t ida l mud flat areas 
(Aitken, 1966; Logan, 1964). Those present in the mudstone 
facies may have been tra nsported from nea rby supratidal or 
inte rtidal environments into sha llow, sub tida l a reas during 
stor ms. 

The upward dec rease in abundance of a rgillaceous roc ks 
may ref lec t deposition from gradually shoa ling water . Aitken 
(1966) suggested tha t simil a r conditions were responsible for 
re latively nonargillaceous ca rbona t e a t the top of Cambrian 
shale -carbona te cycles in the Rocky Mountai ns. He 
postulate d that as a result of shoa ling during the ca rbonate 
half-cycle , fine grained terrigenous e lastics could not be 
transpor ted effectively from the inner de trital be lt to the 
midd le carbona te belt. The ca rbona te half-cyc les a re 
commonly capped by inte rt idal deposits but these do not 
occur in upper mud stone fac ies rocks . 

In summa ry, the mud stone fac ies of subunit Id 
accumulated du ring shoa ling of the sha llow ma rine , subtidal 
environment . Although intermittently agitated conditions, 
possibly high in the subtidal zone, preva iled du ring late Id 
time, this shoaling did not culminate in peritidal condi t ions in 
the study area. 

SUbunit l e 

Description 

Subunit le inc ludes fin e g ra ined, terrigenous e lastics 
and a variety of interbedded ca rbona te rocks. The subunit, 
from 40 to 90 m thic k, forms recessive, grey weathe ring 
outcrops (Pl. 13a). Its basal contact is sharp and the member 
is overla in unc onformably by Upper Cambrian mudstone and 
calcareous argillite. Sma ll a rc haeocyathid carbona te buildups, 
which occur Joca lly, a re discussed in the fo llowing chapte r. 

More than ha lf of subunit I e is grey to green 
weathering, noncalcareous thin bedded to lam inated argil lite 
(Pl. 13b) composed of white mica , quart z, c hlorite and 
accessory pyrite. Although not abundant some t r ilobites, 
archaeocyathids and brachiopods occ ur. Complete trilobite 
skeletons are rare and even intac t cephal a a re uncommon . 
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Most trilobite re mains consist of spines and other fr ag men t s. 
A few near ly complete ske le tons of Oie ne IIus, Ne vade lla? and 
fr agments of Laudonia? we re di scove red . Arc haeocyathids 
a re intact and oriented paralle l to bedding . Brachiopod molds, 
cast s, and complete shells show growth lines a nd a re 
generall y less than 1.5 cm long . Some may be lingulid s and 
others are proba bl y the inarticulate Obole lla, wh ich is 
c ommonl y found in a rc haeocya thid-bearing rocks of Lab rador 
(Ba lsa m, 1973 ). 

Wackestone and mudstone a re usually dolomitic a nd are 
interbedded with a rgi lli te or ca rbonates of subunit I e . Grai n 
co mponent s, which a re spa rse ly dist r ibuted, consist of 
a rc haeocyath ids, echinode rm a nd tri lobite frag men ts and 
peloids. 

Le nses and tabular beds, 2 cm to 3 m thic k, of ooid 
grains tone a nd packstone occur sporadica ll y in subunit I e. 
They grade late ra lly into bioc las ti c or oncoliti c sediments. 
Ooliti c rocks loca ll y exhib it small scale, low a ngle , c ross 
st ra tification (Pl. 13c). Graded bedding was not seen. Ooid 
grainstones have sphe rical ooids in a granu la r mosaic of 
ca lc ite cemen t (Pl. 13d). They lack a mud matrix which 
suggest s winnowing . Subordinate grai ns inc lude tril obite 
fragment s , rounded ech inoderm grain, supe rficia l ooids 
(Logan et a l., 1969) a nd quartz silt. Ooids a re well sor ted , 
abou t l mm in diameter, and c losely packed. Most a re 
rec ryst a ll ized to calcite spar and a re re placed by euhed ra l 
dolomite . Hematit ic impuriti es def ine the regul a r concent ri c 
la min ae in such recrys t al Ii zed ooids. Ident ifiable nuclei 
include echi nod erm and trilobite fragments, or ra re ly, quart z 
grains. 

In the ooid packstones, ooids a re enc losed in a skeletal 
dolomitic wac kestone mat ri x with a variable spa r/mud ratio 
(Pl. 13e). Packstones with littl e mud a re si mila r to grain
ston es. However, in packstones with low spar/mud rat ios 
pe loids, skeletal g ra ins , a nd supe rficia l ooids a re re la tive ly 
co mmon. These ooids may be ovate, c rescent fo rm, or 
ir regular depending on the degree of c oating and shape of the 
tri lobite or ec hinod e rm nucleus. 

The oncoid mudstone and float stone associat ed with the 
oo liti c and skeleta l-ri c h ca rbon ates of subunit le are 
se pa ra ted into two groups; granule-sized oncoid rudstone and 
pebb le-sized oncoid rudstone and f loatstone . The granule 
oncoid mudstones have simple, ovate oncoids in calcit e 
cement with varied amounts of ooliti c skeletal packs tone 
matrix (Pl. 13f). Both granular mosa ic a nd drusy cement a re 
present . Oncoids are generally we ll -sorted and winnowing is 
implied by the sparse matrix (Pl. 14a). Oncolitic coatings a re 
dark, wavy, concentri c la minae (Pl. 14b) and nuc lei are 
trilobite and echinoderm fr ag ments as well as hyolithids , 
archaeocyathids, and peloid intrac lasts. Other la rge grains 
are angular, dark, erosiona l intraclas t s up to 1. 5 cm across 
(Pl. 14a) composed of oncoid rudstone with a ske le t a l 
packstone matrix. 

The pebble -sized onco id mudstone and floatstone 
consists of la rge, simple a nd spongy-textured oncoids in a n 
archaeocyathid trilobite echinoderm packstone matrix (Pl. 5c; 
J 4c). In this ma tri x constituent g ra ins are gene ra lly 
fragmented (Pl. I 4d) a nd minor com ponen ts inc lude ooids, 
hyolithids and qua rt z silt. Some ruds tone and floats tone has a 
high spar/mud ratio . Simple oncoids are up to 5 c m in 
dia meter and may be ob long, subsphe rical, or irregula r 
depending on the degree of coat ing and form of the nuc leus. 
Coatings are da rk and of uniform thic kness a round even the 
most irregular-shaped nuc lei . Quart z silt and skele t a l 
fragments are inc orporated in so me la minae . Common nuclei 
a re frag me nted or who le a rc haeocyathid s and ra re ly, 
hyolithids and tri lobites. Spongy oncoids tend to be ovate and 
some lack di st inc t, large, skeletal nuc lei. 



The skeletal rudstones of subunit le include archaeo
cyathid hyolithid-echinoderm trilobite archaeocyathid-, and 
trilobite-rudstone. They occur as lenses associated with other 
coarse grained carbonat es and locally exhibit sma ll cut-and
fill structu res. 

Archaeocyathid hyoli thid rudstone (Pl. l 4g) general ly 
has a recrystallized skeletal wackestone matrix. Hyo lithids 
are norm a ll y stacked concentrical ly or irregularly inside 6ne 
a nothe r (Pl. 5a, 5b) and cones are preferential ly oriented 
suggesting alignment by cu rre nts. 

Echinoderm trilobite archaeocyathid rudstones (Pl. 14e) 
have a groundmass of calcite cement and carbonate mud . 
Both granular mosaic and drusy calcite cement are present. 
Subordinate grain types include ooids , hyolithids, brachiopods, 
peloids and intrac last s of mudstone a nd a rgillite . Smooth, 
ovate peloids may be feca l pellets and indirectly suggest 
bioturbation. Some rudstones consist of a "hash" of trilobite 
fr agmen ts (Pl. J4f}. 

Environme ntal Interpretation 

Rocks of subunit le a re indicative of deposition under 
shallow marine, intermittently agitated, subtidal conditions, 
with periodic strong wave or current action. Bioturbation, 
indigenous, benthonic organisms (archaeocyathids) in 
carbonate buildups and complete brachiopods in argillite, 
suggest that water c ircu lation was sufficient to provide 
bottom dwellers with adequate oxygen. Further, archaeo
cyath ids are generally conside red to be sha llow marine 
organisms (Hill, I 972; Hecke l, 1972). These biotic conside ra
tions show that subunit le was deposi ted in a sha llow, normal 

marine environment . Intermittent cu rre nt or wave activity is 
postulated because lenses of high energy deposits (skeletal 
rudstone and oolite grainstone) are interbedded with a rgillite, 
presumably a low energy deposit. Ooids, oncoids, some 
intrac lasts, and much of the skeletal debris in these lenses 
were probably swept into calmer water from turbulent 
ca rbonate shoal areas. Sargent (1975) and West et al. (1968) 
suggested Cambrian rocks resembling those of subunit l e 
resulted from deposition of shallow, turbulent water facies in 
a quiet water environment during storms. Similarly, in recent 
deposits of the Persian Gulf region, Lareau and Purser (1973) 
noted that oolitic sediments are scattered far beyond the 
locale where they were fo rmed . 

Skeletal and nonskeletal grains were occasionally 
reworked following transport to the depositional site in 
subu n it 1 e . Thi s is suggested by the presence of cu rrent 
aligned and stacked hyo li thids, erosional intrac lasts, 
occasional cut-and -fi ll structures, winnowed oncoid 
rud stones, a nd well-sorted, crossbedded, winnowed ooid 
grainstones. Hocke ly (1973) interpreted stacked hyolithids to 
result from reworking by osci llatory wave or cu rr ent action . 
Merek and Yochelson (1976, p. 68) specu lated that these 
hyolithids " ... may have lived in sha llow, rela tively narrow 
she lf regions which from time to time, perhaps during sto rm s, 
were swept by currents strong enough to move, sort, and 
imbricat e the shells". Intraclasts, made up of a rgil lite or 
oncoid rudstone, a re simi lar to rocks in subu nit I e and 
therefore, suggest subaqueous eros ion of semi lithified 
sediment during periods of turbulence. Some thicker lenses of 
oolitic deposits may represent accumu lat ions of oo ids on 
small shoals or submerged bars. 
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ARCHAEOCY A THID CARBON A TE BUILDUPS 

Excellent exposures of archaeocya thid buildups, which 
are rare in most Lower Cambrian sequences of the Cordillera, 
are found in the Ketza River area. These occur loca lly in 
subunits Id and l e. Because archaeocyathids are the earliest 
potential reef builders and because thei r buildups in the 
Cordillera have not been studied in detail, this c hapter 
describes the buildups and evaluates their conditions of 
growth . The buildups of subunit Id a re interpreted as 
"potential reefs", those of le as "banks" (sensu Heckel, 1974). 

Carbonate Buildups of Subunit ld 

Distribution, Size, a nd Shape 

Seven large buildups and at least 8 smaller ones are 
exposed between Tarn and Shrimp lakes in the sou thwest 
co rner of the area (Fig . 2). The st ructures are at different 
horizons in the lower 150 m of subunit ld. The first buildups 
do not occur abruptly at one horizon, but at the different 
stratigraphic levels; none are in the uppe r part of the subunit. 

As a re su lt of topography most buildups a re exposed in 
east-west vertical sections. The la rgest, Ta rn Lake and 
Shrimp Lake 1, occur at the base of subunit ld. Shrimp Lake I 
is approximately 610 m wide and as much as 90 m thick 
(Pl. 16). The original dimensions of the Tarn Lake buildup are 
unknown because it is faulted at its northeast extremit y. This 
structure was longer than 600 m in northeast direction and as 
much as 90 m thick (Pl. 18). The smallest carbonate buildups 
are less than l m in diameter and occur as discrete carbonate 
masses in calca reous argillite or as "mounds" on the tops of 
some mudstone beds (Pl . l 5a, l 5b). 

In east-west vertical sections, buildups are lenso id with 
irregu lar tops and bases (Pl. 15c, 16, and 18). Width/thickness 
ratios average 6 to l or less. Limited evidence from buildups 
partially exposed in three dimensions suggests they are lens
shaped in a ll directions . A biohermal geometry (Nelson et al., 
1972) is therefore interpreted for the buildups and they 
probably had an oval or subc ircular plan during growth . 

In shape and size the buildups of subun it ld resemble 
the Recent patch reefs of Bermuda (Garrett et a l., 1971; 
Jo rdon, 1973) Florida (Bathurst, 1971, p. 157), Yucatan Shelf 
(Logan et al., 1969) and the Indian Ocean (Stodda rt, 1973). 
Archaeocyathid buildups in Labrador also have the geometry 
of patch reefs (Copper 1974; James and Fong, 1976). 

Bui ldup Margins 

The contact between massive unbedded, orange
weathering buildup rock and the su rrounding well stratified, 
grey-brown weathering strata is commonly sharp (PI. l 5d). 

PLATE 15 (opposite) 

a . Outcrop of small lensoid archaeocyathid carbonate buildup 
surrounded by calcareous argillite (subunit ld, Shrimp 
Lake section). 

b. Outcrop of small archaeocyathid carbonate buildup at the 
top of a relatively clean mudstone bed (subunit 1 d, 
Shrimp Lake section) . 

c . Outcrop of unnamed a rc haeocyathid ca rbonate buildup. 
The structure is lens-shaped and approximate ly 30 m thi c k 
in east-west vertical c ross-section (subunit l d, 
immediately east of Shrimp Lake 1). 

d. Outcrop showing sharp contact between massive unbedded 
roc k of carbonate buildup (C) and thin bedded to 
laminated argillaceous mud stone (M) (subunit l d, base of 
Shrimp Lake 1). 

GSC 203328-N 

Mass i ve, unbedded 
carbonate 

0 m 

Stratified 
sediment 

3 

Figure 12. Tongue of massive unbedded carbonate projected 
into adjac ent strata, Tarn Lake Buildup. 

The base of the larger buildups is irregular, but the buildup 
carbonate overlies the arg illaceous mudstone conform ab ly. 
Inclined primary dips of some ske letal sand strata suggest 
that this irregular outline resu lts from original topographic 
re lief during initi a l stages of buildup development. 

Rocks adjacent to the carbonate buildups a re primari ly 
interbedded dolomitic, argi llaceous mudstone, calcareous 
argillite and, rarely, ske letal sand. From a distance the 
late ra l margins of buildups appear smooth, but in detail small 
"tongues" of unbedded carbonate occasionally project into the 
adjacent stratified sediments (Fig . 12). These wedges, 
generally less than 1.5 m thick, pinch out within 5 m of the 
main buildup mass and a re oriented parallel to bedding in 
su rrounding sediment. The tongues were evidently supported 
by underlying sediment a nd did not maintain an overhanging 
position during development . Blocks, composed of unbedded 
buildup rock, a re absent at lateral margins which a lso implies 
that tongues did not form over-hangings with cavern-like 
structures below them. Buildup perimeters probably had low 
relief a nd were commonly in contact with adjacent stratified 
sediment. 

Bedd ing relationships at the lateral margins of Shrimp 
Lake l suggest that thi s buildup may have attained a height 
of 8 m a bove the surrounding seaf loor . Positive topographic 
relief may be demonstrated by " ... flank beds that dip away 
from a buildup ... overlying units wedging out against it and 
thinning above it while displaying no significant transition 
into it ." (Hec kel, 1974, p. 19). Such pinchouts and local 
changes in dip occur in strata adjacent to Shrimp Lake l and 
a re discussed below. 

Some flanking st rata at the upper eastern latera l 
margin of Shrimp Lake l dip southwest, away from the 
buildup; the same strata 50 m from this margin dip southwest 
but are concordant with the regiona l strike and dip \Fig. 13). 
Some of this change in dip may be caused by compaction of 
mudstone adjacent to the buildup but most probably resu lts 
from original relief. If co mpaction were the only cause, all 
st rata shou ld exhibit local dip changes which they do not. 
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Table 2 

Summary of buildup organism s 

MAJOR BU ILDUP ORGAN ISMS 

FOSSIL GROUP FUNCTION GROWTH FORM DOMINANT GENERA 

Pyc noidocyathus 

. La rge c ylindrical-- Coscinocyathus 
~Solitar y ' Protopharetra 

Fra meproviders ------------ . . 

/ ~ 
Fascic ulate Pycno1docyathus 

Thic ket- li ke --- Large cylindrical_ p h 
. ---- rotop aretra Arc haeocyath1ds , clusters, some ----

colonial forms Fasc ic ulate p .d h yc no1 ocyat us 

' ' Baffles -----------------------------All archaeoc yathids 

Binder----

Sedim ent Enchrusted atnhddgrekwl btetween Renalc1's?. 
Al - St b'I' a rc aeocya 1 s e e ons ---------

gae :::: :: ::: - - a 1 ize r formed small "algal heads" 
or --- ~ 

Foram - - - - - . ~ 
-- Frameprov1der 

(Prima ry Function-) 
(Sec ondar y Func tion ---) 

OTHER BUILDUP ORGAN ISM S 

Stromatoporoid-like Altaic yathus? 
Small thin-walled fragile Arc haeoc yathids suc h as Ajacicyathus and Bicyathus 

Trilobites 
Ec hinoderms 

w E 

Metres 
30 

Feet 100 

Stratified sediments Carbonate buildup 

Figure 13. Primary dip of strata adjacent to eastern la te ral 
margin of Shrimp Lake 1. 

These fl a nking beds apparently had a primary dip of about 
JO degrees and suggest that the upper part of Shrimp Lake I 
attained a minimum height of 8 m above the surrounding 
seafloor (Fig. 13). Positive re lief is a lso implied by beds .that 
pinch out near the upper eastern margin (Fig. 13). All of the 
buildups probably had some original relief above the seafloor 
during growth . 

The upper surface of most buildups is broadly convex, 
but irregular in detail. These surfaces are character ized by 
small "knolls" less than I m high. Loc ally in the Tarn Lake 
buildup, large "pinnacle-like" structures are present (PJ. 18). 
Strata over lying buildups a re thin- to medium-bedded 
dolomitic a rgil lac eous mudstone and minor calcareous 
a rgil li te . The latter is parti c ularly abundant directly on upper 
buildup surfaces. Between "knolls" and "pinnacles" skeletal 
sand predominates . 

lnter-"knoll/pinnac le" strata oc casionally display 
sauce r-l ike bedding which, although possibly caused by 
compaction, may indicate that these prominences had relief 
during deposition. This type of bedding has a lso been observed 
within depression fi lling strata between the elevated growth 
surfaces of Silurian reefs in Gotland (Man ten, 1971 ). "Knolls", 
because of their height, could not have had more than I m of 
relief. Along late ral margins the "pinnacles" were probably in 
contact with their bordering stratified sediment like the 
margins of the main mass and their relief during growth was 
small compared to their present height . 

Facies Analysis 

Subunit Id is divided into mudstone, carbonate buildup, 
and skeletal sand fac ies. The carbonate buildup fac ies makes 
up 90 per cent of the buildups and skeletal sand const itutes 
the remainder . The buildups are encased by the mudstone 
facies disc ussed above. A description and interp retation of 
the carbonate buildup and skeletal sand facies of Shrimp 
Lake I (Pl. 16, 17) Shrimp Lake 2 and Tarn Lake (Pl. 18, 19) 
follows . 
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Carbonate Buildup Facies 

The buildup facies consis t s predominantly of resistan t, 
orange-weathering, massive, unbedd ed a rchaeocyathid 
Re na lcis? bindstone with a do lomite mudstone matrix 
(Pl. 20a, 20b, 20c) . Among 35 rep resentative sam ples of th is 
bindstone, archaeocyathids average 26 per cent ·by volume 
and range from 6 to 51 per cent; Renalcis? averages 31 per 
cen t and ranges from 25 to 60 per cent; and mudstone matrix 
ave rages 36 per cent and ra nges from 31 to 51 pe r cent. 
Trilobite and echi node rm fragme nt s, argillaceous mudstone, 
and granular mosaic calcite cement a re less a bundant 
components. Archaeocyathids a re overgrown by Re nalcis? to 
form a rigid, bound texture (Pl. 6, 21, 22). Primary cav ities 
a re uncommon. Those present a re ir regular, small, and 
genera lly f illed with calcite ; some are partially filled with 
mudstone (Pl. 20d). 

Subordinate in the buildup facies are massive unbedded, 
Renalcis? archaeocyathid floatstone with a dolomite mud
stone matrix (Pl. 20e) a nd calcareou s a rgi llite . Floatstone 
grades into bindstone and the two rock t ypes are difficult to 
distinguish in the field. In floatstone, Renalcis? enc rusts 
archaeocyathids but has not cemented neighbouring cups 
togethe r. Calcareous a rgillite occurs as thin, irregu la r 
partings generally less than 15 c m thick . Fossils a re ra re in 
these pa rtings. 

Common a rchaeocyathids of the buildup facies inc lude 
the irregula r genera Protopha retra, Pyc noidocya thus, and the 
regular Coscinocyathus?. The regular Ajac ic ya thus and 
Cordille rocyathus? and the irregular Bicyathus? a re some
what less co mmon . Altaicya thus? is present loca lly. 
Occu rrence of seve ral genera within centimetr es of one 
another indicates that the different genera were coex tant. 
Within th e buildups a rchaeocyathids are often erect anci 
although many are oriented at other angles, this indica tes 
that the cups are mainly preserved in growth position . 
Skeletons, some dolomitized, a re complete and com monly 
solitary . The majorit y are filled with granular mosa ic ca lc ite 
cement, possibly a result of encrustation by Re nalc is? before 
mud filtered into the skeleton. Clusters of erect archaeo
cya thids with weak co lonial hab it a re seen loca lly. In these 
clusters cups are abundant. Copper (1974) a nd Balsam (1973) 
have shown that exothecal growths are importa nt binding 
agents in a rchaeocyathid reefs of Labrador . Such growths are 
rare in the carbonate buildup facies and do not contribute 
significantly to the formation of its common bindstone 
textu re . 

PLATE 20 (opposite) 

a . Outcrop showing resistant, massi ve , unbedded nature of 
the Shr imp Lake I buildup . Some bindstone talus blocks 
are up to 3 m across . Arrow points to man . 

b. Outc rop showing resistant, massive, unbedded natu re of 
Shrimp Lake I. Ma n is standing near the base of the 
bui ldup. 

c. Outcrop showing weathered su rface of archaeocyathid 
Rena lcis? bindstone. Light coloured structures are 
a rchaeocyathids in-filled with calcite spar. Diameter of 
coin is 2.5 cm (carbonate buildup facies, Shrimp Lake 1). 

d. Hand speciman showing primary cav ities. Most are filled 
with calcite spar although da rk mud stone internal 
sediment partially fills cav ity a t (C). Note dark Rena lcis? 
growing into cav ities sugges ting that this organism may 
have acted as a minor frameprovider (Shrimp Lake I.) 

e . Hand specimen of archaeocyathid Re nalcis? floatstone 
with a dolomite mudstone matrix (carbonate bui ldup 
facies, Shrimp Lake 2). 

GSC 203328-S 

Complete a rchaeocyath ids in growth orientat ion with an 
abundant mudstone matri x suggest that, for the most part, 
low energy conditions prevailed during deve lopment of the 
carbonate buildup facies. Pervasive organic bindi ng implies 
that the buildups cou ld have endu red limited or intermittent 
turbulence and therefore were potentially wave resistant. The 
highly fossiliferous na tur e of bindstones indicates an envi ron
ment favourable to prolific organic growth. Renalcis? grew 
between maturing a rchaeocyath ids and rapidl y enc rusted 
thei r skeletons after death . In this manner, successive 
generations of biota produced a rigid framework . The 
su bordinate floatstones wh ich probably formed locally where 
solitary a rchaeocyathids and Rena lcis? grew surrounded by a 
muddy substrate , demonstrate that the buildups were not 
rigi d throughout. 

The fu nctions and growth fo rm s of the fossils found in 
the ca rbonate buildup fac ies, are summarized in Tab le 2. 
Archaeocyathids were the primary frame prov iders and also 
ac ted as sediment baffles. Their hard skeletons provided 
"bui lding blocks" for the framework but most a rchaeocyathids 
are soli tar y and do not exhibit a binding habit . Thus, 
Renalcis? was extremely important in the formation and 
maintenance of fr amework. Not only did it bind 
a rchaeocyath id s, but it a lso cont ributed signif icant volume, 
and probably acted as a sediment stabilizer and minor 
frameprovider (Pl. 20d). 

Inc idental buildup dwe llers inc lude trilobites and 
echi noderms. Although these organisms inhabited the 
buildups, they did not take an active part in framework 
const ruction . 

Calcareous a rgillite pa rtings within bindstone probably 
ref lect the intermittent in flux of fi ne grained terrigenous 
e lastics which settled in loca l areas on upper buildup 
su r faces . The poorly fossiliferous nature of these partings 
suggest that they retarded the growth of framework 
organisms periodically. 

Ske le ta l Sand Fac ies 

The ske leta l sands include thin to medium bedded 
a rc haeocyathid rudstone (with a dolomitic, archaeocyathid 
echinoderm trilobite peloid packstone matrix - Pl. 23a, 23b , 
23c) a rchaeocyathid floatstone (with a dolomiti c a rgiJ Jaceous 
wackestone/packstone matrix - Pl. 23d, 23e) archaeocyathid 
echinoderm trilobite peloid packstone a nd interbedded 
trilobit e rudstone - Pl. 24a, wackestone/mudstone, and 
calca reou s argillite . 

Peloids found in the facies are normal ly Jess than l mm 
in size and are ovate or irr egu la r. The fo rmer may be feca l 
pellets, but the latte r are probably intraclasts. Some 
packstones a re made up of peloids in a groundmass of 
granular mosaic calc ite cement (Pl. 24b) . Subordinate grain 
component s in the skeleta l sand include crypta lgal-coated 
grains (P l. 24a); ovate, pe lo id packstone intraclasts (Pl. 24c); 
tabular, lami nated , calcareous argi JJite int rac lasts (Pl. 24d); 
archaeocya thid Renalcis7 bindstone int rac lasts (Pl. 24e ); a nd 
ra re ooids . The chaotic tex ture of some ske letal sand s and the 
presence of possible fecal pellets and ra re escape structures 
suggest that these rocks were bioturbated . 

The most common skeletal grains in the facies are 
intact or broken archaeocyathids, not in growth position . The 
ske letal sand has the same genera as the carbonate buildup 
facies, but with small c ups. Irregula r archaeocyathids 
predominate over the la rge regular genera . Other skeletal 
constitue nts inc lude trilobites, echinoderms, and rare stacked 
or so litary hyolithids . Cryptalgal-coat ed grains with archaeo
cyathid or t rilobite nuclei are present locally . 
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PLATE 23 

a. Hand spec imen of archaeocyathid rudstone with an archaeocyathid 
peloid packstone matrix . Sample is etched with hydrochloric acid 
re sulting in light colou red dolomitized skele ta l grains and mud and 
da rke r calcite cement. Note the large archaeocyathid fragment a t 
(S) (skeletal sand facies, Shrimp Lake l ). 

b. Thin sec tion of archaeoc yathid peloid packstone matrix of 
rudstone illustrated in Pl. 23a. Note high spar/mud ra tio of this 
ma trix and the echinoderm fragment at (E). 

c . Thin sec tion of a rchaeoc yathid f loat stone with a ske letal peloid packstone matrix . Note the high spar/mud ratio of t his 
ma trix (skeletal sand fac ies, Shrimp Lake 1). 

d. Thin se c tion of a rc haeocyathid floatstone with a skeletal peloid pac kst one matrix (skeletal sand fac ies, Sh r imp Lake 1). 

e . Ha nd spec imen of arc haeoc yathid floatstone with a skeletal pe loid pac kstone mat r ix . Note relative ly low spar/mud ratio of 
t his matrix (skeletal sand fac ies, Shrimp Lake 1). 

GSC 203328- V 
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PLATE 25 

a. Outcrop of in terbedded skeletal sand and mudstone facies 
at the base of a carbonate buildup. Hammer is at contact 
with the over lyi ng carbonate buildup facies (base of 
Shrimp Lake I ). 

b. Outcrop of intra-buildup skeletal sand found in "pocket". 
Note inclined primary dip (skeletal sand facies, Shrimp 
Lake I ). 

c . Outc rop of mudstone facies approximately 45 m from the 
eastern lateral margin of Shrimp Lake 1. Note the light 
co lou red, thin interbed of the ske le t a l sand in the lower 
part of the photograph. Pole is 1.5 m long . 

GSC 203328- X 

The skeletal sand facies occurs at the base of carbonate 
bui ldups and as pockets within them, on top of them and 
around them. At the base of bui ldups it is in discontinuous 
t abular beds about 30 cm thick that a re general ly ab rupt ly 
overlai n by the carbonate bui ldup facies . The "int ra- buildup" 
skeletal sand forms irregular "pockets" and tabular beds 
completely sur rounded by the carbonate buildup facies . 
Pockets are well st rati f ied and as much as 6 m thick and 9 m 
wide . Tabula r beds a re vaguely stratif ied and gene ra ll y Jess 
than 15 cm thick and 3 m wide . Bedding in t he pockets is 
usually parallel, its attitude similar to that of rocks outside 
buildups . Locally, saucer -l ike bedding and inc lined primary 
dips were found (Pl. 25b). The int ra-bui ldup sand grades in to 
the buildup facies or is in sha rp contact with it . The skeletal 
sand that occurs between "pinnacles" and "knolls" on t he 
upper buildup su rfaces locally exhibits saucer bedding li ke 
that of intra-buildup sand ; it grades upwards in t o t he 
mudst one fac ies above the bu il dups. ke leta l sand around t he 
buil dups is limited to rare, thin, discont inuous, tabular 
interbeds (Pl. 25c) less than 15 cm thick which have sharp 
uppe r and lower contacts (Pl. 25d). 

The skeletal sand facies was deposited unde r in t e r
mittently agitated conditions in depressions on the buildups 
and locall y a round them. Their ske letal de t ritus is c learly 
de rived from the buildups themselves as the mudstone arou nd 
t hese struc t ures is poorly foss il ife rous (Pl. 25e, 25f ). 
Intermittent agitation, suggested by the presence of broken 
archaeocyathids, e rosional int raclasts, c ryptalgal -coated 
grains, and coarse grai ned, spar-r ich carbonat es, probably 
resu lted from storms. Rocks like the in t ra-bui ldu p skeletal 

d. Hand specimen of archaeocyathid trilobite peloid 
packstone of t he skeleta l sand facies . This packstone 
occurs interbedded with the mudstone facies· 
approximately 120 m from the eastern lateral margin of 
Shrimp Lake I. Note sharp lowe r contact of the interbed 
wit h under lying a rgill aceous mudstone. 

e . Outcrop of thin - bedded dolomitic mudstone and minor 
calcareous argillite (mudstone facies, approximately 
120 m from the eastern lateral ma rgin of Shrimp Lake I). 

f. Ha nd specimen of dolomitic mudstone nea r eastern lateral 
margin of Shrimp Lake I. 

sand occur in Si lurian reefs of northern Europe where they 
are a lso interpreted as depression fi llings (Manten 1971; 
Scoffin, 1971 ). A recent analogue of the intra-bui!dup sand 
may be skeletal-rich deposi t s found in hollows between the 
raised "knobs" of recent patch reefs in Be rmuda 
(Gar rett et a l. , 1973). Shallow depressions overgrown by 
organic framewo rk resulted in the skeletal sand pockets and 
tabula r beds enclosed by the carbonate buildup facies . 

Summary of Carbonate Bui ldup Development 

Based on the above facies ana lysis , the carbonate 
bu ildups of subunit Id are interpreted as potential reefs 
(sensu Heckel, 1974 ) which grew in a shallow water environ
ment subject to periodic agitation during storms. Their rig id 
organic framewo rk suggest that buildups were potentiall y 
wave resis t ent . Shallow wate r conditions within t he phot ic 
zone a re interpre t ed from t he presence of c ryptalgal-coated 
grains . Jf Renalcis? is a blue-green calcareous algae, its 
abundance in the carbonate buildup facies also implies 
relatively shallow water conditions. Even if Renalcis? is a 
forami nifer , it appears t hat the organism was adapted to 
"warm , shal low-marine bioherma l carbonate envi ronmen t s" 
(Riding and Brazier, 197 5, p. 209). Quiet water below the surf 
zone and probably normal wave base is suggest ed because the 
bu ildups contain a bundant mud matrix and are f la nked by low 
energy deposits which Jack thick beds of reef-talus. Howeve r, 
local accumulations of skeleta l sand indicate that conditions 
were not always quiet and limited physical e rosion occur red 
dur ing bui ldu p growth . 
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Carbonate Buildups of Subunit le 

Carbonate buildups a re present at all stratigraphic 
levels in subunit le, but are not volumetrically important. 
They are biohermal or biostromal shaped (sensu Nelson e t a l., 
1962; Pl. 26a, 26b). The largest, at Mount Fury, is about 20 m 
wide and 2 m thick , but most a re smal ler, 6 m by l m. These 
buildups a re surrounded by noncalcareous argillite and 
margina l contact s a re sharp . Upper and lower surfaces are 
smooth a nd the structures lack "knolls" a t their tops. 
Late ral ly, buildups pinc h without forming "tongues". No 
ske letal sand fac ies is assoc iated with them . 

Argillite a t late ra l margins of the buildups does not 
exhibit local changes of dip or pinchouts and evidence of 
topographic relief the refo re is Jacki ng . However, buildups a re 
surrounded by noncalcareous argillite suggesting that some 
environmental factor localized carbonate deposition . That 
factor may have been posit ive re lief. Hecke l (1974, p. 91) 
note d that in a regime of shale deposition, local, elevated 
structures provide a reas where "carbonate can be generated 
away from the norm a l pa ths of cu rre nts carrying terrigenous 
deb ris". 

The bui ldups in subunit l e are com posed of massive , 
unbedded, a rc haeocyathid (2 5% ) floatstone and minor rud 
stone, both with a do lomite mudston e mat ri x (Pl. 26c, 26d, 
26e). Renalcis?, a lthough present, does not bind a rc haeo
cyathids into a rigi d fr amework, which gives rise to the 
floatstone textu re . 

Arc haeocyathid genera found in the buildups of 
subu nit Id a re a lso presen t in those of subunit l e . Large 
speci mens of Pycnoidocyathus and Coscinocyathus, some wi th 
heights up to 20 c m (Pl. 26f) a re pa rt icul a rly abundant. 
In tact or broken cups a re genera lly prostrate and not in 
growth position. Notable by its absence is the 
stromatoporoid-like Altaicyathus?. Renalcis? is not a bunda nt 
and occurs as enc rustations on individual archaeocyathid 
skeletons or f loating in the mudstone matrix . Trilobite and 
echinoderm fragments are found sparse ly in floa t stone and 
rudstone. 

Buildups of subuni t I e a re interpreted as archaeocyathid 
mud "banks" (sensu Hecke l, 1974 ), because they are late ra lly 
restri cted , lack a rigid framework, a re made up of archaeo
cyathids and do lomite mud and may have had s light positive 

PLATE 26 

a. Outc rop of small biohermal-shaped ca rbonate buildup 
surrounded by recessive non-calcareous a rgi!Jite. This 
structu re is approximate ly J m thic k. (subunit l e, 2.5 km 
north of Mount Fur y sec t ion). 

b. Outcrop of bioher mal-shaped carbonate buildup 
surrounded by non-calcareous argill ite . Hammer is nea r 
the base of this struc ture . (subunit le, Cache Creek 
section). 

c. Hand speci men of arc haeocyat hid f loatstone with a 
dolomite mudstone matrix . (ca rbonate buildup, subunit l e , 
Mount Fur y sec tion). 

d. Ha nd specimen of a rchaeocyathid floa tstone with a 
dolomite mudstone matrix. Note la rge a 1·c haeoc yathid 
fragment at (S). (carbonate buildup, su bunit Id, Mount 
Fur y sec ti on) . 

e. Hand specimen of a rc haeocyathid rudstone with dolo mi t e 
mudstone matrix (ca rbonate buildup, subunit le, Mou nt 
Fury section). 

f. Hand specimen of Pycnoidoc yathus. La rge archaeocyathid 
a re common in ca rbonate buildup of subunit le. (ca rbonate 
buiJdup, subunit I e, Cloutier Creek section). 

(GSC 203328-Y) 

topographic re lief. Un li ke the reefs of subunit Id, banks have 
no potential for wave resistence because they lack a bound 
texture. Subunit le was deposited in a sha llow, normal 
marine, intermittently agitated, subtidaJ envi ronment 
periodically subjec ted to strong cu rrent or wave action. 
Deposit ional condi tions of t he banks must have been sim il a r. 

Although a rc haeocyathids a re as abundant in banks of 
subunit le as in reefs of subunit Jd , the banks con tain Jess 
Renalcis? than the reefs. Thi s implies that the organic 
framework of the reefs is gene rated mainly by Renalcis ? a nd 
tha t a rc haeocyathids a re incidental in this regard. Renalcis? 
may have been fr agi le and adapted to re la ti vely low energy 
conditions (Klovan, 1964). If so, the absence of organic 
framework in ba nks possibl y resu lts from periodic strong 
cu rre nts that inhibited RanaJcis ? proliferation . 

The sou rce of the carbonate mud in the banks is not 
c lear . These banks a re surrounded by noncalcareous a rgi JJ ite 
and th e mud does not originate the re . Much of the mud may 
have been produced on the banks by breakdown of tha lli of 
calca reous algae . Morgan (197 5) suggested a si mil a r origin for 
the mud in Californian a rc haeocyat hid banks which a re a lso 
e ncased in fine grained terrigenous elastics. A recent 
a na logue of the subunit I e banks may be the Florida Bay mud 
mounds where fine carbonate is produced by breakdown of 
codiacean a lgae (Stockman et a l. , 1967). 

SUMMARY AND CONC LUSIONS 

The early Early Cambrian to late Ear ly Cambr ian 
succession exposed in the Ketza Rive r a rea, cent ral Yukon is 
a 700 m th ick , miogeoc lina l seque nce of e last ic and carbonate 
rocks . The sha llow marine sequence was deposited on the 
continental she lf adjacent to the North Ame rican craton 
within the "middle ca rbonate be lt " of Palmer (1960) and 
Robi son (1960). The success ion spans the first Low r 
Cambrian "Gra nd Cyc le" (Frit z , 1975 ) and the lowest part of 
the second. 

Five lithost rat igrap hi c subdivisions (subunit s I a and J e ) 
a re recog ni zed in the succession. During the ear ly Early 
Cambr ian, the Mount Fury quartzite (l a ) was deposited in the 
northeas t part of the area while a n equiva lent arg illite 
accumulated in the southwest . Mount Fury sedi me ntat ion 
occurred in an intermitte ntl y agitated env ironment, within 
the transition zone between high energy coasta l sands and 
offsho re muds. At the end of subunit la time a rgill ite was 
depos ited over the enti re a rea, ref lect ing a transg ression 
toward t he e ra ton of lower ene rgy, deeper wate r facies . 

Near the beginning of the midd le Early Cambrian , the 
influx of t er rigenou s elastics was reduced and restri cted 
conditions deve loped on the she lf. Da rk, poorly fossiliferous, 
lami nated muds tone (subuni t I b) ref l~c t s this period of 
s tagnat ion . 

Renewed accumu lation of arg i Ii i te began with deposi 
ti on of subu nit l e a lthough the sea remained semi restricted . 
This a rgilli te diffe rs fro m that of subu nit l a ; it lacks sand a nd 
is ca lcareous. Toward th e end of Jc time the influx of 
terrigenous e lasti cs decreased , and mudstone and wackestone 
were depos ited under quiet normal marine conditions. 
Archaeocyathid s, trilobites, echinode rm s, and algae began to 
f lourish . 

Subunits Id and I e are particu la rly interesting because 
they e nvelop loca l a rchaeocyathid ca rbonate bui ldups. 
Dominant a rcheocyathids inc lude Pycnoidoc yathus , 
Protopha re tra , Coscinocyathus and a binding a lga l-like 
st ructu re related to Renalcis. These organisms a re enclosed 
by a mudstone matrix . The stromatoporoid-li ke Alta ic yathus? 
is present locally in buildups of subuni t Id. 
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Carbonate facies dominate subunit l d. Lowe r stra t a a re 
mudstone and calcareous a rgi llite de posi t ed unde r lo w energy, 
shallow, normal marine, subt idal cond itions. The seaf loor was 
not favou rable to profuse organic act ivit y, but 
a rchaeocyathids and Renalcis7 constructed local la rge 
buildups. These have a patch reef shape and some had 
min imum re li ef of 8 m above the surround ing muddy seaf loor 
during growth. They grew in quiet wate r below the surf zone 
and normal wave base. Local lenses of skeleta l debri s ind ica te 
t ha t pe riodic, stor m-gene rated , currents swep t their upper 
surfaces. The bui ldups exhi bit a bound textu re and a re 
"potential reefs" (sensu Heckel, 1974). 

Reefs a re absent in the uppe r part of subun it ld, 
probably because t he water became sha llowe r and more 
agitated as ind icated by widespread mudstone with 
inte rbedded floatstone and rud stone contain ing oncoids a nd 
c ryptalgal-coated gra ins. Th is shoal ing t rend did not 
cu lminate in supratidal or inte rtida l condit ions . 

Nea r the beginning of la te Ea rl y Cambr ian time, 
noncalcareous mud , rep resented by argillite of subunit l e , 
was deposited in quiet wate r. Periodic strong cur rents swept 
ooids, oncoids, and ske letal detritus from turbulent shoa l 
a reas deposit ing them as lenses and tabula r deposits in the 
a rgi ll ite . Local ly, sma ll a rc haeocyathid ca rbonate bui ldups 
deve loped. These have an a rchaeocyathid fau na li ke that of 
the reefs of subunit ld but Renalcis? is not as abunda nt a nd 
Altaicyathus? is abse nt. Because the bui ldups lack a ri gid , 
orga nic fra mework they are interp reted as a rc haeocyathid 
mud "ba nks" (sensu Heckel, 1974). 

Subun it l e is unconformably ove rlai n by la te Cambria n 
f ine gra ined carbona t e and a rgillite. 
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