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Initial Deposits in the Cordilleran Geosyncline:
Evidence of a Late Precambrian (<850 m.y.)

Continental Separation

ABSTRACT
Upper Precambrian and Lower Cambrian

- strata in western North America are exposed in”

a narrow slightly sinuous belt extending from
Alaska and northern Canada to northern Mexi-
¢o, a distance of 2,500 mi. Within this belt, the
strata thicken from 0 ft on the east to 15,000 to
25,000 ft in areas 100 to 300 mi to the west.
The basal unit of this sequence is a diamictite
(conglomeratic mudstone) which is widely
distributed but discontinuous and is generally
considered to be of glacial origin. Overlying
sedimentary rocks consist predomipantly of
siltstone, shale, argillite, quartzite, and con-
glomerate. Tholeiitic basalt forms thick and
widespread units near the base of the sequence
but is sparse higher in the section.

The distribution pattern and lithologic
characteristics of the upper Precambrian and
Lower Cambrian sequence fit the recently.

eveloped concept that thick sedimentary -
sequences accumulate along stable continental
margins subsequent to a time of continental
separation. The depositional pattern of the

“sequence is unlike that of underlying rocks, a

relation consistent with the idea of a_con-
i ation_cutting .across t in of
revious structures. The pattern is, on the
m to that of overlying lower
and middle Paleozoic rocks, suggesting that the
diamictite and post-diamictite rocks were the
initial deposits in the Cordilleran geosyncline.
ck units of volcanic fock By € botrom
of the sedimentary sequence indicate volcanic
activity related to the thinning and rifting of
the crust during the continental separation.

INTRODUCTION

The oldest rocks exposed in western North
America are metamorphic and plutonic rocks

Geological Society of America Bulletin, v. 83, p, 1345-1360, 6 figs. May 1972 ’ e

involved in the Kenoran _(2,400 to 2,600 m.y.)
and Hudsonian (1,640 1o 1,860 m.y.) orogenies,

overprinted in places by ‘the Elsonian event

(1,280 to 1,460 m.y.) (King, 1969b, Fig. 10,
Table 3, p. 33-42). Overlying these meta-
morphic rocks are supracrustal rocks that con-
sist of relatively unmectamorphosed _ sedi-
mentary and volcanic rocks belonging to two
“major sequences, a lower sequence consisting of
the Belt Supergroup and equivalent rocks (850

to 1,250 m.y.), and an upper sequence, con-
sisting of the Windermere Group and equiv-
alent rocks (<850 m.y.). These two great.. -

groups of supracrustal rocks commonly have
been considered to be closely related in origin
and have been grouped together as a major
tectonic unit (Bayley and Muehlberger, 1968).

The purpose of this article is to suggest thata = ..

change occurred in the tectonic framework of

“western North America after the deposition of
‘the Belt Supergroup, and that this change
marked the beginning of the Cordilleran
geosyncline. In terms of plate tectonics theory,

" “this change marks the time of a continental

separation.

The plan of this paper is to describe the
stratigraphy of the upper Precambrian (Win-
dermere Group and equivalent rocks) .along
with the overlying lithologically similar Lower
Cambrian strata and to compare this sequence
of rocks with underlying and overlying rocks.
The Precambrian Windermere and the 'Lower
Cambrian rocks are copsidered together be-
cause they are closely related and cannot be
consistently separated in western North

_America.

UPPER PRECAMBRIAN AND LOWER
CAMBRIAN DETRITAL ROCKS =

* Upper Precimibrian-and Lower Cambrian
rocks (Fig. 1) consisting of the Precambrian

" ESS 259/ 1Ingersoll
STEWART, 1972, Initial Deposits
in the Cordilleran Geosyncline...
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Figure 1. Predn.m_bria;n; and _Loﬁ Cambrian réc,lgs m selected areas in western North America.

- Windermere Group andtquwalentrocks,and{-‘igurc 1 have beerr—gpdicated by Gabrielse

~“and Lower Cambrian sequence. - -

.+ {Crittenden and -others, 1971, modificd from Flint and

of overlying Lower Cambrian rocks, are com= ~ (1967) in Canada and by Crittenden and others
_posed predominantly of siltstone, argillite,
shale, and of fine- to medium-grained, locally - correlations througbauit-western North Amer-
conglomeratic quartzite {Fig—-1)—Siltstonc,- ica-have been described by Crittenden and
argillite, and shale are generally predominant in - - others (1972). The similar stratigraphy and

(1971) in parts of the United States. These

the lower half of the sequence-and-quartzite in ._probable equivalence of the diamictite and .

the upper half. Limestone and dolomite form
conspicuous units in some areas. The basal unit
of these rocks is a widely distributed, but dis-
continuous, diamictite! (also called conglom-

in northern Washington, and near Pocatello,
-Idaho, have been suggested by Crittenden and
others (1971) and in part by Yates (1968). The
eratic mudstone, conglomeratic subgraywacke,  correlation of the diarsictite from California to
tillite, or tilloid). Volcanic rocks form thick  British Columbia was also shown in an illustra-
units within_or directly above the diamictite . tion by Stewart (I9Fig. 36), in which the
but are sparse higher in the upper Precambrian '

d Lov N -an -isopach map ofipper Precambrian and
__The " general ._correlations - of. upper Pre= Lower Cambrian strstiin the western United

cambrian and Lower Cambrian rocks shown in - States and parts of=British Columbia. The
possible equivalenceglethe diamictite has also

1 Diamictite: A ponsorted sedimentary rock consisting . been di d by Clamd (1971)
een aiscussed by (e . A

of sand and/or larger particles_in a muddy matrix 1 by (Ao - .
_ - The key unit in most of these correlations is
‘the diamictite, whicksis commonly considered

others, 1960). -

-associated volcanic rocks in British Columbia, °

" top of the diamictit€%as used as a datum for .
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1o have a glacial origin (Hazzard, 1937; John-
son, 1957; Blackwelder, 1910; Hintze, 1913;
Ludlum, 1942; Aalto, 1971; Litle, 1960;
Zicgler, 1959). The unit is lithologically unique
in the Precambrian and Paleozoic sequence in
western North America. It consists of rounded
or subangular pebbles to boulders (some 5t38
fr across) of diverse rock types in a sandy or
argillaceous matrix. In places, some of the

. diamictite or associated layers are graded
- (Condie,

1966, 1969; Troxel, 1967) and can be
copsidered to be turbidites; elsewhere, isolated
coarse fragments occur within thick, massive,

i argillaceous layers. Striated clasts of possible_
glacial origin have been noted in Utah (Crit- -

tenden and others, 1971). Troxel (1967),
Crittenden and others (1971), and Aalto (1971)

‘suggest that the diamictite unit may havehada

complex origin; some parts may have been
deposited directly from glaciers along the
margins of a marine basin, other parts may have
been dropped from ice rafts, and still other
‘parts may be glacial material redeposited by
turbidity currents.

The diamictite units are scattered through-
out western North America (Fig. 2 and Table
1). They may be virtually synchronous units
if they represent a time of widespread glacia-
tion. Even if they are not glacial in origin, they

‘may be correlative and_perhaps even syn- -

‘chronous, judging from thei uniqueness in the
stratigraphic sequence. s
- Xhe upper

divided into many local or semiregional map
units. Some units can be traced for several
hundred miles, but none is widespread enough
_to be useful in establishing correlations through-
out the entire 2,500-mi length of the upper

Precambrian and Lower Cambrian belt. Un-

conformities occur at various horizons within
the upper Precambrian and Lower Cambrian
sequence (North, 1966, Fig. 3-7; Crittenden
and others, 1971, Fig. 8), but none can be
traced for any great distance. The Lower
Cambrian part of the sequence cannot be
separated systematically from the Precambrian
‘part “throughout western North America be-
‘cause the two partsare lithologically similar and
fossils are sparse. ‘
~ Upper Precambrian and Lower Cambrian
strata (Windermere
are widely distributed in western North

"America. They occur in a narrow slightly
sinuous belt (Fig. 2) extending from Alaskaand,

. - facies changes (R
Precambrian and Lower Cam- -
"brian rocks above the basal diamictite-are -

Group and higher rocks) -
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northern Canada to northern Mexico, a
distance of 2,500 mi. Within this belt, the
strata thicken from 0 ft in eastern areas to
15,000 to 25,000 ft in areas 100 to 300 mi to the
west. The western thickening of these rocks
seems well established in California and south-
ern Nevada (Stewart; 1970), western Utah

(Crittenden and others, 1971), and southern

British Columbia (Okulitch, 1956, Fig. 4).
Farther north in British Columbia and in the
Yukon Territory, thickness trends are less well
known and changes in the generalized isopachs
given in Figure 2 will doubtless be made as
more information becomes | available. The

jsopach map is not shown on a palinspastic base
not represent the exact original
thickness distribution: Thrust faulting (Crit-

and thus does

tenden and others, 1971), strike-slip faulting
and associated drag features (Albers, 1967; -
Stewart, 1967; Stewart and others, 1968), and
large tectonic discontinuities (Yates, 1968)
have affected various parts of the outcrop belt. .
In spite of these complications, the gross thick-

ness trends shown on-the-isopach map scem-- .

well established.
The upper Precambrian and Lower Cam-
brian strata are considered to be predominantly

“marine deposits (Okulitch, 1956, p. 704-706; . -
Stewart, 1970; Crittenden and others, 1971).7 -

The primary source area lay to the east as
indicated by studies of current directions and
essor, 1957, p. 160-162;
Mountjoy and Aitken, 1963; Secland, 1968;
Stewart, 1967 and 1970), although a western
source has been suggested in parts of Canada

(Gabrielse, 1967, p. 275). The strata”werc '

deposited predominantly in shallow water

_ (Stewart, 1970). Tidal -currents probably

spread .the sands that form the widespread
quartzite units in the upper part of the
sequence (Merifield and Lamar, 1968; Seeland, -
1968; Stewart, 1970). Individual ‘units of
quartzite, carbonate rock, ‘or siltstone com-
monly extend for several bundred miles along
sedimentary strike, indicating a uniform
tectonic and sedimentary environment (Stew-
art, 1970, p. 64), probably on a continental
shelf (Fig. 3). = = = - o

UPPER PRECAMBRIAN AND
LOWER CAMBRIAN VOLCANIC -
ROCKS

Basaltic volcanic
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TABLE 1.

OCCURRENCES OF DIAMICTITE IN UPPER PRECAMBRIAN STRATA IN WESTERN NORTH AMERICA
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Location Stratigraphic unit

References

Eastern Alaska
Brabb and Churkin, 1969)

Yukon Territory,
Canada

Part of Rapitan Formation

Northwest Territory, Part of Rapitan Formetion

Canada .
British Columbia, Joby Formation and related rocks

Canada - .
MWeshington Shedroof Conglomerate and Huckleberry Formation
tahe T 7 scout Mountain Member of Ehe PoceteT16 Formmtion
Utah___ sineral Fork ti111te; Dutch Peak tillite; dia-

- - mictites, in Huntsville, reat Salt Lake, and
PR —e ez oz Deep Creek Range areas - _ . e
Kingston Peak Formation

California

Tindir Group (in “basalt and red beds unit” of

Catrnes, 1914, p. 91-93; Hertie, 1933, p. 369-
392; E. £. Brabb, 1970, oral commn.

Ziegler, 1959, 1967, p. 48-51; Gabrielse, 1967,
p. 274; Green and Goodwin, 1963, p. 15-16;
Green and Roddick, 1962, p. 5.

Ziegler, 1967, p. 58-59; Gabrielse and others,
1965

- Walker, 1926, p. 12; Evans, 1933, p. 117 A 113
Rice, 1641, p. 14-15; Little, 1960, p. =165
Okulitch, 1956; S14nd and Perkins, 1966,

< p. #49; Aalto, 1971, . ;

Park and Cannon, 1943, ps 7-9; Bennett, 1941,

. p. 8; becraft and Weis, 1963, p. 11-18 and
Plate 2. VR "l"“*--f

Crdttenden and others, 1971, . 6835 ludlum, —

it 1942, p. 89-93. .

Crittenden and others, 1971, Figure 8; Cohenour,
1959, p. 19-25; -Crittenden and others, 19523 ———r——

L Bick, 1966, p. 17-18; Misch and Hazzerd, 1962, - rei——

TP, 3255 Eardley and Hatch, 1840, p. 800-807,

Hewett, 1956, p. 27-28; Wright and Troxel, 1967,
p. 938-843.

and are sparsely distributed higher in this
sequence. .

The thickest and probably most widespread
of the volcanic units is the Irene Volcanic

Formation in British Columbia and the cor- -

relative Leola Volcanics and Huckleberry

Formation in northernmost Washington. These ..
volcanic rocks crop out for about 90 mi in a

generally northeastesly direction and locally

' 2re 5,000. to 6,000 ft thick (Park and Capnon, .
1943; Little, 1960). They consist of altered and -
metamorphosed basalt (tholeiitic basalt ac-

cording to F. K. Miller as quoted in_Yates,
-1970); some-of which is amygdaloidal and somé

_ of which contains pillow structures (Park and

. .._Cannon, 1943). Minor amounts of agglomerate
and flow breccia, and a few layers of -phyllite
and limestone (Litte, 1960) are interstratified
with the basalt. The Irene Volcanic Formation

and correlative units directly overlie the dia-
mictite (Toby Formation, Shedroof Conglom-

erate, Huckleberry Formation). -

Mafic volcanic rocks interfinger with the
diamictite or occur directly above it in Alaska,
Yukon Territory, Northwest Territory, Idaho,

. VUtah, and California (T: able 2). In Idaho, the
“Bannock Volcanic Member of the Pocatello

Farmation forms a wedge of volcanic rock at:

135671000 fr thick that interfingers with the.

dﬁnﬁctitc (Crittenden and oth}’—’s, 1971). -

. ZVolcanic rocks that are not within or
“-gbove the diamictite unit are relativelyspa
.They occur in Lower Cambrian strata in British

' :Q(ﬂu‘mbia» {Evans, 1933; \th§l¢r7 1965) in the.

directly

Lower Cambrian Prospect Mountain Quartzite ..
and the Lower and Middle Cambrian Tintic
- Quartzite in Utah and Nevada (Abbott, 1951;
Morris and Lovering, 1961; Kellogg, 1963)."
“These volcanic rocks consist (for the most part) ~
of amygdaloidal mafic flows less than 100 fr
thick. e
The petrographic and chemical character- -
istics of the upper Precambrian and Lower ~
Cambrian-velcanic rocks are poorly known. -
“These _rocks havésmot been studied much,:and %
i many places their original textures and com-
_positions have been destroyed by alteration

- “and metamorphism. In general, the rocks ap-

pear to be highly altered, -porphyritic, sub- -

_ophitic mafic lava with altered -plagioclase
~. (mostly labradorite) phenocrysts (Daly, 1912;-

Sark and Cannon, 1943; Abbott; 1951; Morris

and Lovering, 1961).-Much of ‘the tock-is a_
“confused, felted mass of uralite, chlorite,
-epidote, . quartz, calcite, limonite, ® sericite,
saussurite, and often biotite, with which pyrite,
~“magnetite, and ilmenite (generally, altered to

leucoxene) regularly form accessories in vari-
~“3ble amounts” (Daly, 1912, p. 145). Augite has
~_been reported in some rocks (Abbott, 1951;.
“Lirdle, 1960) -and an actinolitic amphibole-in
thers (Little, 1960). Most of this mineralogy -
eflects alteration and metamorphism, rather
han the original character of the rock.
“A few chemical analyses of these Tocks are
resented in Table 3. The unusually high H,O
“and CO, contents are due to alteration ‘and
metamorphism (in sample 4, the total H.O
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TABLE 2. PARTIAL LIST OF OCCURRENCES OF
CAMBRIAN SEQUENCE AND HYPABYSSAL ROCKS OF P
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VOLCANIC ROCKS IN THE UPPER PRECAMBRIAN AND LOWER
0SSIBLE LATE PRECAMBRIAN AGE IN WESTERN NORTH AMERICA

Location Description

References

Alaska

Basalt, greenstone, and basaltic tuff in basalt and red beds
unit* of Brabb and Churkin (1969), Tindir Group {Precambrian)

Brabb and Churkin, 1969; Mertie,
1933, p. 369-392,

Yukon Territory, Amygdaloidal andesitic or basaltic flows and tuffaceous sediments -Gabrielse, 1967, Fig. 3 and p. 274;

Canada in Rapitan Formation* (Phethld)rian)

Northwest Terri- Mafic volcanic rocks in Rapitan Formation* s used by Ziegler

tory, Canada

(1967, p. 58-59) {Precambrian)

Green and Goodwin, 1963, p. 15~

16; Green and Roddick, 1962, p. 5.

Gabrielse and others, 1965, p. 6. -

Diabase and gabbro dikes and $111s on Victorfa Island and eastern Thorsteinsson and Tozer, 1962, p. 38-

part of the northern Interior Plains.
as 635 and 640 m.y, on Victoria Island

the eastern part of the northern Interior Plains

British Colum-

_Cambrian age . .

Dated by K-Ar methods

39, and Map 1135 A; Yorath and
and 705 and 770 m.y. in

others, 1959, p. 8. . .

Irens Volcanic Formation (Precambrian)* and -verious -~amygda toidal - - ﬁ'ly."!ﬂz‘;' P Ted=147 ; Virv;nn: N ‘1933.
. __bia, Canada ____and pillow greenstones of both-Jate Precambrian-and Early — - ~—p122A-11 and YI7A 11; Little,

Ll 1960, p. 16-18; Rice, 1941, p. 15-
’ 17; Wheeler, 1963, p. 3 and 6;

- - . Wheeler, 1965, p. 10; Gabrielse,

. T 1967, Fig. 3. . .

Washington -~  Leola Volcanics* and Huckleberry Forvation* {Precambrian) _ _ _  Park and Cannon, 1943,.p. 9-11; Ben-
R - - I U . nett, 1941, p. 8-9; Becraft and
- - Weis, 1963, p, 11-18 and P1. 2.
ldaho _Bannock Volcanic Member* of Pocatello Formation (Precambrian) Lrittenden and bthers. 1971, p. 583-
R - ) - . §84; Ludlum, 1942, p,-88, o
Utah Basalt member of Browns Hole Formation (Precambrian) Crittenden and others, 1971, p. §92.
Mofic flows in Great Salt Lake area (Precambrian) "Eardley and Hatch, 1940, p. B00-807;
N . - : - ~-Olson, 1956, p. -42-44, -
Amyodalofdal and pilTlow basalt flow in Tintic Quartzite - ‘Abbott, 1951; Morris and Lovering,
{Lower Cambrian) 1961, p. 15; D. M. Lemmon, 1966,
written commun. .
" Nevida - Basalt fiow, Tocally amygdaloidal, in Prospect Mountain Kellogg, 1963, p. 687-688; J. M. ___
Quartzite (Lower Cambrian) ~_ Stewart, this paper.
California Pillow baselt* in Kingston Peak Formation - - -A. L Albee, 1965, oral commun.

'Vc;.lcarjcréut either intercalated with the d.il;.iét.i‘bsz»or I‘g.mg diret:tlznﬁ p_of it.

Y

and CO; content is 12.8 percent). An average
of the 8 samples (Table 4, column 1), HyO and-

CO; free, indicates the general similarity™of

these upper Precambrian and Lower Cambrian
volcanic rocks to tholeiitic basalt. Particularly’
indicative is the low total alkali and the low

~=:Fes0,/FeO- ratio (Engel -and others, 1965).7=

The amount of K,O is greater than in most
oceanic tholeiites but is much less than is found
in alkali basalt. The chemistry is similar to the
basalt of the Upper Triassic Newark Group of
the eastern United States (Table 4, column 5).
An unusual occurrence of volcanic rock of
Early or Middle Cambrian age is in the Scott
Canyon Formation in north-central Nevada
(Roberts, 1964, p. A14-A17). This formation
consists of chert, argillite, and greenstone (al-
tered basaltic lava and pyroclastic rocks), with -
some limestone, quartzite, sandstone, and limy -
sandstone: It appears to be more than 5,000 ft
‘thick, but the structural setting is complex and
the thickness difficult to estimate precisely.
The abundance of chert in this formation-and
1ts similarity to other Jower Paleozoic siliceous
and volcanic assemblage rocks suggest that it

was deposited in a eugeosynclinal environment
to the west of the continental margin (Fig. 3).

RELATION OF UPPER PRECAMBRIAN
AND LOWER CAMBRIAN SEQUENCE
TO UNDERLYING ROCKS ~

“The upper “Precariibrian and-Eower-Cam-
brian sequence (Windermere Group and young-
er rocks) was deposited after a major late Pre-

cambrian orogenic event in some regions of -
western North America. In British Columbia, -

rocks of the Purcell Supergroup were uplifted
and mildly folded during the East Kootenay

orogeny (White, 1959) before deposition of -

.the Windermere Group. A similar orogeny, the
~Racklan (Gabrielse, 1967), occurred in the
“Yukon Territory before rocks equivalent to
" the Windermere were deposited. Here Purcell-
like rocks were uplifted, tightly folded, and
‘block faulted, forming ‘‘one of the most spec-
“tacular unconformities in the northern Cordil-
lera”. (Gabrielse, 1967, p- 274). An uncon-
- {ormity also separates rocks of the Belt Super-
_ group (equivalent to the Purcell Supergroup)
from overlying Windermere-equivalent roeks
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TABLE 3. CHEMICAL AKALYSES OF UPPER PRECAMBRIAN AND LOWER CAMBRIAN VOLCANIC' ROCKS IN WESTERN NORTH AMERICA

1 2t 3t at 5t [3i 7% 8%

lab. and M108934 W 163648 163649 163650 163652 165200 165201 165202

Field Nos. JS-69-7 624822813 604Ba 363 63ABa3625 63ABa3372 95 % 98

$10, 9.6 56.0 51.5 .0 50.1 42.6 438 4.8

R1,0, 13.8 s 13.6 15.4 15 12.7 2.0 13.2

Fe,0, 4.9 2.4 6.0 1.9 1.4 .95 1.6 1.0

Fed 8.8 3.9 6.8 8.2 . 3.0 13.5 2.2 1.5

) 50 83 57 B.S T 5.8 7.3 7. 6.3 :
" ca0 8.0 8.0 5.2 8.5 14.3 5.0 J18 6.6

M0 a7 g ©osa 2.2 B W 18 85 2.8 :

K0 .76 13 .00 77 .82 .59 .28 .85

HyOt 3.2 3.3 2.6 5.8 Tso Vs 4.3

Mo TR X F B TS R

T10, 2.3 N LS Y 35 __ 3.2 2.8 '

PO - 31 26 .24 R 72 .54 .

L | I I 109 20 - .2 oo

co, <.05 1.3 - - - a0 6.0 5.5 4.3

Total - .- - 100 9 100 100 9 100 100 100

*Vesicular basalt, Frospect Mountain Quartrite (Lower Cambrian), Delamar district, Lincoln County, Nevada. Rapid
rock analysis by Leanard Shapiro (project leadar), P. Elmore, H. Smith, L. Artis, G. Chloe, J. Kelsey, and J. Glean.
Nethods used are those described by Shapiro and (1962}, b} by atamic absorptien. -
tMafic volcanic rocks, "basalt and red beds unit” of Tindir Group (Precambrian) (Brabd and Churkisn, 1963), Charlie

River guadrangle, easternmost Alaska. Rapid rock analysis by Lecnard Shapiro (project deader), P. Elanre, S. Botts, N
and Lowell Artis. Samples apalpred by x-ray f£1 suppl by dascribed by Sbapiro and Brannock
(1962). Data supplied by B. E. Brabb. .

;n.nlt flows, Buckleberry Formation (Precambrian), Chewelah No, 1 guadrangle, Stavens County, Washington.. Rapid
Tock analysis by Lecnard Shapivo (project deader), P. El._-are, S. Botts, and L. Artis; “Sazmples were &nalyzed by x-ray i
£l suppl, by methods described by Shapiro and Brannock (1962). Dpata suppliad by F. x, Miller. . L

P C e

F : i (Pack noon, 1943; Smith - . TABLE 4. COMPARISON.OF UPPER PRECABRIAN 24D LOWER - — ; SRR
1n Wasthgtqn (Park and Cannon, 1943; S ™ CAMBRIAN BASALT AND MFIC VOLCANIC ROCKS WITH OCEANLC ‘
and Barnes, 1966, Fig. 9). In Utah, Nevada, - THOLEITTIC BASALT, HAWAIIAN BASALT, ALKALT BASALT, AND

.

and California, -the diamictite unit; which is ' TRIASSIC BASALT FROM MEW JERSEY (W0 AND CO, FREE) e ‘ : ‘
considered:'to be torrelative - with the ‘basal - ) I R " — o e |

R X’V—ihd;;@;re, rests on older rocks unconform- . S0, ST 4.4 4584 e16 51.86 : Map compa
ably in ‘some areas (Crittenden and others, A0y 150 17.25. . .09 1.3 .62 | Muehioed

1952) but conformably .in others - (Hewett, Fe:03 27 201 no6 - a4z 34 = ‘Eigure;

1956; Cohenour, 1959; Crittenden and others, ¢ 43 5.9 " 8.61 5.8 8.79 ¢ - gopracTey

1971, Figs. 7and 8). Asignificant unconformity - wp 7.3 18 ss  am 7.08 ; Do

may not have been detected below the:  cao 8.6 11.8 _ 10.47 8.79 8.80 :
diamictite in Utah,; Nevada, and California, but M0 2.5 23670 215 aps 2.9 o upper

locally deposition of the upper Precambrian %20 AL S K o7 S strata {

- and Lower Cambrian sequence possibly may % 2.0 18515 25 g 1.3 40,000 §

have started before, and been continuous upto, F% .40 (6 -93 -y ; _ and we;
deposition of the diamictite (Crittenden and ~_*® L . 0.12 ' west-no

OthCI'S, 1971, FlgS "7 and 8). v ! ) 1. Average (8,0 and (D, free) of 8 samples of upper .. L aﬂd_n_c?

. ... The rather simple depositional pattern of the eecamtrian o piovor Dembiian basalt and matic volcanic Bcl_ﬁ UI;
upper. -Precambrian “and Lower Cambrian 2. Averare of 30 samples of ooeanic tholedite dredged derived

. . = 2. - :frpm the Atlantic and Pacific Ooceans (Engel and others,’
sequence contrasts with an irregular PAttern in’ 1555, rasie 3. P
o rarke (R . : . "x>-3. Average of 161 samples of tholeiite and olivine
un»dcrlymg l'OCkS *(Fjg' “i*_')"’ ROCkS Ofthe ECIE tholeiite from the Bawaiian Islands (RacDopald and Xat-
Supergroup (850 ‘to 1250 'm.y., ‘Obiadovich™ seca: 1oes. seper 9,colv-6, p. 124).
e e . U L i db R PR !.ﬂlve.ugeuf.wsuzjﬂe.sot‘ukaumucfmsub-
@d_PthrmaD- 1968; ages recalculate )Y RYaN  “pering volcangs and dslands of the sastern Pacific Ocean

e eyt . e i ntina,” ' (Bngel and others, 1965, Fable 3). . - -
: aﬂd B]enkmsop,'- 1971’ ’ Flg' 2) 1n A{Onta,na’ .' ;. Aver:ge ::' 8 samples o; Triassic basalt from New -
Idaho, and Washington occur mostly east of the . - 77
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EVIDENCE OF A LATE PRECAMBRIAN CONTINENTAL SEPARATION
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- Map compiled from various sources including Bayley and
i Muehtberger (1968) and King (1969a) '~
E . . - Figure'4, Comparison of —t:i.ig-tfibution
B - -supracrustal rocks. - -
upper Precambrian- and Lower Cambrian
strata (Fig.-3). They are locally ‘more than
+-~40.000 ft thick (Harrison and Campbell, 1963)
and were deposited in a trough that trended
_ 3 ~avest-northwest during ‘part of lower Belt time
. . and northwest (Fig. 4) during part -of upper--
ic - ‘Belt time (Harrison, 1971). The sediments were ~
7ed derived from 4 cratonic source terrane to the -
' south or southwest ‘and from the Canadian
) - Shield to the northeast (Price, 1964; Harrison, -
1971 ). Néar-source boulder conglomerate- oc- -
i -~ ¢ursin.the Belt Supergroup along the sotithern -
. " margin of the east-trending ‘central Montana
z - “embatment (Fig. 3) (McMannis,1963). The

‘\‘J_J-\

-of upper Precambrian and Lower Cambrian strata with underlying --

-suggesting a marked difference in the tectonic -

“Precambrian and Lower-Cambrian strata. The -
--east-west trend of the ¢éntral Montana embay-....

~-centrasts with “the ‘general north-south -trend: ..~
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EXPLANATION

(S

p of Belt Superg
equivatent rocks

D and

e ————

T

Inferred limit of Belt Supergroup and
equivalent rocks prior to development
of Cordilteran geosyncline. Based in
part on Bayley a_nd‘ Muslhberger (1968)

. . .‘.'/
Inferred sousce ares indicating direction
of transport into basin of deposition.
See text for sources of information

-'IJ
Basin axis during Helena to Wallace time
of Beit Supergroup. based on dats from
Harrison and Campbell (1963, p. 1413
-and Fig. 3) and Smith snd Barses f
(1966, Fig. 7 and 8)

&4
Trend of central Montans embayment
(After McMannis, 1963, Fig. 2)

'\c
* Strand line in Uints Mountain Group
(Wallace and Crittenden, 1969, Fig. 4)

)
\:
Line connecting strikingly similar facies
- of strata, both intruded by disbase,
in Crystal Spring Formation (D) and
Apache Group (F) (Wrucke, 1966, snd
oral commun., 1971, Shride. 1967, p. 82)

,Ap'ache Group and
-Troy Quartzite - -

PR

._ 4‘ '[rend'bf Uppav Precambrian and Lower
" 'Cambriah focks. (From Fig. 2, this report)

- porthwest-trending trough of the Belt Super-
group (Fig. 4) intersects the depositional wedge

* of the upper Precambrian (Windermere Group) -
and Lower Cambrian sedimentary rocks at a
high angle near ‘the international boundary,

setting of the Belt Supergroup and the upper:*

~ment; ‘which is-prebably:controlled at least in
- part by east-west faulting along its margins;- .

of the upper Precambrian and Lower Cambrian .~
rocks (Fig: ). e = o
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In Utah, rocks underlying the upper Pre- pear to be unrelated to the general north-south —
cambrian and Lower Cambrian sequence con-  trend of the upper Precambrian and Lower
sist mainly of the Big Cottonwood Formation Cambrian rocks. This suggests that the tectonic
and the Uinta Mountain Group?. The Big setting of western North America changed be-
Cottonwood Formation is 16,000 {t thick (Crit- fore deposition of the upper Precambrian and
tenden and others, 1952), and the Uinta Moun- Lower Cambrian sequence. :
tain Group appears to be at least 24,000 fi
T thick locafly p(?—lanscn, 1965, p. 33). These RELATION OF UPPER PRECAMBRIAN
rocks crop out in an east-west belt (Fig. 4) AND LOWER CAMBRIAN SEQUENCE
. e TO OVERLYING ROCKS
that seems to represent at least in part the :
original depositional trough (Wallace and Crit-  :The upper Precambrian and Lower Cam-
tenden, 1969, p. 140). Much of the sediment brian detrital and volcanic rocks are conform-
was derived from soure arcas to the north .ably overlain by a thick sequence of lower
(Wallace and Crittenden, 1969; Hansen, 1965, Paleozoic carbonate and shale rocks. This
p. 36-37). An east-west-trending strand line change from predominantly argillite, shale, silt-
(Fig. 4) has been identified in the Uinta Moun-  sténe, conglomerate, and quartzite below to
tain Group (Wallace .and- Crittenden, 1969, " carbonate and shale above, 1s stfiking. T
Figs. 4 and-5). The east-west trends of the “The depositional pattern of ‘the upper Pre-

- Big Cottonwood "Formation and- the Uinta cambrian and Lower Cambrian rocks is very ~~
. Mountain Group intersect the general north- . like that of overlying lower and middle Paleo- =~"
~south trends of the upper Precambrian and  zoic-strata of the Cordilleran geosyncline. This

Lower Cambrian sequence at a high angle. similarity can be seen by comparing an isopach
In California, rocks underlying the upper map of the upper Precambrian and Lower
Precambrian and Lower Cambrian sequence Cambrian rocks with an isopach map of Cam-
consist of the Crystal Spring Formation and the  brian, Ordovician, and Silurian rocks (Fig. 5),
Beck Spring . Dolomite. The Crystal Spring and also by comparing Figure 2 of this report
Formation is strikingly similar lithologically with Plates 3 and 4 of Kay (1951). The
{(Wrucke, 1966, and 1971, oral commun.; ‘‘Wasatch line” of Utah, across which Paleozoic
Shride, 1967) to the Apache Group in southern and Mesozoic strata thicken greatly, cGincides
" Arizona (formed sometime during the interval with the position of the wedge of upper-Pre- -
" 1,200 to 1,400 m.y.; Shride, 1967; Livingston cambrian and Lower Cambrian sedimentary .
~ -and Damon, -1968], and..both:wunits are in- strata. The diamictite appears to be the oldest .
truded by Precambrian diabase. Although out-  unit whose depositional pattern follows closely™
crops of the Crystal Spring Formation and the - that of lower and middle Paleozoic rocks and
Apache Group are about 300 mi apart, they thus may represent the earliest ‘deposit in the
both may have been deposited in a northwest- ~Cordilleran geosyncline, - Z— _
trending basin, a basin that would intersectthe " © = . T
general north-south. trend of the upper Pre- gmﬂy (%%)NM‘Y') o
.;. cambrian and Lower Cambrian sequence at a O ; ARA o=
“high angle (Fig. 4). ~ 77 77 The concepts of ocean-floor -spreading and.
Rocks below the upper Precambrian and ~ plate tectonics have led to the development of
Lower Cambrian sequence, therefore, were de-  new ideas concerning the origin of geosynclines
posited in several basins or troughs which ap- (Dewey, 1969; Dewey and Horsheld, 1970;
- . - - - Dewey and Bird, 1970; Dickinson, 1970a and -
- 2 The correlation of the Big Cottonwood Formation 1970b; Coney, 1970; Bird and Dewey, 1970).
and Uinta Mountain Group has been questioned by According to these theories, after continents ..

' €.A. Wallace (1971, written commun. and # Crittenden  separate, thick linear belts of sediment form Andean.
..~ and others, 1972). The Big Cottonwood Formation isa  along their trailing edges. In its simplest form, frictional
-~ mrprediamictite unit {Crittenden -and  others, 1971), ¢his toncept is illustrated by Figure 6, which ~~lithosphe

:&Tazﬁ: rdlﬁnt; x:uu:i”:ocr;‘fgm’;uhg::l:’glfz - shows a continental ‘mass splitting in two and andesitic
'sout.hc;s;tcrn -'Idaghq..M,'D‘f Critft):pacn: Tf?(i‘?’?l. oral th:?--t::o sections dnftmg apa_x_}'t. The 1mt1§l conSISI}
" commun, and 7% Crittendén-and others, '1972), *however, phase of_a connncnt_z.ﬂ.scp aration ‘are marked graywac
- ~on the-basis of braad deposiional patterns, considers the Dy €xtrusion of tholeiitic basalt_in areas where 1970a).
~ ‘Uiata Mountain Group to be"a’part of the pre-dia- thinning and rifting of the crust tap magma The'p
" micrite sequence, an interpretation followed here, sojl_irccs in th_c mantle.-The volcé_nisni'and sedi- —__ east coas
e T e - ¥ o fame gy L R
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- Fiéurc‘ 5. Comparisoﬁ of isopech map ,(A.) of»Pre‘-
cambrian and Lower Cambiian rocks (from Fig. 2, this
report) with isopach map (B) of Cambrian, Ordovician,

mentation that occur along the trailing edges
of continents that-are separating, differ mark-

- edly from those related to a subduction zone a e (orahs i others, 1059,

This margin developed when the North Ameri- -
can-plate ‘was separated from the Eurasian an(_i‘_;
African continental plates during the breakup
of the Pangaean continental mass in the early. .

the leading ‘edge of a continent (such as the
Andean type). Along a subduction zone,
frictional melting at the top of the descending

~ lithospheric plate generates massive volu.mcs of -
- -.- andesitic-and basaltic magma, and sediments

- consist primarily of structurally c.onFortcd
.graywacke and chert (Dewey, 1969; Dickinson,
1970a). '

The present-day continental margin off the

east coast of the North American continent is

B

and Silurian rocks (afier Eardley, 1951, PL 2). Thick-

ness in feet.
[

considered (Dewey, 1969; Bird and Dewey,
-.1970) to be a typical example of a stable con-

tinental margin containing a thick linear belt of

Mesozoic (Dietz and Holden, 1970). The ir}itigl
phases of this separation produced the Triassic

_grabens and basalt masses of the eastern United

States. .
A continental separation appears to be a

etr 7 an e ol B A e Y
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strata which underlie the upper
and Lower Cambrian sequence
s of western North America are
be part of this continental block.
western North America do the
1brian and Lower Cambrian rocks

and younger rocks) rest on ultra- - -

:hich could be considered to be

. Such oceanic crust, if the inter-
esented here are correct, must be
-later Phanerozic rock. The plu-
etamorphic rocks of the Yukon-
plex and of the Shuswap Complex
) of Canada and Alaska appear to

~ 1969b; Ross, 1968).___. ,
' ferred late Precambrian _ Cambrna
“strata of the Cordilleran geosyBcline. These
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lic west of the inferred zone of separation and
thus, following the interpretations presented
here, should not contain pre-Windermere cra-
tonic sequences indigenous to the North Amer-
ican continent. Geologists in early studies in

these regions assigned rocks of these complexes

to the Archean (see discussion by King, 1969b,
p. 49 and 68), but most radiometric dates are
Mesozoic and much of this terrain is now con-
sidered to be composed mostly of metamor-
phoscd Paleozoic or Mesozoic rock (King,
1969b; Gabriclse, 1967, Fig. 15 and p. 287-
288), although a Precambrian age for some
rocks cannot be entirely ruled out (King,

~Fhe -timie of the inf
scparation is not well known. It postdates the
youngest rocks of the Belt Supergroup, which
are about 850 m.y. old (Obradovich and Peter-
man, 1968; ages recalculated by Ryan and
Blenkinsop, 1971, Fig. 2). 1 have suggested
previously (Stewart, 1971) that the separation
might be younger than 750 m.y., on the basis of
K-Ar dating of the Hellroaring Creek stock,

“which intrudes Purcell Supergroup rocks, and
K-Ar dating of a metamorphic event of about

the same age. (These data are summarized
briefly by Burwash and others, 1966.) More

recent work (Ryan and Blenkinsop, 1971) in-

" cluding Rb-Sr isotope measurements, indicates -

that the age of the Hellroaring Creek stock 1s

" approximately 1,260 m.y. According to Ryan

and Blenkinsop (1971), the K-Ar ages. may

* have been reset by a pre-Windermere event

and further reduced -by post-Cambrian to

' Mesozoic deformation, With present data, the

inferred separation can perhaps only be dated
as younger than about 850 m.y. (the.age of the
youngest rocks of the Belt Supergroup) and
older than about 570 m.y. (the age of the oldest
Cambrian; Geol. Soc. London, 1964).

_,SI"JM"MARY o

The relatively unmetamorphosed Precam-
brian supracrustal sedimentary rocks of western

“North America can be divided into two main

sequences: (1) the Belt-Supergroup and equiv-

alent -rocks (850 to 1,250 m.y.)—the lower
* “sequénce; and (2) the Windermere Group and -

equivalent rocks (<850 am.y.)—the upper
sequence. Rocks belonging to the Windermere
Group or correlative units cannot be con-
sistently “separated from Lower Cambrian
strata in western North America. Considered

e . g ~ e
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together, the upper Precambrian (Windermere
and equivalents) and Lower Cambrian strata
are c?oscd in a narrow slightly sinuous belt
extending from Alaska and northern Canada to
porthern Mexico, and they thicken from 0 ft
on the east to 15,000 to 25,000 ft in areas 100 to
300 mi to the west. The general north-south
trend of the upper Precambrian and Lower
Cambrian sequence cuts across the grain of
several sedimentary - troughs in” underlying
rocks (Belt and equivalent rocks), indicating
that the tectonic’setting of western North
America changed before  this séquence was

deposited. In distribution and -thickness pat-
tern, the upper Precambrian_and Lower

Cambrian rocks are .very similar-to overlying

rocks therefore must have been the initial
deposits * in the geosyncline. Continental

separation cutting across trends of underlying”’

sedimentary rocks seems a likely mechanism
for the initial development of the Cordilleran
geosyncline. :
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