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ABSTRACT. P i i
] recambrian history of the Canadian Cordillera is recorded in two great
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522 Hubert Gabrielse

extrusive activity, metamorphism, and tectonism that" seem to be of
importance on a Cordillera-wide scale.

PURCELL (BELT) SYSTEM ;
lative rocks are expose
ta of the Purcell System and corre : ; !
alonSti;ea Yukon Territory-Alaska boundary anq underlie f;ll‘ly 1e{xtcel?
sive greas in parts of Ogilvie, Wernecke, Mackenzllg,5 ZX;I Illor:hersr:) utgen):
i Ma . In the
tains (see fig. 1; Canada Geol. Survey Map .
(I\ZC{)(:'l:irilllaelrI; t(hey cimprise the core of Purcell Mountains, tl:ﬁe;)rllpeRzrctf):
ic terrain in sou .
and form the well-known, ruggedly scenic te Rocky
ins 1 i National Park. Representativ
Mountains including Waterton .Lakes _ . Representaiie
i hic columns are shown in figure 2. In many resp L
;':eatsligrrnzilﬁlrl in lithology and induration to Paleozoic strata exposed in
Mackenzie and Rocky Mountains.
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Purcell rocks throughout the Cordillera display markedly similar
characteristics. Except for easternmost facies the sequences are thick and
nowhere is the base exposed. Clastic rocks are generally fine grained and
well sorted; the bulk are argillite, siltite, and fine- to medium-grained
quartzite. A thick, well-bedded, medium-grained quartzite in Mackenzie
Mountains contrasts with a similar Lower Cambrian formation only in
that it is remarkably even grained whereas the Cambrian clastics com-
monly display significant variations in grain size. Thick units of dark
weathering mudstone, argillite, and siltstone form the lower parts of
Purcell sequences in Ogilvie, Wernecke, and Purcell Mountains and the

" uppermost parts in northern Rocky Mountains.

Red-bed facies are conspicuous in southern Mackenzie Mountains
and in southern Rocky Mountains, In Mackenzie Mountains pink-
weathering siltstone and shale are intimately associated with, and are in
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Fig. 1. Distribution and thickness of Upper ?rf:caml?rian rocks in the Canadian

Cordillera. Modified after Douglas and others; 1970.

Fig. 2. Representative stratigraphic columns of Purcell (Belt) rocks. Main sources
of data for columns are: 1. Green, in press; 2. Gabrielse, Blusson, -and- Roddick, in
Press; 3. Bell, 1968; 4. Rice, 1987, 1941; 5. Price, 1965. ) :
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524 Hubert Gabrielse

part perhaps facies equivalent of, bedded gypsum which ranges in thick-
ness from 100 to more than 1000 feet (30 to more than 300 m). '

Carbonate strata, mainly dolomitic and buff to orange weathering,
are typically well bedded, locally laminated, clean, and in some localities
abundantly stromatolitic. In places argillaceous, silty, or sandy dolomite
weathers orange-brown, thus contributing to varicolored assemblages so
distinctive of much of the Purcell strata as opposed to the general drab
appearance of the younger Windermere strata.

Andesitic flows and gabbroic to dioritic dikes and sills are volu-
metrically minor but are widely distributed throughout the Purcell
sequences. In the northern Cordillera conspicuous northerly trending
diabasic dikes from 20 to as much as 250 feet (6-80 m), thick:are most
numerous in Purcell strata of northern Rocky Mountains (Taylor and
Stott, 1971). Diorite sills that maintain their stratigraphic positions for
many miles are characteristic of Mackenzie Mountains and seem to be
particularly abundant in the oldest argillaceous unit of Ogilvie Moun-
tains (Green, in press). In the southern Cordillera the Purcell Lava
comprises a sequence of chloritized, andesitic volcanics several hundred
feet (about 70-100 m) thick. The Moyie Intrusions of Purcell and south-
ern Rocky Mountains are dioritic sills, possibly in part correlative with
the Purcell Lava, but they may have been emplaced during a consider-
able range in time (Hunt, 1962; Ryan and Blenkinsop, 1971). Sills are
concentrated in the middle and lower parts of the Aldridge Formation
in Purcell Mountains and locally form a high proportion of stratigraphic
successions (Reesor, 1958).

Precambrian strata are present in metamorphic complexes, gneiss
domes, and regionally metamorphosed assemblages throughout the length
of the Cordillera. Although Windermere rocks are definitely involved in
the complexes, the presence of Purcell strata has not been demonstrated.

Sedimentary structures are abundant, and, although they have been
studied in detail only locally, they provide useful preliminary data on
the configuration and nature of the Purcell depositional basin(s). Well
developed graded bedding, current markings, and slump structures in-
dicative of turbidite deposition are present in the Aldridge Formation
of Purcell Mountains and were interpreted by Bishop, Morris, and
Edmunds (1970) to indicate deposition in relatively deep water. Farther
east in southern Rocky Mountains correlative strata display crossbedding,
ripple-marks, desiccation breccias, and salt-hopper markings indicative of
tidal-flat and shallow-water deposition (Price, 1964). Strata younger than
the Aldridge Formation in Purcell Mountains also display abundant
structures formed in shallow water. ‘“Molar-tooth”, stromatolitic, and
odlitic or pisolitic structures occur in carbonate rocks in many localities.

COMMENTS ON PURCELL SEDIMENTATION

Age—The age of the Purcell System in the Canadian Cordillera is
known only within broad limits. Basal strata along the eastern margin
of preservation overlie crystalline basement having a minimum age of

Douglas and others, 1970.
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ﬁ(.)rg than 1600 m.y. (Burwash, Baadsgaard, and Peterman, 1962)
; 1n111111;in ages for the lower part of the Purcell System are suggested
' g' aAldr'Sr age of ab(?ut 1260 m.y. on a granodiorite stock intrusive into
e idge Formation in Purcell Mountains (Ryan and Blenkinso
1971); K—Ar_ages of about 1100 m.y. on the Purcell Lava (Hunt 19621))"
and a lead single-stage model age of about 1200 m.y. from the S’ulliva ’
Mine in the Aldridge Formation (Reynolds and Sinclair 1971) Thn
Purcell strata are overlain unconformably by the Winder;nere Sy st )
the basal beds of which are not closely dated. The character of W)i,ncfifll'i
mere rocks, however, suggests relatively rapid deposition probably en-
compassing less than 200 m.y. of latest Precambrian time. Thus they sug-

.. gestion of Harrison and Peterman (1971) that Purcell-Belt sedimentation .

took place between about 850 an i
view of limited data in the Canadia(;ll (l]?)igllrlr(lﬂ?,a 6% s reasonable in
Sedimentary environment.—The Purcell sedimentary rocks are re-
garded as representing a continental terrace wedge deposited along th
western anc'i southwestern margin of the North American craton (fg’ricee
1964; (.}abne:lse 1967; see fig. 3). The most complete cross section of the
.wedge.ls available in the southern Cordillera (see fig. 4). There, contra te
in facies, thicknesses, and sedimentary structures indicate a;l easte:Is
source for the miogeoclinal sediments. Current markings in the Aldridge

o
st
"y,

:""'nuu-l‘.‘

Fig. 8. Late tectonic elements of western and northern Canada. Modified after
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Formation representing the oldest exposed westerly facies of the sedi-
mentary prism reveal sediment transport by turbidity currents flowing
from south to north (Bishop, Morris, and Edmunds, 1970). The direction
of transport may reflect a paleoslope related to a reentrant of the Purcell
miogeocline in the northwestern United States (Harrison and Peterman,
1971) or perhaps simply flow parallel with the axial part of the deposi-
tional trough, a phenomenon well documented in a number of flysch
basins. The mode of deposition is envisaged (Bishop, Morris, and
Edmunds, 1970) as simple infilling of a basin with deep-water conditions
in the early stages changing to shallow-water conditions during Creston
deposition time. During the remainder of Purcell time sedimentation
kept pace with subsidence, and shallow-water conditions prevailed gen-
erally.
An easterly source is suggested by the distribution of facies and
thicknesses of Purcell rocks in the northern Rocky Mountains (Bell,
1968). There also, however, fine-grained clastic rocks, represented by the
Aida and Gataga Formations, the uppermost units of the Purcell-rocks,
have sedimentary structures suggesting a northwesterly direction of
transport along the axis of a linear trough or troughs parallel with the
margin of the cration. .

The distribution of Purcell rocks in Mackenzie Mountains poses a
problem concerning the craton margin. Insufficient data are available to
allow detailed comparison of the sequences in western and eastern Mac-
kenzie Mountains. One significant difference is the presence of a thick
assemblage of argillite with numerous sills in the lower part of the west-
tern Mackenzie sequence. These rocks appear to be much like those of
the Aldridge Formation in Purcell Mountains, interpreted as having
been deposited mainly in deep water. If so, they could represent a distal
facies of Purcell rocks correlative with carbonates that are the oldest

exposed strata in northeastern Mackenzie Mountains. In general, how-

WEST EAST
Purcell Mountains “Southern Rocky Mountains
Kooter ' Galt SW SE
oR?v:rmy Yahk Rgngo: Clark Range Clark Range
| | ! |
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yinnel

~ _ _ Kitchener
~

/
o ~Werner_Pedh- — T odir

10,000

)
o 25 75
— MILES —

— KILOMEYERS —
-Fig. 4. Restored section showing postulated configuration of miogeocline during
early Purcell time. Data mainly from Price, 1964.

4 2 considerable horizontal distance. Thus
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::::‘e,r Itlh;:/I agcrl?:; Zggai\l;la;:tenspcs of Purc.ell_ strata in western and north-
Ty to, the oxenzie M utlﬁtams appear similar. This indicates a shelf area
of the crporth of (c;r ern Mackenzie Mountains and that the margin
Kenae aovon ed east-west as shown. by the present trend of Mac.

ains. The writer prefers this interpretation and therefore

(ll?izlcaend 1941; Reesor,. 1957). It 1:s evident, however, that very thick se-
€nces, greatly exceeding the relief of a region, must be measured ovseer

2 ] there is no assurance

" If;;:l;i(itisct;?t; were ever disposed, with the reported thicknesstc:]satirsh;E

terence oruical s ral;graphlc column. Indeed, if the model of a conti;lental

st higec O;)r urcell strata has validity, then it seems unlikely that

o Th_p i umns in any area would greatly exceed 45,000 feet (14,000
. 15 thickness is about a maximum for modern analogues sucl,l as

Ewi
ar:gni;la;:i(ril Su;g’)]r(l)’- 1959) and the Gulf Coast geosyncline (Ewing, Edgar
to be contrz,lled I;YI_tIialesil H;:lsey, and Nation, 1970) and is pl;esurﬁed,
. €pth of water and 2 .
downfaultmg of the ocean floor in compenrslzlc::?orzlt ;)ofr CiOanarpmg o

;)v;;l:ui::bls)llder}ce, a_md’ structures indicative of shallow wa
i f::)r {, in dlsta! parts of the sedimentary prism deeper water pre
onger periods. Such a mechanism accounts for proximal ssdi

tilting of the sedimentary prism.

eco ;:s:ci -flolritent.—The Al-drid_ge Formation, the oldest formation
cogn in Purcell Mountams, 1s the host rock for one of the world’

gr ase-metal deposits — the Sullivan Mine at Kimbverley B.C Elses

where i
» however, copper is the most common metal (see Harrison and

Pet i
erman, 1971). Stratiform copper deposits in Mackenzie Mountains

occur in i i
the upper part of a pink-weathering siltstone (Redstone River
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Formation). In northern Rocky Mountains copper deposits -are spatially
related to diabase dikes in Purcell strata, and it is possible that intrusion
of the dikes facilitated concentration of copper already present in the

sediments.

EAST KOOTENAY AND RACKLAN OROGENIES

Purcell sedimentation was separated from Windermere sedimenta-
tion by a period of uplift, folding, faulting, and regional metamorphism.
These events are attribited to the East Kootenay Orogeny in the south-
ern Cordillera (White, 1959; Leech and Wanless, 1962) and the Racklan
Orogeny in the northern Cordillera (Gabrielse, 1967). '

Deformation in the south appears to have been mild, and uplift is

recorded mainly in a regional unconformity beneath the Windermere
System. The role of plutonic activity and regional metamorphism at this
time is not clear. K-Ar ages on biotite and muscovite from regionally
metamorphosed Aldridge rocks are as old as 985 m.y. but show consider-
able scatter (Leech, in Wanless and others, 1967). Muscovites from two
granodiorite stocks intrusive into the Aldridge Formation- have. given
K~Ar ages of 705 and 745 m.y. (Lowdon, 1961) and 769 m.y. (Hunt,
1962). These ages may reflect times of metamorphism or regional uplift
because a Rb-Sr isochron on one of the stocks approximates 1260 m.y.
(Ryan and Blenkinsop, 1971). Studies by Obradovich and Peterman on
the Belt Supergroup (1968) indicate that the youngest Belt (Purcell)
sediments may be as young as 850 m.y. Also, if the dating of the Purcell
Lava, at about 1100 m.y., by Hunt (1962) is meaningful, it is clear that
granitic intrusion noted above considerably predated the close of Purcell
sedimentation. Leech (1962) stated that one of the granodiorite stocks
(Hellroaring Creek Stock) was intruded into an anticline, thus suggest-
ing some deformation of the host rocks at about, or earlier than, 1260
m.y. In summary, events that can be specifically related to the East
Kootenay Orogeny are limited and not clearly differentiated from earlier
events that affected Purcell rocks. In terms of significance in Precambrian
history, however, the East Kootenay Orogeny is regarded as an episode
of regional uplift accompanied by regional metamorphism and perhaps
minor folding (Ryan and Blenkinsop, 1971) that terminated the long
period of Purcell sedimentation in the southern Cordillera at about 800
m.y. ago. _ ‘

In the northern Cordillera uplift, folding, and faulting attributed
to the Racklan Orogeny resulted in a spectacular, unconformity at the
base of presumed Windermere rocks (Rapitan Group) and younger
strata (Gabrielse, 1967). Deformation produced tight, north-northeasterly
trending folds in northern Selwyn Mountains and block faulting accom-
panied by tilting farther east in Mackenzie Mountains. Tight east-west
folds northwest of Wernecke Mountains and north of Ogilvie Mountains
and low-grade regional metamorphism in Wernecke, Ogilvie, and Rich-
ardson Mountains took place before Cambrian time and are probably
also related to the Racklan Orogeny. Folding in northern Rocky Moun-

4 (fig. 1). They comprise a tremendous vol
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tains i i i

sains [f))l:zciifddggmbrl?nd sfedlmentatlon (Taylor and Stott 1971), but
_ Ing of deformation awaits f ! ’

o : aits future work., N

thannct)lrltolzzrnfCﬁrdlller:'i area have Purcell and Windermere strata, oth
of the Rapitan Group, been observed in contact. A v,/ell-dil:

veloped system of northerl
. Y, northwesterly,
emphasized by basic dikes, was impressedyo :n};iu 1fz(e)i*theasterly fractures,

owhere in

w.
absent h:;g ?ulrcell .rocks are exposed Windermere strata ar
with I,nan lilnecozoflc ro'clfs are generally present in condensed sequences
y onformities. Thus, following the Racklan and East

Kootenay orogeni
genies the Purcell System b i
eha
or pseudo-basement over large area);. ved cventially as basemment

€ commonly

WINDERMERE SYSTEM-

St!ata Of the &blnderll’lere SySteHl, ullllke tllose Of tlle IUICCH S S-
te"l; are aIInOSt COIltlIluously exposed th.e full lellgth. Of t]]e Cordlllela

ume of impure clastic sediments,
antly of phyllite, slate, siltstone,
lrocks, however, are gritty, feld-
1 quartz grains and feld i
extremely coarse, poorly sorted cosnfgig:::
Toby Conglomerate in the southern Cor-
base of the Windermere System. A great

the lower part of which consists domin
and sandstone (fig. 5). The distinctive
spathic sandstone with opalescent bluis
pebble conglomerate. Locally
erate (diamictite) such as the,
dillera occurs at or near the

T .
. ;ti)l};lrc?lr;gltomerate mn southern Selkirk Mountains (Little, 1960), and
s are -present near the British Columbia-Yu’kon b,ordr:er

those farth i
€r west, and sedimentary structures are better developed. Al-

g
tllou h. beddlrlg 18 COIISpI us 1 wester Cle n]all ca dlﬂlell y
cuo n fa 1 S, § S le se tar

The upper
lower (see fi

. » argillaceous limestone and i

o calcareous phyl

thicsk[;igrs(;?sv ::aroon.and green weathering slate and phyllige yAl;Eli)znl(li

rong e ' y con51d.erably, the stratigraphic succession of Winderm d

e I;aragrap hes e};:e};tlon 1(:f the Rapitan Group discussed in the foll:vrve
» 1 rem imi -

ce parag arkably similar throughout the length of the

,
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itan Group in Mackenzie Mountains is an unique- assem-
blag('ar cl:fe seltl?xglentary rocll)cs tentatively correlated with W1nder11}ere' strtata:
although nowhere have the two assemblages been observed in con ?&1
(Gabrielse, 1967). The group includes three distinct formatloni cvl\ub
an aggregate thickness of as much as 6000 feet (1800 m), sepalra ee rati’!;
unconformities (Upitis, ms). A lower formation comprises cong Em_ ptic
mudstone, siltstone, slate, impure sandstone, _and bedded chgx;)t-f ema1150
iron formation. In places the iron formation 1s as rpuch as b l;eett( ;
m) thick. It lies with marked angular unconformlt}{ on Purcell s c;'a: lia..
The middle unit consists dominantlly(' o-f conf:gotmeratlc mudstone and the
i , siltstone, and arkosic sandstone. )
uppe';‘:ﬁltcziﬁlzgng kinds of sedimentation appear to .be ]uxtapo:c\ed
in the jasper-hematite iron formation. The.well-band.ed iron formation
probably represents a chemical precipitate in an environment recelvmgt
little influx of clastic material. Well-defined slump structures are p;eiir:l-
locally. Into this environment were deposited coarse, poorly s;)rte Son
glomerate, in places deposited in deep channels in the 1ronul(c;rma I:avé
along with fine-grained mud and siltstone. Some exotic bo Ers e
the characteristics of “dropstones” in that the beds benegt}lll t efrlnm:a:rre
bent sharply downward whereas the overlying beds pass :;rlt out (raha ;
directly above the clasts. Reddish brown to maroon mu stol?se, pg th?n
the most abundant lithology, displays small-scale ripple-marks an

i - 600 m.y.
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laminations. Where thin conglomeratic or‘sandy lithologies are present
graded bedding is common. '
Thick bedding is present in the middle formation of coarse con-

glomerate and diamictite, but few other structures are evident. Some of
the clasts are striated.

The upper part of the Rapitan Group displays well-developed thin

bedding with an abundance of crossbedding and ripple-marks, load casts,
and slump structures.

»

COMMENTS ON WINDERMERE SEDIMENTATION
General—Conditions of sedimentation similar to those of the

- Windermere System seem to have existed in many late Precambrian de-

positional basins around the world. Well-known examples of assemblages
that include thick clastic sequences, locally characterized by diamictite,
are outlined in papers by Harland (1964) and Schwarzbach (1963). Thus,
the problems of Windermere sedimentation are not only important in
terms of evolution of the Cordilleran geosyncline but are part of a much
larger picture involving worldwide glaciation, high continental relief, or
both.

Age—The age of basal Windermere strata was discussed above. In
westernmost exposures the top of the system appears to be generally con-
formable with overlying Lower Cambrian rocks, whereas to the east a
regional unconformity marks the base of Cambrian strata. Therefore, on
a regional basis, no great hiatus need be postulated for the interval be-
tween Windermere and Cambrian Sedimentation. Probably the Winder-
mere System was deposited during the interval of approximately 800 to

Sedimentary environment—The Windermere System was deposited
mainly west and southwest of the exposed Purcell sediments. Thicknesses,
lithologies, and facies changes indicate an easterly derivation. The east-
ern facies are commonly coarser, and their lithologies commonly suggest
a crystalline shield source. Granitic and/or metamorphic terrains must
have provided the abundant feldspar, including potash feldspar and
plagioclase, and the distinctive bluish opalescent quartz, most common
in granulites (Duffel, personal commun., 197 1). Sedimentary clasts were
probably derived from Purcell rocks, and where very thick sections of
conglomerate are present, as in central Rocky Mountains (Slind and
Perkins, 1966), the lack of Purcell strata may be explained by erosion
during Windermere time. The source of Windermere strata in the north-
ernmost Cordillera remains a problem, but it may have been a west-
ward extension of the craton parallel with northern Mackenzie Moun-
tains rather than a more westerly or southwesterly sialic terrain as sug-
gested previously (Gabrielse, 1967).

The bulk of the Windermere assemblage is considered to represent
a continental-terrace wedge deposited west and southwest (outboard) of
the Purcell sedimentary prism. Regardless of the exact position of the
craton margin during Purcell sedimentation, it is clear that Purcell
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sediments served essentially as pseudocraton during Wmdf:r.mere time.
Thus the approximate margin of the Wmder.mere dep951t10nal blilsm
closely follows the trend of Rocky and Mackenne Mountains. Near-s fore
facies are represented by strata displaying numerous shagllow-wa(tjerd ea-
tures including desiccation cracks, ripple-marks, cross-laminae, and esul:-
cation breccias (Charlesworth and others, 1967). These rocks are Eenerat-
ly coarser grained than those farther £'rom the craton. Much of 21 dq west-
erly facies may be of turbidite origin. Except for graded be dmg., a
general lack of sedimentary structures in the 1nterpedde_d slate an g'rnttyl
sandstone is common with proximal turbidite facies (Eisbacher, persona
. 1971). : .
Comr;::vl stll?gigs have been made of directions of transport c.leterr.mned
from sedimentary structures (see fig:'1). A-ver.age current directions 1n tl:ie
Jasper area of central Rocky Mountains indicate a.southwest.erly cugggt
movement (Charlesworth and others, 1967; Mountjoy and Altken, 1963).
Bell (1968) noted a northwesterly direction of transport by paleocuﬁents.
parallel with the margin of the craton, in northwestern Rocky Moan-
ins.
“ The poorly sorted conglomerate or diamictite such as the Toby Con-
glomerate has been attributed to subaqueous ml'ld.ﬂows Posmbly ;;ssg:
ciated with widespread late Proterozoic glaciation (Ziegler, 1959;
Gabrielse, 1967; Aalto, 1971). Aalto sugggsted that the deposits '{‘n}?‘y
represent postglacial mass flow of slumped tills and deltaic deposits. 12
hypothesis is ‘attractive in that it could proylde an abundgr{t so;ni)ce o
poorly sorted clastic material near the margin of the. depo§1t10na a asin.
On the other hand perhaps a coastline of cor.mdfera!ble relief could pro-
vide the same phenomena (Walker, 1926). Diamictite must be comll;qo;l
along the present west coast of British Columbia where streams ofbbigl
gradient are building local fans of coarse, well-rounded pebbles, co1 es,
and boulders along margins of deep basins. ?r.esuma'bly these fans s l;lmp
into the'sbasins from time to time thus mixing w1.th the. normal fine-
grained sediments to form diamictite. This mechanism mlght or might
independent of glaciation. o .
"ol b\i’;ndell‘)mere seas t%ansgressed easterly, -and, as time progressed, relief
probably became lower in the source areas. Eventually, as the sedimentary
prism built up to wave base, shallow-water carbonate formed in sites
formerly characterized by turbidite deposition. . . 1
Rapitan Group.—Correlation of the Rapitan Group with at least
part of the Windermere System is based mainly on t.helr similar s(;x(’ia
tigraphic position relative to Purcell and_ Lower Cambrian rqck. In addi-
tion the two sequences have several unique characteristics in c.(:irpmon,
including the presence of thick diamictite and probable turbidite as-
semblages. ‘ o o
Problems concerning the origin of Rapitan diamictite are similar to
those for the Toby Conglomerate. Ziegler (1959) proposed a gla.lglal
marine origin for these strata, but again it can be propo§ed that consider-
able relief was an important factor. The origin of the iron formation is
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obviously of great significance in view of models proposed for crustal
evolution (Cloud and Gibor, 1970). The writer favors an hypothesis pro-
posed by Gross (1965) that ascribes the derivation of hematite and silica
to volcanic exhalations. Supporting evidence for volcanic activity is pro-
vided by large amounts of fresh ash and tuff associated with the iron
formation. Greenstone clasts are particularly, prominent in the middle
part of the Rapitan Group. Also, in one locality in southern Mackenzie
Mountains, fractures in underlying Purcell rocks are locally coated with
specular hematite.

Clastic material that occurs with iron formation appears to have
‘been emplaced as conglomeratic mud flows and turbid flows that dis-
rupted the quiescent conditions of chemical precipitation on the sea
floor. It may be postulated that such conditions existed in basins at least
partly bounded by faults. The faults may have provided channel ways
for volcanic exhalations, the relief necessary to form deep basins, and
proximal highlands that were a source of coarse clastic material.

‘The environment proposed above is perhaps not too different from
that in which the diabase dikes were emplaced in northern Rocky
Mountains in post-Purcell time. There no Windermere strata have been
positively recognized, although the writer has observed thick diamictite
locally that could be of Windermere age.

Stewart (1971) has suggested that Windermere diamictite and over-
lying rocks were the initial deposits of a Cordilleran geosyncline that
originated with continental separation less than 750 m.y. ago. He cited
as evidence the thick sedimentary sequences interpreted, as in this paper,
as continental-terrace wedge deposits, and the occurrence of thick units
of volcanic rock near the base of the sedimentary sequence, interpreted
as evidence for thinning and rifting of the crust during continental
separation. The environment of deposition proposed herein for the
Rapitan Group would fit nicely with Stewart’s hypothesis. '

‘The composition of Windermere volcanics (tholeiitic basalt mainly)
is, however, not that expected in relation to initial rifting of continental
crust (see Gilluly, 1971). If the Rhine graben or East African rift valleys

-are valid-examples of initial stages of crustal separation, then one would

expect much more alkalic lavas. In addition the Windermere volcanics
are not unique. Similar, and in places much more abundant, volcanics
occur in miogeoclinal Lower Cambrian and Middle Ordovician strata in
Mackenzie Mountains. Thus the presence of volcanics is thought to
indicate a continuing or recurring extensional environment within the
sedimentary prism perhaps related to continued basinward tilting
throughout late Proterozoic and early Paleozoic time.

No evidence has been obtained in the Canadian Cordillera in sup-
port of a concept that the Purcell sedimentary basin closed to the west.
Structural trends of Purcell rocks, except for one region in northern
Selwyn Mountains, are roughly parallel with those of Windermere strata.
These criteria, along with facies and thickness distributions of Purcell
strata and their sharp contrast in structural style and degree of meta-

I

—1 TY YT =~

=

— -t




534 .  Hubert Gabrielse

morphism to crystalline basement to the east indicate that the earliest
record of the Cordilleran geosyncline is contained in Purcell and not
Windermere sedimentation. Deformation, uplift, and erosion of the older
assemblage during the. Racklan and East Kootenay Orogenies have re-
sulted in its discontinuous outcrop distribution.

CONCLUSIONS

The Precambrian Purcell and Windermere assemblages of the
Canadian Cordillera are believed to have been deposited along the
western margin of the North American craton during an interval per-
haps extending from about 1600 to 600 m.y. ago. The Racklan Orogeny
in the north and the East Kootenay Orogeny. in the south terminated
Purcell sedimentation, but the dating of these episodes and, indeed,
their correlation is uncertain. Available evidence, however, suggests that
the Windermere rocks were deposited within a considerably shorter in-
terval than those of the Purcell and possibly represent only the last 200
m.y. or so of Precambrian history. S

Many of the characteristics of Precambrian sedimentation in the
Cordillera are related to processes postulated for the building of a con-
tinental terrace wedge including turbidite deposition and downbuckling
of the ocean floor under the sedimentary load with concomitant exten-
sional faulting and basinward tilting of the wedge.
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A WORKING MODEL OF THE PRIMITIVE EARTH*

PRESTON CLOUD
Department of Geological Sciences, University of California,
Santa Barbara, California 93106

ABSTRACT. Knowledge of the sedimentary and biological record of pre-Paleozoic
time, scanty though it still is, suggests a working model of early Earth history con-
sisting of four successive modes (or Eons) punctuated by “events” in which surface
conditions on the Earth changed relatively rapidly. The four modes are:

1. An interval (Hadean) for which no certain record has been discovered on Earth,
though it has on the moon — ended 3.6 to 3.5 aeons ago by a world-wide thermal
event, possibly cosmic as the moon may also have been affected.

2. An interval (Archean) characterized by rocks mainly or entirely of the green-
stone—graywacke-granodiorite suite, relatively low in potassium and little differentiated,
by the earliest suggestions of life, and by thin crust and no large continental cratons
—ended about 2.6 aeons ago by the beginning of extensive cratonization.

3. An interval (Proterophytic) characterized by the formation of large continental
cratons and upon them a gamut of differentiated sedimentary and igneous rock types,
and by the oxidation of vast amounts of iron by photo-autotrophic procaryotic micro-
organisms, although the atmosphere remained reducing. This terminated around 1.9
aeons ago with the development of advanced oxygen-mediating enzymes that permitted
the evasion of oxygen to the atmosphere and probably led quickly to the develop-
ment of eucaryotes, mitosis, and sex.

4. An interval (Proterozoic in a restricted sense) characterized by an increasingly
oxidizing atmosphere and oxidized sediments, especially red beds, and by an abundance
of unicellular eucaryotes, but without differentiated multicellular animal life (Metazoa)
—ended about 0.68 aeons ago by the appearance of an ozone layer in the atmosphere,
by the onset of Metazoa, and perhaps by a climax of continental glaciation.

INTRODUCTION

Recent advances in geochronology, geochemistry, biogeology, .micro-
biology, electron microscopy, and sedimentology converge with the in-
creasingly genetic focus of pre-Paleozoic geology to illuminate the evolu-
tion of the primitive Earth with growing clarity. Scanty though it still is,
we now have a presumptive record of life going back to the oldest sedi-
mentary rocks, and one that we can unequivocally relate to known living
organisms for .at least the last 2 aeons (years X 10°). Broad trends in
crustal evolution are now also clear, and some of these can be related
to biospheric and atmospheric evolution. The larger need is for a con-
sistent working model that will -integrate present knowledge and well-
reasoned inference about the interdependent variables so as to focus on
the central problems and predict future directions of advance. Such a
model, under study for some years now, is here outlined—not with any
thought of finality, but as a framework for discussion and a focus for

" observation.

RATIONALE

Because time is continuous and without natural subdivisions, it be-
comes necessary in all historical science to identify events or broad

* In preparing this paper, 1 have drawn heavily on the data and ideas of others,
especially the participants of the Third Penrose Conference at Laramie, Wyoming
geptember 1970, Cloud 1971) and those who preceded me on the program of the

eological Society of America at which this paper was presented (November 2, 1971).
The research on which this paper is based was supported by NSF Grant Nos. GB-7851
and GB-23809 and. by NASA Grant No. NGR-05-010-085. This is Contribution #27,
Biogeology Clean Lab, University of California, Santa Barbara, California 93106
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