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Paleozo ic  and Precambrian rocks  of Alaska 

and their r o l e  i n  i t s  s t r u c t u r a l  e v o l u t i o n  

I 
By Michael Churkin, Jr. 

1 
I 

I 

I 

i A b s t r a c t  

I 
I Acknowledging t h a t  t h e r e  a r e  l a r g e  gaps i n  t h e  knowledge of t h e  
I 

geology of Alaska,  t h e  fo l lowing  t h r e e f o l d  s u b d i v i s i o n  of Alaska i n t o  

Pa leozo ic  t e c t o n i c  e lements  i s  proposed:  Southern Alaska--the Alaska 

Range and f a r t h e r  south-- is  the n o r t h e r n  end of t h e  Pa leozo ic  Cor- 

d i l l e r a n  geosync l ine  t h a t  r i m s  t h e  e a s t e r n  P a c i f i c .  Northern Alaska-- 

the n o r t h e a s t e r n  Brooks Range and t h e  A r c t i c  Coas ta l  P la in - - i s  u n d e r l a i n  

by a pre-Upper Devonian f o l d  b e l t  t h a t  may continue around t h e  rim of 

t h e  Canada Basin  i n t o  t h e  F r a n k l i n i a n  geosync l ine  of tlie Canadian A r c t i c  

I Is lands.  E a s t - c e n t r a l  Alaska,  with a t h i n n e r ,  mainly ca rbona te  rock 

s e c t i o n ,  seems t o  be a wes te rn  e x t e n s i o n  of t h e  Yukon s h e l f  t h a t  s e p a r a t e s  

I 
I 

the circum-Arctic g e o s y n c l i n a l  t r e n d  from t h e  C o r d i l l e r a n  geosync l ine  

a long  t h e  P a c i f i c  margin of sou thern  Alaska.  



u IR stiutheagtern Alaska, deposition 

of graywacke, p o l p i c t i c  con~lomerate, and argi l laceous rocks inter- 

bedded with pillow baaalts, breccias, and tuffs  prevailed throughout 

mast of the Paleozoic. One exception, a widespread red-bed conglomerete 

and cross-bedded sandstone aequence of Upper Silurian(?) and Wer 

Devonian age, marks a regional break in sedimentation. Local thick 

limestones made up of fragmented foseils indicate reef and ahallow- 

water shell bank development. Very rapid facie8 changes ref lcct 

rugged bottom relief largely controlld by volcanic activity. The high 

proportion of volcanic rocks and some plutonic intrusions of l'gvsr 

Paleozoic age that have closely associated thick lenses of eporogenic 

boulder conglomerates imply high tectonic mobil i ty .  Isolated exposures 

of similar Paleazoic rocks in the Wrangell Mountains, Alaska Range, and 

the Alaska Penfnsula, suggest that the coarse detxital-volcanic belt 

of southeastern Alaska rims the northern Pacific Basin and may cont nue 

west along the edge of the Bering shelf sea into the Koryak Upland of 

I 
northeastern U.S.S.R. where similar sequences occur. 

I 



In n o r t h e r n  Alaska a 
. . . -. 

deformd belt of pre Upper-Devonian strata containing interlayered 

volcanic rocks occurs i n  the northeastern Brooks Range. In the Arctic 

coastal plain farther west boreholes have pmltrated steeply dipping, 

weekly metamorphosed rocks that probably belong to t h i s  same f o l d  

belt, thereby suggrrting that r largely buried and part ia l ly  destroyed 

baaln or geosyncline of pre Upptr-Devonian age (probably early 

Paleo~oic  and l a t e  Precambrian) lies along the northern edge of Alaska. 
I 

Thick rections of chert-rich detr i ta l  rockr of Upper Devonian usd i 

farther north of Nirslssippian age, l i e  unconformably on t h i s  

urcecrtral Brooks g ~ s y n c l i n e  and were derived from upl i f t s  within the 

geoayncline. These clastic deposits that are a t  least in part of 

nomarine origin, continue around the edge of the Canada Basin from 

Alaska east into Ellemre Island and west into Wran~ell Island. 

Abeolutc age deterdnationa indicate that the intrusion of granit ic  

racks around the margin of the Canada Basin was probably related t o  

the same mid-Paleazaic orogeny that produced the wedge of Upper 

Devonian-Mississippian conglomerate and sandstone. After the Orogeny, 

marine shale and cadonate rack were again deposited around the edaes 

of the Canada Basin. In the Brooks Range the base of the Carboniferous 

section become8 progressfvely younger northward,  and t h e  whole section h a s  more 

terrigenous detritus i n  the northern parts of the Range. This north- 

ward tranagreasion, plus the fact that the unconformably overlying 

Permian in  bare holes north of the Brooks Range is a chert-pebble 
conglomerate suggests that in the late Paleozoic a source area existed 
in the northern Brooks Range and farther north as it had done in the 
late Devonian. 

3 



In cast-central Alaska Cambrian throu~h Devonian 

time is represented by a thin but nearly complete sequence, mainly of 

limmtane, Along the Yukon River, which i a  the aouth edge of the 

Yukon she l f ,  thin ~raptolitic shale and chert and, in plaeta, Devonian 

pillow basalt, indicate a traneitionsl faeieu In to  the Cardilleran 

geospcline farther south. In the late Devonian, thick nonmarine 

con$loserate and sandetone were apparently derived from upl l f tr  

within the nearby geosyncline, starting tha upper Paleozoic cycle of 

higher tectonic activity fn the interior parts of Alaska. Carboni- 

ferous roch in east-central Alaska form a th in  sequence of i n t e e  

bedded limestone, shale, and chert. Pre-Permian erosion has removed 

m a t  of the Carboniferous, and the Permian is a thin sequence of 

conglomtate,  anda atone, and limestone, 

Nonvolcrmic, nearly pure carbonate sections in the Sward Pen- 

inaula and in parts of southwestern Alaska, especially those reprement- 

ing the 1mer Paleozoic, suggest that the carbonate ahelf type of 

sedimntation characteristic of east-central Alaska may have extended 

into western Alaska. Similar strata on St. Lawrence Island and on 

Chukotsk Peninsula indicate that t h i s  belt of mainly carbonate rock 

continues west across the Bering Straits thereby l i n k i n g  the ~eolom 

of Alaska to Agia. 



During the Meeozoic and Cenozoic the broad Paleozoic stratigraphic 

beltm of Alaska were deformed i n t o  a large number of troughs and 

u p l i f t a .  Batholithic intrusions, volcanism and metamorphism together 

with pametratfoe folding and fralting during the multiple episodes of 

Mtsoroic aad Cenozoic orogeny have largely obscured the Palcorroic and 

older structures. Rowever, the patterna of basins and ~ipl i f tm in the 

Mesozoic and, to a lesser degree, in the Tertiary tend to follow the 

trend of the Paleezolc stratigraphic belts that form their b a a m n r .  

Around the r i m  of the northern Pacific basin there are obvious 

c r x t m n i a ~ l  of the fold belts of Alaska i n t o  Yukon Territory and 

British Columbia on the south and Chukatka (northeastermnost U. S ,S .R.) 

ma the west. Another, though leas obvious, correlation af f o l d  b e l t s  

is around the edge of the Canada Baain. 

In evaluating continental drift in the Arctic, there is no direct 

evidanee for large scale d r i f t  between Alaska and Chukotka. In fact, 

the North American and Eurasian continents probably were connlcted 

across the Alaska-Wkotka larthmua during the time of major d r i f t  i n  

the Atlantic .  

Sea floor spreading that farmed the Atlantic Basin seems to have 

extended across much of the Eurasia Basin part of the Arctic. The 

bends in various large scale structures in Alaska and Chukotk~ may be 

in part results af compression in this narrow continental aewent 

link in^ Eurasia and North America as the two continents separated 

acroaa the Arctic and northern Atlantic. 



Introduction 

Alaska, being a narrow isthmus connecting North America to 

Euraeia, is a key to understandln~ the geologic correlations around 

the nerthern Pacific on the one hand and the ~eology of the circum- 

Arctic areas on the other. B e s i d e s  s e r v l n ~  aa a link between North 

America and Euraml.) Alaska is important in evaluating the ancient 

histories of the Arctic and northern Pacific Oceans through a study 

of its continental margins. Finally, Alaska plays a vi ta l  role in 

testing theories of continental d r i f t  and aea floor spreading In the 

Although a number of stratigraphic and tcctonia mmmariem of 

AJamka have been made, these have focused mainly on Pfesozoic and 

Tertiary rocks (Mertie, 1930b;Smirh, 1939; Eardley, 1948: Pame, 1955: 

Gates sad Gryc, 1963). Knowledge of Paleozoic and Precambrian rocks 

in Alaska has sub~tantially increased since Schuchert's first mapa 

coveting North America were published in 1910. To date, however, there 

is no regional synthesie of the Paleozoic or Precambrian history of 

Alaska using the latest data to make modern correlation diap;rams, 

l i thofacies maps, and paltotectonic maps useful in interpreting earth 

history. It is my goal here to  summarize the present knowledge of the 

Paleozoic and Precambrian rocks of Alaska and t o  interpret their role 

in its tectonic and structural development. 



The paper has two partsl: I ]  regional strati~raphy and 2) 

tectonic and structural history. The firet part attempts a systematic 

summary of PrecambrUn and Paleozoic rocks found in Alaska. The 

-second part of the paper 19 the writer's Interpretation of the 

tectonic and structural evolution of Alaska based on the data presented 

i n  the f irst  part and on structural and geophysical data. Beaause of 

the great variation in the 1-1 of amr knowledge of the different 

areas of Alaeka and for the sake of brevity, only the more thoroughly 

studied stratigraphic a~iccerpsions are discussed, This is done by 

showing the mast important colurrmar sections for each geologic 

province. A list of the major literature references is given t o  

guide the reader in obtaining d e t a i l s .  

Acknowledging that there are bfp: gaps In the present knowledge 

of the Paleozoic rocks of Alaska,  especially i n  i t s  southwestern add 

central interior parts, the wtiter proposea a three fold tectonic 

subdivision of Alaska (figs. 1, I q ) ,  

Figure 1 near here 



Apparently, during most of Paleozoic t i m e  sedimentation i n  

Alaska was controlled by the Cordilleran geosmcllne i n  i t a  southern 

part and by several geosynclinal cycles in northern Alaska along the 

southern edge of the Arctic Basin. In the interior of Alaska the 

Paleozoic record is less clemr, but at  least 14 east-central Alaska 

a western extenelon of the Yukon shelf  segcd t o  have separated these 

two geosynclinal trenda. 

Detailed stratigraphic studies have been made i n  some araae in  

conjtmct~on with rcconnaiseance geologic mapping. However, i n  rost 

placam where Paleozoic rocks have been mapped, their ages and atrat i -  

graphic eucceeaion are poorly known because of structural colaplexitiee 

and incomplete knowledge of fossils and other tools for corralation. 

The stratigraphic sequences of east-central Alaska and southeastern 

Alaska are emphasized becauee they are among the most thoroughly 

studied, seem to be the moat complete, and are the most familiar to me. 

It m u t  be emphasized that the carrelations, and consequently the 

general interpretations offered, are only preliminary. The accelerated 

program of geolagical exploration that has started with the discovery 

of large oil reserves along the Arctic coast of Alaska will provide 

much-needed subsurface information that could result in major changee, 

in even the broadest tectonic outllne. 

For a stnmtmrp of the Paleozoic s trat igr~php and tectonic history 

of Canada adjacent to Alaska the reader may refer to Gahrielse (1967), 

Gabrielse and Wheeler (1961), and Ziegler (1969) .  Fo r  a r e g i o n a l  ana lys i s  
of p a r t s  o f  the S o v i e t  Union ad jacent  t o  Alaska the following r e f e r e n c e s  a r e  
useful: ( B e l y i ,  1964;  Bogdanov, 1963; Bogdanov and TiLman, 1 9 6 4 ;  Eg iaza rov  
and o t h e r s ,  1965;  Gnibidenko,  1969;  K r a s n i y ,  1966;  Ti lman,  1962; Yanshin ,  1966.  
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Stratigraphy 

Prec amb r fan 

Until recently, large areas of metamorphic rocks in the central 

and southern parts of Alaska were considered Precambrian (Smith,  1939: 

Dutro and Payne, 1957). With the realization that younger f o ~ t i o n r r  

extend into these areas of high metamorphism, many o f  these metamorphic 

complexes are now considered u embracing much younger rocks. Radio- 

metric dating has shown that the metamorphism in  the Yukon-Tanana 

Upland, thought t o  be dominantly Precambrian, Is In scme part Heeozoic 

(Wasserberg and others, 1963) .  One di f f i cu l ty  i n  determining that any 

rock. are Precnmbrian I s  that only in a small area of east-central 

Alaska a r t  there rocks that  can be definitely recognized as Cambrian 

by their foss i l  content. These are known to srratiaraphically overlie 

still older rocks--the Tindir Group. As a result, many of the previous 

Precanbrian assignment8 outaide t h i s  amall area, e~peclally in the case 

of mtarmrphic rocks, are eomewhat i n  doubt (fig. 2).  

Figure 2 near here 

-- 

Unmetaraaxghosed rocks.--The term T i n d i r  Group was first appl ied - --.-- - ------- 
t o  a t h i c k  sequence of unmetanorphosed sedimentary rocks that conform- 

ably underlies foesiliferous Middle Cambrian limestone along the 

Alaska-Yukon Territory houndary (Cairncs, 1914). Mertie (1933) studied 

the Tindir in the v ic ln i ty  of the Yukon River where i t  is best exposed 

and subdivided i t  into seven units.  

11 



More recently part of th i s  area was mapped and studied in greater 

d e t a i l  (Brabb and Churkin, 1965; 1969). The following five map unita, 

totaling over 11,000 feet, were then established: 

Lower Cambrian 

Adams Argilllte: arglllite, siltstone and quartzite; 

rare limestone leriaes and greenatme. Contains 

archaeocyathide, trilobites, worm(?) burrows and 

Oldhamla . @ - 306-600 f cet thick. 

Funnel Creek Llmtatme: massive limestone and dolorite. 

Nonfossiliferous. 1,000--1,300 feet thick. 

Upper Precambrian 

Tindir Group 

Thin-bedded limestone member: dark-gral laminated 

limestone with slabby and platy partings; 

interbeds of greenish-gray shale, siltstone 

and sandstone; minor sandy limestone, 

l d n a t e d  dolomite, calcareous dolomite and 

chert-carbonate gritstone. 800-1,500 feet thlck.  

Dolomitic sandstone and shale member: Ilght-gray, 

thin- t o  medium-bedded doloarenite and olive- ray 

shale; minor gritstone and conglomerate. About 

2,509 feet thick. 



Basalt and red-bed member: dark-greenish-gray b a a ~ l t ,  e o m n l v  

ampgdaloidal and with pillow structrrre; minor basalt ic  t u f f .  

Red and ~rayish-red hematite-rich shale and siliceous iron 

farmatlcm; minor greeniah-gray shale, jasper, g re ens tone-dolo-- 

mite conglomerate, and vitric tuff and lava, largely replaced 

by hematite and carbonate. 2,500 feat .  

Massive dolomite member: light- to medium-gray, laminated, 

c l i f  f-f orming dolomite ; minor chert, doloarenite, silicified 

dolomite breccia, dolmlte-chert ~ r i t s t o n e ,  and dark-gray shale. 

Cut by diabase d i k e s .  about 3,000 feet th ick .  

Shale arersber : grayish-b lack carbonaceous shale ; minor interbeds 

of quartzite, limestone, and dolomite. Some lenticular medium- 

gray stragatolite-bearing limeatone. Cut by diabase dikes. 

l a se  apparently not exposed. A f e w  thouaand feet thick. 

biabaee d i k e s ,  eopecially abundant in the lwer parts of the 

T i n d i r ,  are probably related t o  the implacement of the ~tratigraphi- 

cal ly  higher lavas. 

The rhythmically bedded siliceous Iron formation that is 

associated wit11 the canglomerate of mixed composition and the m f i c  

volcanic rocks i n  the Tindir Group I s  probably correlative with 

similar iron-rich beds of the Rapi tan Formation (hbrie lse ,  1967) in 

Yukon Territory. 



Cairnes (1914, p. 56) originally thought that the Tindir Group 

was entirely Precambrian or that i t  may have included Early Cambrian 

at its top.  Mertie (1933, p. 392) considered the T i n d i r  as probably 

entirely Precambrian, but the oldest  foeftils then known above the 

Tindlr  were Middle Cambrian trilobites. Nore recent work has ahown 

that archaeocyathids of lowest C-ian age occur 500 f e e t  above the 

highcat unit of the Tindir (Brabb, 1967). Furthermore, early Cambrfan 

t r i l o b i t e s  and axchaeocyathids occur in the Adms ArgillZEe more than 

a theusand feet above the top of tlze Tindir hut no d e f i n i t e  discon- 

tinuity has been recognized as separating theac fossiliferous horizons 

from the T i n d i ~  (Brabb, 1967: Palmer, 1968). Thus, the top of the 

Tindir Group is considered by Brabb (1967) to mark the top of the 

Precambrian in eaat-central Alaska. 

The only fossils known from the T i n d i r  are well preserved I 

stxomatolites (laminated algal structures) from lmtfcular Limestone 

in the dolomite and shale unit of the Tindir  some 8,00fl feet below 

the early Cambrian foss i l s  (Brabb and Churkin, 1 9 6 9 ) .  A preliminary 

examinatton of these etromatolitea indicate0 s close similarity t o  

stromatolites in rocks o f  late P?iddle Rlphean aRe from the Mdan 

Shield of Siberia (M. A. Semlhatov, written cormmxn., 1968). 



Lithologically, the Tindlr  resembles the Belt series exposed 

in more sautherly parts of the Cordillera. A direct binstratigraphic 

correlation of the Tlndir with the B e l t  hawever, has not been poesible 

because the stromatolites in the B e l t ,  unlike those in 

the Tindir are not of the columnar or cone-shaped types found to  be 

ueeful for correlation (Semihatov, oral commun., 1969).  A comparison 

of radimtric dates from the Belt (Obradovlch and Pete-, 1968) 

wfth those from the Late Precambrian of S i b e r l n  euggeste indirect ly  

that the upper part of the Tindir IR late N i d d l e  Riphean in age 
I 

(950 - 1350 5 50 m.y., Semihatov, oral comun., 1969) and correlates 

w i t h  the upper part of the  B e l t  Series. 

The base of the Tindir  is not known, but rare boulders of 

granitic rock and gneiss in the upper part  of the Tindir  sumest 

that an ignmtis and metamorphic basement of e a r l i e r  Precambrian age 

is not far away. Metamorphic rocks In the Yukon-Tmana Upland have 

been postulated as representing t h i s  earl ier  Precambrian (Mertic, 1937b), 

but  isotope dating of these rocks has generally not verified their  

postulated Precambrian age. 



In the western part of the Charley Rivet quadrangle, 50 t o  70 

miles west of the Tindir type area, are u m e t ~ r p h o s e d  sequences of 

limsntone, ar~illite, basaltic lava, and distinctively laminated 

d o l d t e  that resemble the rocks of the Tindir Group (Brabh and 

Churkin, 1965).  Stromatolitea l i k e  those in the dolomite and shale 

menbet of the Tiadir (Semihatov, written connnun., 1968) a l so  occur in 

these western exposures, Indicating a mttch larger distrlbuticva of 

Late Precambrian rocks in east-central Alaska than formerly recop;nized. 

Similarly laminatad dolornite5,again cloaely associated with b r a ~ d t i c  

lavaa but containing nondiagnostic stromatnlites that may be rithcr 

Proterozoic or Palcoroic (~Semihatov, oral ca~mnm. , 1969) , 

also accur i n  the Livengood district still  farther west (Churkfn, 

unpublished f i e l d  data). 

Along the Poicupine River, some 150 milee north of the Tindir 

section on the Yukon River, r o c b  included i n  the Tlndlr  Group 

(Cairnea, 1914) are mainly quartzite and dolomite. The following 

i s  a composite section made from exposures within a 5 mile distance 

upstream and downstream from New Rampart House where the International 

I 
border crosses the Porcupine River (Brosge and others, 1966): 



Devonian 

Massive dolomite and limestone. Abundant - w h i p o r e  ---+- and 

Cladovora - - ------- 

F a u l t  Zone 

Precambrian (?) 

"Tindir Group" 

Argillaceous dolonite member: thin-bedded t o  laminated, 

platy and alabby. Blnck chert nodulea and layers. 

About 400 feet thick.  

Masaive upper dolomite member. About 400 feet thick. 

Black a b l e  and thin-bedded limestone member. About 

309 feet thick. 

Lawer dolomite member. About 200 feat thick,  

Upper quartzite member: very light-gray, fine-grained, 

thin-bedded and ctoma-laminated. About 800 feet thick. 

Sandstone and shale member: interbedded quartz-arenite, 

mhale and siltstone; weathers grayish-red. About 250 

feet t h i c k .  

Lower quartzite, white t o  l ight-~reenish-may,  fine- 

grained, cross-laminated. More than 300 feet thick. 

Total of 2,650 feet of rock exposed. 

Base of section covered. 



Correlation of this Porcupine River sec t ion  wi th  the Yukon River 

section of the Tindix  is not poss ib l e  w i t h  the data at hand. The 

Porcupine River "Tlndir" has some of the lithologies exposed farther 

south, but has proportionately more d o l d t e  and quartzite and less 

shale ( f i g .  3 ) .  A brachiopod and gaetropod collection from a quartzite 

Figure 3 near here 

section 50 m i l e s  north of the Porcupine River suggests that acme of 

the Tindir-like rocks 2n th i s  area may be Paleozoic ( ~ r o s &  and 

Reiscr, 1969) . 
Older schiats of uncertain age.--The name ''Birch Creek Schist" 
-----+-+ ----- 

was first applied t o  schist8 in the Circle, Fairbanks, and Fortymile 

mining d i s t r i c t s  of the Yukon-Tanana Upland (Spurr, 1898). Various 

authors subsequently extended the term to include mast of the high- 

grade mtaraorphic rocka i n  the in ter ior  of Alaska north of the Alaska 

Range. Then fallowed a period of restricting the term t o  include only 

rocks thought t o  be Precambrian (Mertie, 1937b). Originally the Birch 

Creek Schist was asaiqaed t o  the Precambrian an the basis  of its 

apparent structural position below Paleozoic rocks and its high 

metamorphic grade. This Precanbrian age aasigrnaent has continued 

(Mertie, 1 9 3 7 b ; h t r o  and Papa,  1957) but without conclusive confirma- 

tion of its age based on stratigraphic relations. 



The Birch Creek Schist in its type area consists largely of 

qwartz-mlca schiat and chlorite schist produced apparently by r e ~ i o n a l  

metamrphiem of mainly sedimentary rocks. Minor m u n t a  of gneies, 

marble, aerpentine, and greenstone are interlayered with the s c h i s t .  

Well-developed zones of contact metamorphism border most of the 

 ranit tic intrusions in the Rlrch Creek Schis t .  Iaotopic neamurements 

uaing RbISr and K/Ar on micas frm the schist and on granites 

intruding it indicate that the  Birch Creek has been partly recryatal- 

l i z d  at about 180 m.y. in conjunction with  the granitic intrusions 

(Waseerburg and others, 1963). Besidee  the usual Mesozoic dates, a 

474 5 35 m.p. dato has been obtained analyzing ~ / A # h o m  hornblende i n  

the Schist (Forbes and others, 1968) .  According to Forbes, this early 

Paleozoic date on the polpetamorphic rocks of the Birch Creek lends 

support t o  their being derived in part by metamorphism of Precambrian 

rocks. 



Recent mappinp in the Yukon-Tanana Upland (Brabh and murkin, 
1 I 

1969; H. L. Foster, 1969), the Fairbanks district  (Pewe and .- 

others, 1966: Forbes and others, lP68) and the northern Alaska Ranqc 

(Wahrhnftig, 1968; J .  !loare, unpublished data, 1967) i n d i c a t e s  that 

the Birch Creek S c h i s t  terrain is composed of polymcetmorohosed 

sequences in which the metamorphic grade as determined by different 

mineral assemblages changes from place to place. Some of theae 

mineralogical changes accompanied by chanyes In penetrative structures 

are abrupt and according to Forbes and others (1968) can be related 

to juxtaposition of different metamorphic facies by f a u l t i n g .  In the 

Charley River quadrangle southeast of its type area the biot i te-  and 

garnet-bearing Birch Creek Schist grades irregularly inta or i n  places 

is faulted against Lower wade chlorite and sericite rsch5sts. phyllite, 

and sheared conglomerate and chert (Brabb and Churkin, 1969). 

In the lower grade rocks relics of original sedimentary layefin8 

are readily v i s i b l e ,  and i n  several places marble interstratified with  

schist contains crinoid coluwals (Ifertie, 1930b,p. 44) presumably 

of Paleozoic but possibly younger age. Two of these c t ino id  

l oca l i t i e s  are especially sfmificant because they occur in rocks 

a l o n ~  the international boundary that were mapped by Cnirnes (1914) 

as part of the Yukon Graup t ha t  he considered to he Precambrian in age 

and t o  include the Birch Creek Schist .  

Fossil funqi of probable P ~ l e a z o i c  aRe (P. E. Cloud and 

G. Lucari, oral corranun., 1968) have also been identified from with3.n 

this belt of lower ~ r a d e  rocks. 



Narth and west of its type area the Birch Creek S c h i s t  I s  again 

rimmed by a b e l t  of lower grade metamorphic rocks. Remnants of s h e l l y  

fossils in highly deformed and recrystallized limestones in the Crazy 

Mountains and farther w e s t  in the Llvengood area indicate that these 

lw grade metamorphic rocks are at least in part Phnnerozoic in age 

(R. Cnapman, F. Weber, and Y. Churkin, Jr. ,  unpublished f i e l d  observa- 

tions). The preaence of the trace f o s s i l  Oldharala i n  p h y l l i t i c  mbale 

interbedded with quartzite indicates ahat part of this sequence is 

probably Cambrian (Churkin and Brabb, 196S). Positive evidence that 

the Birch Creek Schis t  is derived in pnrt from Precambrian atrats 

depends on future laotopic  dating of some relic minerals that have not 

been recrystallized by the Ffeaozoic intrusions and later s tructural  

events, or by definitely establ i sh ing  the stratigraphic position of 

the Schis t  below an as yet undlscovered~ob~iliferous section of 

Cambrian age. 

Xn the highlands between the Yukon and Kuskokwim Rivere of 

western Alaska (fig. 2) there are exteneive areas of metamorphic rock 

whose age has not been accurately determined. These schists, although 

sometimes correlated with the Rirch Creek Schis t ,  are also without any 

positive evidence of their age. 



In Seward Peninsula the oldest racks long thought to be Pxecambrian 

are slate and sandstone at the weat t i p  of the Peninsula and sahists of 

the Kigluaik and Nome Groups in the vicinity of Nome (Hoffit, 1913). 

The Port Clarence Limestone of Ordovician age, the oldest fossil- 

bearing rock in Seward Peainsula, was believed to overlie these weakly 

met-rphosed slates of supposed Precambrian age (Collier, 1902; 

Ste3d-n and Cathcaxt, 1922). Regional mapping by Sainsbury (1969a) 

indicateta that the Ordovician limestones axe not  In stratigraphic 

contact w i t h  the underlying s la t e  but inatend are thrust over the 

slate. According to  Sainsbury (1969a), the Ordovician llraestotte I s  

confomably underlain by a nonfoseiliferoue argillaceous and dolomitic 

limestone sequence several thousand feet thick that could include r a c b  

of W r i a n  or even l a t e  Precambrian ape. The Kigluaik Schist exposed 

in the west-central part of Sward Penineula presents the b e s t  evidence 

that i t  and other high-grndc metamorphic rocks in the area are con- 

siderably alder than the surrounding lmer Paleozoic liaesronsa and 

may be Precambrian. The Kigluaik Schist ,  consisting mainly of mica- 

s c h i s t ,  is exposed in  a long vest-trending structural arch that exposeB 

higher grade gneissca in ita core (Colliet and others, 1908; Sainsbury, 

oral commun., 1968). The schistaslty and centpasitional layering are 

arched along the axis of the structure, and lower grade schists inter- 

layered with marble fom the structurally higher pnrte of the sequence 

(Sainsbury, oral comatun., 1968). Ihesive limeatones rich in lower 

Paleozoic fossils flank th i s  arch and are essentially unmetamorphosed 

thereby suggesting that  they are considerably younffer than the schists. 

( p .  22a follows) 



Radiometr ic  d a t i n g  u s i n g  K/Ar  i s o t o p e s  of metamorphic rocks  and 

a s s o c i a t e d  i n t r u s i o n s  in t h e  Seward P e n i n s u l a  g e n e r a l l y  i n d i c a t e  

metamorphic-plutonic e v e n t s  of Mesozoic age (Sa insbury ,  1969a) .  I n  

e x c e p t i o n ,  Sa insbury  ( w r i t t e n  commun., 1970) has o b t a i n e d  a 750 m.y. 

d a t e  on g n e i s s  from t h e  c o r e  of the Kig lua ik  Elountains u s i n g  t h e  

~ b / ~ r  whole-rock method. A d i k e  c u t t i n g  this gneiss, accord ing  

t o  Sa inshury ,  g i v e s  a  450 m-y .  Rb/Sr date. 



I HQtamorphic rocks with structural and stratigraphic r e l a t i o n s  
I 

I similar t o  those i n  Seward Peninsula have been described from Chrxkcrtsk 

Peninsula across the narrow Bering Strait (Belyi,  1964; Krasniy, 1966, 

p.  46; Gnibidenko, 1969).  Based largely on their high metamorphic 

grade, these rocks In Chukutka have generally been considered Precnm- 

b r u n  (T i lman ,  1962; Belyi, 1964). Radiumetric datinpr (24 separate 

d y n e e )  shows that in the Chuhrsk Peninsula as in other metamorphic 

terranes around the northwestern P l c i f i c ,  the age of the  metrmorphlsm 

rragcs from Paleozoic to Mesozoic bat  is eostly Mesozoic i n  the i n t e r -  

va l  of 130 t o  60 m,y. (Gnibidenko, 1969). In eastern Chukotka a number 

of much older dates, ranging from 1500 to 700 my,, have been obtained 

on racb i n  the saac v i c i n i t y  as those g i v i n g  nruch younger dates 

1 
(Gnlbidenko, 1969). This suggests some Precambrian rock may be 

i involved in the mainly Mesozoic metamorphiem. It seems reasonable t o  

1 conaider these metambrphic rocks as earliest Paleozoic where they 

I 

I 
grade into f o e a i l i f e m u s  Paleozoic rocks and ae p r o v i s i o n a l l y  Pre- 

cambrian where there is a sharp structural break between them and 

1 fosslliferoue lower Paleozoic rocks. 



In addition t o  the b e l t  of metamorphic rocks across the center 

of Alaaka, there are metamorphic rocks in other re~ians of Al-askn that  some have 

suspected of being ear ly  Paleozoic in age and others have suspected of being 

Precmibrian-the Walss Group of southea~rexn Alaska (Buddington and 
I 

i 
I 

Chapln, 1 3 2 9 ) ;  a narrow belt along the southern margin of the Brooks I 

I 
Rmge (Patton, 1957; Btoege, 1960; and the Neruokpuk S c h i s t  of the 

northeastern Brooks R a n ~ e  (~rasg; and others, 1962 : Reiser, 1970). 

These rocks, without further work, cannot be accuratelo dated but 

al-t certainly include rocks of Paleozoic age. The occtjrrmcc of 

any strata conclusivrly dated as Precambrian in these metamorphic i 
I 

~oaplaxea hns not betn recorded. However, the lcnowledqe that granitic / 

rock intruding the Neruokpuk Fomqtion is 430 - + r9.Y. cld (miser, 

1970) indicates that same earliest Paleozoic and p o s s i b l y  older strata 

may be included in the metamorphic rocks of the northeastern Brooks 
I 

! 
I 

Range. I 

i 
Lower Paleozoic cycle of sedimentation ! 

1 

The Cambrian through Yiddle Devonian rocks in c~st-central I 

Alaska eeem t o  he part of a cycle oftearly continunus sedimentatinn. 

In contrnst, s tnrt ing  in the Late Devonian, apparently older qcosyn- 

clinal rocks within the Cordilleran and atkccetral Brmka ~eosynclines 

were uplifted, and wedges of coarse siltccaus s e d i ~ c e t ,  in nart nan-. 

marine, were d e p o s i t e d  towards the Interior of Alaska. 



Cambrian 

Cambrian racks have bean found In  Alaffkn only in a m a l l  area 

a t  the west end of the Oqilvfe Yountnlne where the Yukon River crosses 

I the International boundary (fig. 4). Foaeils of def ini te  Cambrian age 

< 

Figure 4 near here 

were first reported here by Cairnes (1914), and the stratipraphic 
I 

elrcecssion has been eubsequently described by Mertie ( 1 9 3 3 )  and Brabb 
1 

(1967). Kobayashi (1935) and Palmer (1968) ham described the 

trilobite and brachiopod faunas , 

i 
The Cambrian i n  most of this area is represented by a limestone 

I and dolomite mtction that has ehale and quartzite in I t s  middle  part 

(fig 3 In exception the Cambrian exposures in the northeastern 
I 
I 

I 

part of the area (Jones Ridge t o  Squaw Mountain) are all llmeatoae 

and dolomite. The contact of the Cambrian with rocks af the Tindir 

I 
Croup is accordant and probably conformable. The Willard L i m e s t o n e  

a t  the top of the Camhrian section is overlain by chert and ahale 

(Road River Formation) that has rich late Lower Ordovician jzraptnlite 
! 

fauna in its basal part (Churkin and Brabb, 1965a). The Road River 

Formation rests unconfortnably on different beds of the Hillard 

Limestone ranging in age from early Upper Cambrian to  early Lower 

Ordovician (Brabb , 1967) (fig . 3) . 



Abundant epecimene of Oldhaaia, a fan-shaped trace fossil of 

probable Cambrian age that occur8 i n  the Ad- A r g i l l i t e ,  also occur 

in similar arg i l l i r e  and quartzite near Mount Schwatka and in the 

Crazy Wuntains (f f g.* 4> about .I80 and 100 miles. 
I 

respectively, weat of the Cambrian aection along the International boundary. 
I 
I 

Thim muggests that large areaa of texr1genou.a rocka in the central 

1 Interior of Alaaka mapped originally by k r t i t  (1937b)as "undiffex*m- 
I 

tiatcd noncalcareous rocks of Devonian age" or as "undifferentiated 

noacdcareous rockg of Misaissfppian age" include much older rock8 of 

I probable Cambrian age (Churkin and Brabb, 1965b). 

Other areas in which Cambrian rocks map eventually be reeagaitd 

are primarily the areas of Ordovician outcrop ahown In figure 5 .  

Pfgure 5 near here 

Especially promising are the well-bedded limeatone sequences on Sward 
- - 

Peninsula where, according t o  - - Sainsbury (1969a), there are 

thousands of feet of argillaceous and dolomitic limestone s t tat i -  

graphically below maesive limestone bearing Lower Ordovician fo s s i l s .  



Ordovician 

Ordovician rocka of different facie8 have been rccomieed in nanp 

widely separated areas of Alaska ( f i g .  5 ) .  The atratigraphic i 
aucceaaion within these areas of Ordovician, however, is known i n  m y  

I 

deta i l  only in the Eagle area of eaet-central Alaska (Churkin and 
I 

Brabb, 1965L), in the Craig area of southeastern Alaska (Eberlein and 

Churkln, 1970), and in Sward Peninsula (Sainsbury , 1969 a) . The 

reaaining areas of Ordovician rock shown on figure 5 either have 

Orderician foes11 collections made during the earliest reconnaiseance 

I 

surveys (localities 2, 3, 4) or are structurally complex areas in which 
I 

! 
I 

the stratigraphic relations of the Ordovician rocks t o  other meka is 

unknown (localities 5,7). 
I 1 

Two facies of Grdovicim rocks are developed in the Charley Rivet 1 I 
I 

area near the International Boundary (fig. 6). Along the south edge 

Figure 6 near hare 1 
_ _ _ r _  

1 

of the area graptolltic shale and chert (Road River Formatian) form a I 
1 

b e l t  that extends for 35 ailes along the Yukon River. Only 7 miles 

north of exposure8 of the graptolite shale facies is a contemporaneous 

pure limestone section (Jonee Ridge Limeatone) that is several times 

as thick as the graptolitic shale. This abrupt change in l i tho logy  i s  

believed ro reflect a rapid facfes chan~e and is comparable to similar 

changes of graptolite shale into carbonate rock far ther  eaet in Yukon 
I 1 1  
I 

Tert itory (Churkin and Brabh, 1967). i i I 



The à rap tali tic shale and chert section, Road River Fornation, 

rests tmconfonnably on the Hillard Limestone. The base of t h i s  

section is marked by a few feet of black bedded chert and chert 

conglomerate contain in^ a coquina of phosphatic a h e l l s  of the pod- 

shaped crwtacean, Caryocaris (Chuxkin, 1966). A rich sequence of 

graptalite faunas indicates that the Road River includes a l l  of the 

Ordovlaian except for the earliest Ordovician (Tremadocian and lower 

part  of the Atenigian). The Road River Fcmnation 1s discontinuously 

exposed, but in all the section8 that span the Ordovician-Silurian 

boundary there is no evidence of a stratigraphic break c o i n c i d i n ~  

with the eystemic boundary (Churkin and Brabb, 196Sa). 

In the Jones Ridge area near the Alaska-Yukon Territory boundary 

the Ordovician i n  represented by pure llmestanc except for a A0 foot 

largely covered interval of chert, ahale, and minor limestone that may 

represent a wedge of Road River Formation lithology (Brabb, 1967). I 

I 

Farther north,  along the international boundary the ordnvician seems 

to be represented by a pure limestone section that contf.nues north as 

far as the Porcupine River. Along the Porcupine River itself, there 

are a f e w  outcrops of very f ine  grained limestone that contain the 

eas i ly  ident i f iab le  tabulate coral Tgtradium together w i t h  other 

I 

Ordovician shelly fossils (Kindle, 1908: Rros~e and others, 1966). i 



Outaide of east-central Alaska the only other areas with Oxdovi- 

cian sections that are mainly carbonate rock lie i n  western Alaska. 

I In the Sward Peninaula the Port Clarence Limestone and a number of 

mappable fubdivieriom consist mainly of limestone hut  also have 

dolmitlc  m d  argillaceous interbeds. In the central York Mountain8 

i these rocks aggregate at least 8,000 feet in thickness and repreeent 

-17, Middle, and Upper Ordovician (S~inahury , 19698) . 
5 Farther south in the upper reaches oE the Kuskokwim Qiwr, north- 

t.at of YcGrath, Ordovician shel ly  faunas have been reported from a 

nearly pure limestone and d o l a g i t e  section (Eakin, 1918; Brown, 1926). 
I 
I The Holitna Group of essentially pure carbonate rock further west in 

the central Kuskokwlrn area may also be Ordovician because Silurian and 

Devonian faunas were col lected  from the upper horizons of the Holitna 

I Group (Cady and others, 1 9 5 5 ) .  Further south in the White Mountain 
I 

area, Ordovician fossils were found i n  limestone sections that have 

many interbeds of argillacrmra, silty, and sandy rocks 
I 

I 

(Safnsbury,1965). Very similar Ordovician limestones on Chukotak 

Peninsula (Krasniys1966, p. 74; S .  G .  Byalobzheskii, oral commun.; 

Gnibidenko, 1969) suggest this b e l t  of carbonate rock i n  west-central 

I Alaska continues from Sward Peninaula west beneath the Bering Strai t  
1 

I t o  the northeastern t i p  of U.S.S.R. 



In the Terra Cotta %uatains of the Alaska Range south of 

F a r e l l ,  a thin though relatively complete section several thousand 

feet thick of graptolitic shale interbedded with limestone and sand- 

stone has been eatabliahed as ranginn in am from the earliest 

Ordovician through the Silurian (M. Churkin and B. L. Reed,unpublished 

data). Theae sections in the Alaeka Range, like the Road River 

Formatfan farther east, suggent a transition frola the carbonate rock 

faelem exposed in isolated areas acralss the center of Alaska to the 

waras detr i ta l  rock sequences of southeastern Alaska. 

fn contraat to the predominantly carbonate facie8 of Ordovician 

rock In the  interior and weetern parts of Alaska, a thick sequence of 

gtapncke, argillaceous rock, and conglomerate rich in volcanic 

detritus aad interlayered w i t h  pillow lavas, tuffs, and brecciaa is 

exp0-d in southeastern Alaska (Buddington and Chapin, 1929 ; Sainsbury , 

1961; EberleCn and Churkin, 1970).  Limestone is  absent in th i s  

sequence except for occasional thin lenses of nonfossiliferoue dark 

limestone and for rare cobbles and boulders of dense lineistons in 



Graptolite faunas in t h i s  sequence indicate all of the major 

subdivisions of the Ordovician are present except for the lower parts 

of the Early Ordovician (Tremadocian and lower Arenigian) whlch may 

be preaent but may not be exposed since the base of the section is not 

knom, Deposition of the ~rayvacke-volcanic assemblage was continuous 

through most of the Ordovician and Lower Silurian (Llandoverian) but 

changed locally into tery thick limestone accumulation by Middle 

Silurian (Wenlockian) t i m e  (Eberlein and murkin, 1970).  

The volcanic rocks that appear sporadically throughout the entire 

Paleozoic section of southeastern Alaska are alkali-rich baaaltlc to 

andcsitic pi l low lavae, breccias, and tuffs  grading In many placea 
i 

into  volcanic eoagl-rates and sandstones. Graptolites from lnter- 

bedded shales i n  the lower part of the section date a succcseion 

I 

of submarine volcanism from different centers d u r i n ~  Early Ordovician 

through Early Silurian t ime.  

Local disconformities and thick wedges of volcanic boulder 

conglomerate indicate repeated uplift t h a t  was in part probably related 

to  &anism. A potneai-argon isotope date of 446 + 22 m.p. on a - 
quartz rmnzonite pluton in Prince of W a l ~  Island (Lanphere and 

others, 1964) further indicates that a period of magma generation 

accompanied the orogenic activity. Granitic boulders in the Ordovician 

conglomerates could have been locally derived from intrueions of about 

t h i s  age. 



In contrast t o  the generally coarsely d e t r i t a l  sediments i n  

southeastern Alaska there is a l i thofac ies  of thinly and rhythmically 

interbedded b lack  chert and siliceous graptalitic shale (member of the 

Point Descon Formation). These racks i n  their litholoqy and foasils 

I I 

I very closely resemble parts of the Road Rivcr Formation of east-central 

I Alaaka and the graptolitic ahales  in  the Terra Cotta Mountains of the 

The Silurian rocks closely parallel the pattern of scdimcntarp 

! faciea established in Ordovician time. Furthermore there doee not 

I 
I seem to  be a promorarced break in sedimentation across the Ordovician- 

I 
! Silurian boundary anywhere in Alaska (Chutkin, in press). 
1 

The best known Silurian rocks are in the Yukon-Porcupine River 

area and in southeastern Alaska (fig. 7) .  Other areas shown on 

I 

Figure 7 near here 

figure 7 from which Sillrrian fossi ls  have been reported hut where  the. 

stratigraphy is less well known are the Liwnaood-White Vountains 

area: the Nixon-Fork area in the upper Kuakakwirn River drainage; t h e  

middle  Kuskokwim area; and the central York Mountains of Seward 

Peninsula. 



I n  the southern Brooks Range, the widely dfstributed massive 

lfmwtane (Skajit Limestone) was assigned to the Silurian until 

Dutro (in ~ r o s g h  and others, 1962) determined that the l a r ~ e  

brachiopods hn the Skajit first thought to be Conchidi-m .---I a 

Silurian guide fossil ,  are really S t r l ~ c ~ h a l u s  --, a cosmopolitan 

genus k n m  only from the Devonian ( f i g .  8 ) .  More recently, a 

Figure 3 near here 

I 
I 
I pentmeroid brachhpod of probable S i l u r i m  age (lhtro, - in Tailleur 

and others, 1967) is reported from limstonc mapped as S k a j i t  In the 

northeast part of the Baird Mountains of the western Brooks Range. 

Silurian and older rocks may also be present in the lav-grade meta- 

I 
I morphic belt in the southern Broaks Ran~e, with in  the t h i c k  Neruokpuk 

I F O N ~ ~ O U  of the fiortheastem Brooks Range (especially since Silurian 

graptolites have been reported i n  close association w i t h  the Neruokpuk 

Formation of the ~ak$ounta ins )  and i n  the Sadlcrochi t Mountsinn 

I where a thick aequencc of mainly dolomite occurs below limestone of 
I 

Devonian age (Dutro, 1970). A single potassium-argon isotope date 

of 475 m,y, on hornblende from a maflc volemlc rock in the Doonetak 

j ?fountain area of the aouth-central Brooks Range suggests that the 

volcanic rock and areociated slate and shale there may be Ordovician 

(Lanphere , 19 651, thus supporting an early Paleozoic age for 

some of the weakly m e t ~ r p h o s e d  nonfossiliferous rock.9 that are 

widely d i s t r i b u t e d  in the Brooks Range. 
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A f e w  c o l l e c t i o n s  from l i m e s t o n e s  on Seward P e n i n s u l a  have 

been r e p o r t e d  t o  c o n t a i n  S i l u r i a n  and Devonian s h e l l y  f o s s i l s  a long 

w i t h  t h e  more numerous Ordovic ian faunas  (Smith and Eakin,  1911; 

Sa insbury ,  1969a) .  Undoubtedly, w i t h  f u r t h e r  work i t  w i l l  be  p o s s i b l e  

t o  separate u n i t s  of  widely vary ing  ages i n  this a r e a  of predominantly 

1 carbona te  rocks .  Work i n  p r o g r e s s  by C, L.  Sainsbury i n  t h e  Don River 

I a r e a  n o r t h  of  T e l l e r  h a s  e s t a b l i s h e d  a r i c h l y  f o s s i l i f e r o u s  l imestone-  

do lomi te  s u c c e s s i o n  t h a t  spans  t h e  Ordov ic ian-S i lu r i an  boundary w i t h  

i no apparen t  s t r a t i g r a p h i c  break. The e s s e n t i a l l y  pure  ca rbona te  rocks  

i n  t h e  Kuskokwim r e g i o n  sugges t  t h a t  t h i s  s t r a t i g r a p h i c  b e l t  covers  

much of sou thwes te rn  Alaska b e f o r e  i t  becomes an a r g i l l a c e o u s  f a c i e s  

a long t h e  s o u t h e r n  margin of t h e  Kuskokwim r e g i o n  (Cady and o t h e r s ,  1955).  

F a r t h e r  s o u t h ,  i n  t h e  Alaska Range, S i l u r i a n  rocks had n o t  been 

r e p o r t e d  u n t i l  r e c e n t l y .  The P a l e o z o i c  sequences  t h e r e  a r e  mainly 

s i l i c e o u s  d e t r i t a l  and v o l c a n i c  rocks  t h a t  appear  t o  be t r a n s i t i o n a l  

and,  i n  some c a s e s ,  s i m i l a r  t o  t h e  v o l c a n i c - r i c h  s i l i c e o u s  d e t r i t a l  

f a c i e s  of  s o u t h e a s t e r n  Alaska.  I n  1969 t h e  f i rs t  S i l u r i a n  f o s s i l s  were found 

i n  t h i s  remote area (M. Churkin,  B. L. Reed, and J. W .  Ker r ,  unpubl ished 

I 

i da ta ) .  They are wel l -preserved g r a p t o l i t e  f aunas  n e a r  t h e  t o p  of a  

I 
I r a t h e r  t h i n  i n t e r v a l  of rhy thmica l ly  in te rbedded  shale and s i l i c e o u s  

s h a l e .  Subsequent ly ,  S i l u r i a n  g r a p t o l i t e s  have been found from a number 

of hor izons  i n  a s t r a t i g r a p h i c a l l y  h i g h e r  p l a t y  l imes tone  and sands tone  

s e c t i o n .  



In the central interior of hlaska and extending across the 

Porcupine-Yukon t r i a n ~ l e  I s  an area of discontinuous exposures of 

carbonate rock of Silurian age. These start i n  the White Mountal.ns 

north of Fairbanks where the 2,500-foot-thick Tolovam Limestone reeta 

on a thick sequence of siliceous clastic rocks and volcanics, the 

Fossil Creek Volcanica, reportedly of Ordovician &Re (Mertie, 1937b). 

In deta i l  the masive Tolovana Lfmestone and dolomite is directly 

undcrlaiYPby a poorly exposed section several feet thick of tuffaceous 

carbonate rack containing tabulate corals in growth position 

(M. Churkin, Jr., R. Chapman, and F. Webet, 1968, field obsemations). 

The tuff grades lower into volcanic boulder conglomerate which ia turn 

lies on a section thousands of feet thick of siliceous clastic rocks 

and pillow lavaa, the Fosail Creek Volcanics proper. 



Farther east along the Porcupine River massive limestone and 

dolomite of Silurian age form high b luf f s  in the lower Ramparts area. 

A thin (100-foot thick) unit of black shale b e s t  exposed at the mouth 

of the Salmontrout River has Upper Silurian (Ludlovian) graptolites in 

its lower part and Lower Devonian graptolites in its upper part 

(Churkin and Brabb, 1967). Similar shale with the aame Upper Silurian 

graptolites is exposed downstream in the Lower Ramparts where it  seems 

to overlie the naaeive Silurian carbonate rocks. Thus the Silurian 

succtaeion dong  the Porcupine River resembles the Ordovl.clrm facie8 

on the Seward Peninsula, being mainly carbonate rock with a thin 

horizon of graptolitic s h a l e ,  Apparently the predominantly carbonate 

facics exposed along the Porcupine River continues 8011th into the 

Charley River quadrangle, where the Silurian section rapidly changes 

I from carbonate rock at Jones R i d ~ e  to the pure graptolitic ahale and 

bedded chert farther south along the Yukon River. The Silurian- 

Devonian boundary in the Porcupine River section as in the Yukon River 

Sectlon i a  not marked by a stratigraphic break in gtaptolite 

succession r . 

Prom east-central Alaska this thin graptolitic shale and chert 

section continue8 eaatward into Yukon Territory where it i s  interrupted 

by a thick limestone buildup in the South I l l t y d  Range and f i n a l l y  

grades into a platform section of dolomite mantlin~ the Canadian shield 

i n  Northwest Territories (Churkin and B r ~ b b ,  1967, f i g .  10). In a 

north-easterly direction from the Charley River area the graptolitic 
shale and chert thicken i n t o  the Richardson Mountains, the type area 
of the Road River Formation (Jackson and Lenz, 1962). 



9 and lo), The limestone itself varies from the light-colored masaive 
- - 
Figurea 9 and 10 near here 

sublithographic limestone that makes up much of Heceta Island (Hecets 

Limestone) t o  the dark thin-bedded argillaceous limeatone (Tidal 

Foll~ation) in Glacier Bay. Locally, t h i c k  lenses of polymictic con- 

glomeratte rich in volcanic detritus, limestone breccia, sandatone, and 

argillaceous rocks arc interbedded with the purer limestone. Most af 

these limestones are rich i n  corals, stromatoporoids, brachlopods, 

gastropods, polecypods, bryozoa, and calcareous alqae. However, 

calcareous sandstone and arglllite (Bay of Pillars Formation) that 

contains Upper Silurian graptolites show that ltmestone deposition in 

restricted areas d i d  not commence u n t i l  the b t e  Silurian (hyuffler, 



Lower and Yiddle Devonian 

Devonian rocke are widespread in Alaska and form a nearly 

continuous b e l t  i n  the Brooks Ran~e across the northern part of the 

state (fig. 11). The nevonian System in Alaska has recently been 

Figure 11 near here 

summarized fox the International Symposim of the Devonian System held 

a t  Calgary (Cryc and others, 1967; Tailleur and others, 1967; Churkin 

and Brabb, 1967). 

In the northern and east-central parts of Alaska the Niddle and 

Paore rarely the Lower D e w n i a n  sections of mainlv limestone and 

dolomite are part of a lower Paleozoic cycle of nearly continuous 

sedimentation that started in the latest Precamljrian or Cambrian. 

Other areas of predominantly carbonate  rock^ are i n  the Seward 

Peninsula and in the K~iskokwim River region where rtlatlvely pure 

caxbenate sections are known to c o n t ~ i n  Devonian as w e l l  as Silurian 

and Ordovician faunas (fig. 11) . 
In addition to these areas, more recent a t d i e s  report the 

following occurrences of Devonian carbonate rock: a do lam it^ saction 

I on St. Lawrence Island that lies below ltmeatone that correlates with 

the Lisburne Group of Carboniferous ape (Patton and Dutro, 1969); 

coral-rich limestone j u s t  south of Farewell in the Alaska Range (Reed, 

oral eommun., 1969 : Churkin, unpuh . f i e l d  obaervnriona , 1960); and 
limestone and dolomite i n  the Sadlerochir Mountains of northenstern 
Alaska (Dutro, 1970). 



Baaides these nearly pure carbonate sections are w i d e l y  

scattered areas of mainly ailiceow detrital and volcnnlc rocks that 

include subordinate limestones with Devonian f o s s i l s  ( locs.  8-13). 

These probably reprtsent a northern continuation of the stratigraphic 

belt In southeastern Alaska. 

The section of thinly m d  rhythmically interbedded dark shale and 

chert (McCann Hill Chert and the uppermst part of the Road River 

Formation) i n  the Eagle area of east-central Alaska seems t o  represent 

an intermediate faciesl separating the mainly carbonate rocks found 

farther north from the siliceous detrital and volcanic rocks i n  south- 

eastern Alaska (fig. 12). This relatively thin ahale and chert 

Figure 12 near here 

-5- Yf Devonian age grades eastward Into t h i c k e r  lirnestone 

in the Nahoni Range-Blackstonc River area of Yukon Territory (Churkin 

and Bxabb, 1967, fig. 10). The Silurian-Devonian boundary in  this 

grspto l i t i c  shale aequence is placed above a magrantus  ni_Lspp-r&- 

Li-fa=- fama of Late Silurian age and h e l m  shnla with - 
Mono_graEu~ yukonensls i n  accordance with modern in terpret~t ions  of -- "-  -- -- 

this boundary elsewhere* Above the shale with - ?I. 

konensis are thin limestone beds with a remarkably varied shelly YE-- 

fauna of Lcnrer Devonian age (Churkin add Brabb, 1967). A t  Jones R i d e e ,  

a short distance north of the Yukon River, these limestones thicken 

markedly. 
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Much farther north, the argillites beneath Trtassfc rocks a t  the 

bottom of n bore hole a t  Point Barrow (Payne and others, 1951) and 

Lower or Middle Devonian plant-bearing shale and chert-pebble 

conslomerate from the Topngaruk t ea t  w e l l  50 milea farther south 

(Collins, 1958) seem to Indicate a northward chan~c of the  Brooks Range 

Devonim carbonate section into siliceous terxi~enaus rocks. In the 

northeastern Brooks Range the largely clastic Neruokpuk Formerion 

may include equivalents t o  these Devonian rocks found fn the sub- 

surface. Hawever, i n  the Sadlerochit Mountains farther north there is 

a thick Devonian and probably older carbonate section ( h t r o ,  1970). 

The Sadlerochit ?fountain eection is difficult to interpret. It may be 

an isolated buildup of carbonate rock or may indicate another major 

bolt of carbanate rocb parallel to those of the central Brooks Range 

( f ig .  11). 

The Devonian of southeastern Alaska, like the underlying 

Ordorielan and much of the Silurian, is m~inly a graywacke,  hale, and 

cbnglo=rate sequence interbedded and intertongued with hasalrlc to 

andesitic p i l l o w  lava, breccia and tuff .  These submarine lavas and 

associated sedimentary rocks rich in volcanic detr i tus  g r ~ d e  rapidly 

i n t o  th ick  limestones made largely of fragmented foss i l s ,  especially in 

Glacfer Bay, Freshwater Bay, and in aeveral places along the west 

coast of Prince of Walea Island (fig. 10). 



A good example of rapid facie8 change I s  seen i n  the v ic in i ty  

of Craig where a nearly pure limestone section about 1,090 feet thick 

(Wadleigh Limeatone) cornpeed mainly of varying proportions of 
at a place  

frrg~rsated corals and stromatoporoide, intertongue8 4 miles to t h e  south h 
with 1,500 feet of bsaalt ic  tuff, breccia, and pillow lava. Several 

dles  farther south this limmtone is entirely abaent, apparently due 

t o  a faciea change into a thick aequence (Port Rcfuglo Formotion) of 

pillow basalt ,  tuf f ,  and volcanic breccia that is interbedded with 

graywacke , conglomerate, and shale (Ebetleln and Churkin, 1970) . The 
only limestone known l a  the aequence is a i l t y  aad tuffaceoulr l i m e -  

atone only s few tens of feet thick. 

The baue of the Devonian section over a large area of south- 
I 

eastern Alaska is marked by a distinctive unit of predominantly 

conglomerate, sandstone and shale, the Karheen Formation, that is 

characterized by redbeds and festoon crorsbeddinp. In the Heccta- 

Tuxelcan Islands area, the Karheen conformably overlies nuraafve lime- 

atone (Heceta Limestone) of Upper Silurian age and according t o  Kirk 

and Amsden (1952) has an Upper Silurian hrachfopod fauna above its 

base. Canodonts (A. T. Ovenshlne, written cmmn.)  and a tentaeulltid 

fauna (C. Carter, written eoamntn., 1969) from these beds seem t o  

euggest instead an Early Devontan age. Farther south the Karheen 

Formation resta mconformably on Ordovlclan t o  Lower Silurian volcani- 

clastic racks and ha8 an unusual assemblage of graptolltes, vascular 

plants, and corals of Lower Devonian age (Churkfn and others, 1969; 

Churkin and others, 1970). 



TJpper Paleozoic cycle of sedimentation 

Upper Dsvonian 

The Upper Devonian is dominated by clastic racks throu~hout the 

State. Chert pebble conglomerate, ssadstone and mhde ( K a n a y u t  and 

Bunt Fork Formatiom of the Brooks Range and the Nation River Fortaution 

of east-central Alaska) derivQd from uplffts within adjacent geosyn- 

cllnsl b e l t s  started a cycle of thick acettarulation of coarse siliceous 

detrltal sediment8 in the interior of Alaska ( f i g .  13). 

Figure 13 near here 



In the northeastern Brooks Range, Mississippian conglomerate 

(Reiser, 1970) unconfozmably overlies the Newokpuk Fonantialt (re~ion- 

ally r~ttmorphosed Devonian(?) and alder siliceous sedimentary rocks), 

and aa much as 10,000 feet of Neruafepuk strata were  remved by erosion 

below the unconformity (Reed, 1968). 

Much farther south and on the other s i d e  of the Yukon ~ h e l f ,  

siBilar coarse elast ic  rocks (Nation River Formation) h ~ v e  a grade.- 

tional contact with Devonian siliceous shale and chert below. Iiowever, 

clastie rocks similar to the Nation River Formation i n  the Livengood 

d i a t r i c t  lie with a marked r~neonformity on altered mafic volcanic rocks 

and serpenttnites, and the basal con~lowrnte has Eraments af these 

iweow rocks (Foster, 1967; F. Weber and M. Churkin, 1968, f i e l d  

observations). This suggests that the Devonian elastic sedlmeat~  In 

the interior of Alaska had a source separate from similar clastic rocks 

in the Brooks Pange. 

In notitheastern Alaska there is similar evidence that plutonic 

activity and synoro~enic u p l l f t  affected the Cordilleran gcospclinc 

at various times during the  Paleozoic (Lanphere and others,  1964; B r a a  

and others, 1966; Eberlein and Churkin, 1968). Branched plant sterna 

and spores are cornman in many of these clastic sediments and ~unges t  

a nonmarine or, more probably, a near-shore del taic  o r i ~ i n .  

Absolute aRe determinations of granitic intrusion in the narth- 

eastern Brooks b n g e  and in other places around the edge of the Arctic 

Ccean basin inllicate that plutonic activity was prabably related to the 
the same mid--Paleozoic u n l i f t n  that produced the  wedge of Upner nevnnlnn 
c l n s t i c  sediments (Tnilleur and others, 1967; Trettin, 19674 Cllnrkin, 1969). 



Carboniferous 

Fossils of Carbaniferaus age have been found in Alaska in 

differmt l i t h i c  sequences ranging from pure limestone to predom5- 

nsntly volcanic mcks ( f i g .  14). Althou~h rocks of Wssiss ippian age 

Figure 14 near here 

are ridespread, rocks of Pmnsylvanian age have only recently been 

positively i d e n t i f i e d  and their knowa dis tr ibut ion  is l i m i t e d .  



The mast continuous belt of ntiss iss ippian rocks in Alaska 

is along the Braoka Range. The Mississippian l a  represented there 

by the Lisburne Group, a 2,000- to 4,000-foot-thick, essentially 

carbonate section that has variable amunta of nodular chert and 

minor ohale (Bowsher and Dutro, 1957; ~ r o s &  and others, 1962; 

Armstrong, 1970) ( f i g .  15). The Hississippian carbonate rocks are 

Figure 15 mar here 

generally separated f r o m  the Upper Devonian conglomerate and sandstone 

by a 100- to 1,000-foot thick unit of shale and a r g i l l i t e  (Kayak Shale) 

that ham saudstone in  I t s  1-t part and l h t o n e  a t  its top 
t 

(Tailleur and others, 1967 ; Brosge and Tailleur, 19JQ), 

In exception, in the Sadlerochit Mountains in the northeast corner of 

Alaeka, the Kayak is locally absent or very thin and ?Tlssiasipplan 

mrbonate rocks res t  unconfonnably on Devonian limetone and dolomite 

and in places on clastic rocks of Devenian(?) age (Relser, 1970; 

Arrnstron~ and others, 1970). Above the basal shale,  carbonate rocb 

progreseively overlap one another to the north, ao that in the central 

Brooks Range they are Lower and Upper Mississippian and further north 

i n  the northeastern Brooks Range the section rangea from Upper Miesis- 

sippian at its base through the Middle Pennsylvanian at I t s  top 
I 

(cf.  Brosge and others, 1962; Arrmstrong and others, 1970). On the 

Lisburne Peninsula, at the west end of the Brooks Pan~e ,  Campbell 

(1967, p .  6)  a180 reports that  the base of the Lisburne may trnnsRress 

4 5 
(p. 45a follows) 



time, becoming progressively younger--Early M i h l ~ i s s i p p i a n  in the 

south to early Late Mississippian in the north. This suagests a 

northward migration of an essentially weat-oriented shoreline through 

much of Carboniferous time. 



Assuming a shallow shelf existed north of the Brooks h n ~ e  

and that the Lisburne Group was deposited In a northward marine 

transgression onto t h i s  s h e l f  a series of facie@ maps have been drawn 

for various subdivisions 6# Carboniferous time by Amstrnng and W e t  

(1970) .  They also proposed the follow5ng depositional model of 

cnvlroments from south to north: starved basin (lime mud and chert), 

j 
alape (lime mud), crinaid garden (crinoid and bryozaan-rich clean 

! 
I 

1 carbonate sandstone), oolite bank, back bnnk (bryozoan-crinaid sand- 
I I 

stme with an increase in lime mud landward), and auptatidal flat 

I (lime mudstone and dolomite).  

I South of the Brooks b g e ,  Carboniferous racks are known from 
I 
I 
I many s d l  areas widely aepareted by Mesozoic roclc cover or whose 
I 

lateral connections are obacured by igneous or metamorphic activity. 

In the Porcupine-Yukon Rivera area Mississippian and probably 

l 
a m  part of the PermsylvanIan (Brabb and Churkln. unpublished data) 

are represented by a section of interbedded limestone and shale that 

fams the rhythmically banded sect ion a t  Calico Bluff. A thin-bedded 

I 

chert and shalt unit of Hiesiasippian age (Ford Lake shale) 1%- below 

I 
the limestones of the Calico Bluff Formation and separates them from 

I 

1 the underlying sandstone, conglomerate, and ahale (Nation River Forma- 

! t i o n )  of Upper Devonian age (Brabb, 1969; Brabb and Churkin, 1969). 

Prc-Permian erosion in th i s  area has removed much of the Carboniferous 

section (Churkin and Brabb, 1967, fi~s, 9 ,  10). 



In the noxthvlcrtern part of the Yukun-Tanana region tharm I s  a 

poorly laKlwn rsqwnce of m i d y  nan&camuuu aediumntary roc& 

incltdiag banded cherts (Livengood chert) that, on the bairn of a 

fw weatterad fornail e o l l r c t i ~  froa ram linmmtow, had beem 

u r i w  to the Hissir*ippian (Mertim, 1937b). The occutraaca of 

01- from ?lertie's belt of "undIffrr*atiated noncllearmow mekr 

of M#i.ripplan age" soggerta that at laart row of the rocb 

prrtirculy coasiderd Hism1mmippi.n arc probably Cambrian (Clmrkln aad 

Brabb, 1965b;Chtukin, 1968 f i e l d  data). b r s  work i a  clearly 

-rna?y in thin structurlly coapla region t o  determine thr dimtrl- 

batiom IOd atratlgraphy of Carboaifsroum rockm, 

Silic- detrital rocks *ad volcanic rod6 auuthweat af the 

YtrLcR-Tanam region b t b  Kai* Hillr area rad i~ t k  -MI 

d r w  (Hertic, 1938a;Cdy rad others, 1955) hmva been qwmtloarbl7 

m a i m  to the Illrris8ippian on the baris of l i t h i c  sia;Llrxity and 

their nuppomd stratigraphic position b e l w  fosrillfaraos P.tli*n. 

k conclumive widance supporting a Carboaifemma age fox apf rockr 

in this v u t  region is known to  data. 



m a  r a  1- Trlan-ltor-m arrr during thm brwaim ra* r 

p w l y  rtartiw w i t h  the Carbaaifarms, -term Urlu ma 

rut rr S t .  I a W ,  tLnte l a  a m o c t l o r  at  k t  1,000 f . t  

L l t W l y  and f d l y  thc Xfa1~mippi.m of thm B m a b  (?at- 

d -, 3969). ha-n, t b  prr*mce on St .  L a w r m  rrrrrA ef 

d o l o d t r  b e l a  the M ~ i m u i p p i r n  L i r w t u ~  a d  8 m t t  m f  - 4, v i b l y  Perrirsr ai l tatsrr,  shrlm, a d  chert * It 
id icatrs  r cZora carrelati= af t b  ~ c t i o n  d t b  rL'-- h tbm 

ma, Coral-bur- 1-tor# of pr~bablr Xlmr%mmlml 

bw )rrr rrportd f r a  th ricinitl, of Cap. mnc* af W d #  at tb. 

r t m  tbrrr bat, reratdirt to him, tbr lirrtau im 8 structaally 

imlatd m d  largely mrymtdlid m m m  d i f f l c d t  t o  correlpt*. fBY, 

in d & l y  mparrtd a r u a  along the far r r r t m r n  .slm of Aluka ,  ma  

f idm 8 prad-mtly lirrtama facie. narth of brtoa S o d  that rim 

tb. rolcmlc-ricb ailicemum d s t f l t d  facie8 of probably partly 

c a n ~ l p l ~ r m r o l l .  y e  L. the Ear# YwLolr-CuaLatair rwiaa. 



In the eastern Almka Range a sarimty of rockn have bean 

qwstiaarbly sselgnd to  the Uisrlsmippi*~ huuae they s- to  be 

r t r~c turd ly  below fos6illferour Permian rocks land l i th ica l lg  reisable 

rocka (Strslnr Formatian) that caatain Msrissippian fosslla in 

p a r r l l d  be l t  nearly 100 milea fmrther acnrth, Thra~ nequenerm of 

qut.riarblu Wrni.oippian age conslat of smdrtoam, rrgill8crar~r rock, 

d q l o a ~ t a t a  that are intarlayerad d t h  prainant  valcaniclutic 

rocks .rd araflc lava flows (Moff i t ,  1954). Ltmemtone is rslrtirrly 

rare in the rectian, a d  dl roch h m  barn altered in vrri- degrm 

by l a  grade rrgiondl #t-rphim, S o u t b s t  of Fairbanks an the 

north ridm of tha A l n a h  flanes the tabulate cord SyrSnroporr, fuund 

in  thm Totatlanib Schist ,  sugp8ts  a port4rdwician, posaibly 

EUsuinf ppian, age (Wahrhaf tig , 1968). Accordlug to  Wahrhaf t3g the 

.chL.t in dari- mainly from volcanic rocb.  Hinor interbeddad 

fonmilifarous limestone lan~es Indicate a submarine origin. 



$bath of the Alrrh Range the Strelns Forautiun, orig%nally dated 

as Mitmmin~ippian by corals and brachiopods, ie expoeed along the 

Chit ip.  Valley meparating the Wrangell lhmtdu* frolll the Chttgach 

Mom~taInm farther eouth Wffit, 1938) .  Tha Sttelru Formation 2. 

carpla of p6an8taru (bedded b a m l t i c  Iavae and tuffs) tnrerarratlfitd 

r i th  u g i l l i t e ,  grarprchist, chart, rsd minor f~ i l l fcromm that 

is a s t i u t e d  t o  be in excrra of 6,500 fmt thtck; neither it. top nor 

b u r  La kaorn. Work in progrsrtm by E. If. Et-tt, Jr. -ta that 

the fermtion hra Permian brachlopods in ita type raction. hrtbrmrc, 

t b  m r a l  stratigrphy of thr Strelna, although it I s  mom rrtaror- I 
phomd, resemblor parts of the Permian aect lw s u r b y  (E. If. m a t t ,  I 
Jr. ,  oral cotmun., 1969). S b a t  hig4er gr*& quartz-iu achlmtm I 
md &ibolite aehlmt~ (tha Klutiaa Seriaa, and tha Dadlnr S e h l r t ) ,  

r*rt .nd north(?) of the Chitinn Valley, arm carrelated with t b  



?a mwaral parts of the Alexander Arehipelaga of meuthemtern 

Alroka there are volcanic-rich sequancru aimilrr to those i n  the 

Chit- V a l l e y .  Theme m the m a t  umthrly exposures of Carbon- 

ifarow roc& in Aluka .nd a n  mrp*clilly important in t h e  rlm rocLS 

arm ganerallp not altrrd md contain ven a b d a n t  ahelly foamils 

that pmit  d r t a i l d  eomlat lone In an araa of rapid faclem cbangaa. 

W i t h i r  moutheamtern Aluka the northmrly expomrem of N i r r i m m i p p i r a  strata 

aauth in the kh Strait area the Him#iasippiam and Pmarplvadm 

ractioa $6 l-taar with volcanic md chart h e r s  in itrr lanr 
I 
I 

part ( h f f  lsr , 1967). S t i l l  farther south in the Craig-KlrrrrL and 
I 

S m - S h e l l k o f  X m l d  arras the Hmsimmippirn and Psnnaylvmirn Bee 1 I 

rmp,nranted by a mid9 liw~stone ocetiw that has chert in itr h r  

P e a n n y l v a n ~ ~  rocb have not been widely recognized in N u k r .  
I 

In the Brookm w e ,  Pennsylvanian fscmm~ havw bean recogni+ecl only I 

from the upper prrtr of thm Lieburne Group ( ~ r o a ~ ;  and othsrr, 1962; 1 
Arrutmng and m t ,  1970). Recant swppfng i n  the Yukm River are* I 

(Brabb and Chrrkin, 19691, co&incd wlth palmntalalqic*l mtudiss from 
! 

the upper Cali- Bluff Formntion, auggemt that there are a few placeu I 

in wr-canrral Alukm rham Psnar~l1rmb.n  rocks occur. Hwmver, most 1 
I 

of the P ~ y l v a n i m ~ r r d  a large part of the lUa8iasippian In east- I 

central Alamka h a r r h  m e d  by -ion ao that Famian rrtrata in I 
i 
! 

many placer rrrrt uneonfomably on rock8 af Devonian age (Brabb and 

Churkln, 1967) .  I 

I 
S 1 



tmrther ~ m t h  In the Rainbw Fbuntrin axma of the Almka &age 

a thick 8 t l c c ~ ~ ~ I ~  (&out 7,000 fs*t thick) of ~ 0 l c - i ~  gramcke, 

tuff, 8iltrton*, and l iua tane  of Pmtnmylvanlrn age haa braa r w n t l y  

In contrast to a t  of Almh &era Pmmsylvmulan foasilr arm 

umtm Alaska arm r-grrird by rich dm1 1 J frtrnu i n c l r t d l ~  am 

mbdmnce of f w d i n i d m  @utro and Paaglaas, 1961; Wuglwm, 1968, 

wrlttaa -.I. The Pannuylvauirn rock* in mouthraatem Uuh 

the w e t  uide of Prince of W a l e m  faland (Ebcrlrln and Churkiu, 1970). 

T h q  8- prdadnmtly 1-tonr d t h  varyins must# of r10Ud.r chart 

.rd rantala m o m  chart a d  quart2 detrittm.  



Permian rocka are kneun frcta e8mmtially dl the r t r u  in Almka 

that coatsin older Paleezaie rock8 (f ig .  16).  Sward Penin.tllr. ubra 

Figam 16 near hen 

?a& hcs not bum rqmrtd to date, 50 a wt-rthy exemptiar. 

In guard,  P e d m  medlllrcntaticm throughout muthemtarn A l a d a  

(hffler, 1967; Ilrrr, 1968), the Wrmgell IQmntrinm (Smith al 

kcLmrt, 1970). d the maatern Alamka raag4:licht.r, nit- 

M., 1968; mtt, 1969: P C ~ O C L ;  1970) closely paralleled,:lhc pattern that  

d- in the Carbonifcrow of depomition of mquencem rich fu 

volcraielretic and volcmlc rocks, In eddition good Pennlaa faumam I 

arm b#m f r o m  the laver Yukon-Ku8kokwI.I rn-8 of ~~llthwestmrn UULI 

arm formiliferoum 11-tones 500-1,000 feet thick are k n ~  to  grade 

mtrrtigraphically upward into mafic lnvm md tuffs orar 4,500 fmt 

thick (Xertie, 1938; Saith, 1939, p. 33). In the C o o d m  Bay ' 

d i s t r i c t .  on the c o a t  of tbe W n g  Sea, Peralan brachiopda were 

first reported (Slrith, 1939, p, 33) from liarstone aseociated wlth r d  

and black alate#. Submaqusnt -pin8 there hdic8tes that the Perminn 

limestone grade. latarally I n t o  greetmtone (Hoar* mud Coonrad, 1961). 



agglarrater, and flma is kuewn from a tiny lrlet off Cap. Kekufeoi 

on tbr 8outhe.st ride of the hlamka Pmbmula dppa8ite b d i &  Il land 

(ma, 1957). Thin inolated eqoaure of Permlar rock i* ampratad 

from tbm neareat Pllratoic r& in tlm b k o k w i m  arm by m r  

h~ndrrd miles of n*.oroit aad Quaternary cover. 

Even mre lrolated than the Perrirn L i w r t o n a  at Capr -5 

tr t& report of P-1vani.a or Pamian plmtta from Ad8k I u l d  in 

dm d d d l a  of the Alratim Island are a t h o w d  mlles to tb. mt 

( h t m ,  1956). The p1-t material -i&ta of about a d a m  -11- 

mrr*d led irprwmionr in fine-grained rolcnaic srad.tsrr  

~ U e r d  by Cant# u part of a largely baralt tmlt that 1. ririlar 

%a rl)ur.anca to the Tertiary and Quaternary voltanic r o a r  thrlt form 

=st of ths Aleutian Inlaad8. In n! attarpt to explain this miqus 

oeurrmm of Plrlaorolc rock %n the Al8utiap. the plaat loerfity ~n 

bdrL Is land was o t d l d  and the aandatone matrir r m r r o u n d l ~  the 

plant. wan fotmd to  - t a b  a b d a n t  pollm d .ors pslecfpodn that 

arc dirgmomtic of Tertiary age (Scholl and other., in pream). It i m  

concluded that these p l m t ~ ,  d t h w g h  rraaxkably siailar to  Pal .o+oic  

species,  are Tertiarf. 



Xa the ltatu Xligc~.-KeulmhrL Bay area of th. appr Alamlu 

b r r c c i u ,  m d  tuff8 that have bean qwtionrrbly esrignd by mriorr;. 

amthem t o  the Pe-Trin~mic ( B d ,  1965). In thwc armm, moqmacea 

of slate, g r m y w k ,  chart, snd polcmic rock of ambown m n  to 

be older th*n the prddpl lp t ly  volcaric maqmuem u n d e m t h  the 

Trirrrlc lmtsw. Conndersd r t i l l  older, prebrbly P a l h e  ar 

Pxrcrrbrim, i r  a m e t w r p h i c  cap la  of marble, rchist ,  m m ,  and 
I 

qmwtsite. 7.a- m i t i c  batholitha that have reconrtitutd rrrch of 

thm n#tu in the are* are kamn to  be Jurassic md some a t r  ol jouns r a  

I 

late Cntrceour (Rnd and Lauphare, 1969). Thum, m a m e  of the -re 

metwrphueed rock., p r e s d  to  be the o ldrs t ,  could be an m g  u 
I 

aarly Woroic.  'Lhe alnglc exposure of for8ilifrroam P e r d a r  at Cam 

-1 auggutm that detrital-volcmie rock frciaa of mwthmantsm 

Aluka extendad d u r i q  the Upprr Pdcozolc into what 18 nov part of 

the Alaetu P e a i n m ~ l a .  



M a r  ro& m widely distribatod ia th. Vrmge11 Ibmtdas 

a d  adjacent par- of C d a  Wfflt, 1938; and Smith 

1 r r c b s 6 d  ssqwmce ( S b l r i  h a p )  orsr 8 , W  feet thick of mb- 

b d t l e  f l m ,  brecciu, a d  tuff. tbt are intlrrbrddrrt with 

Cliff-forming r u a i r r  1-taar aur  tbm tap of th mequawe a8nmi.t. 

d p l y  of f r m t d  mhelly fommllr that irdiutm 8 Perril lr d 

probably Early P a r d a n  age. Ag. data are lacking on the -1yisq 

w 1 E e  flwm m d  *~lca.nicf=tl~ W. The bas1 of the 8- has 

not b+cn recogaid, but If the nom hi&ly mt.rrorphoscd rsd &fo& 

meb (Strrlna Pomntioa) in the area a n  a c t d l 7  Mmslrmippia in 

age, tbta thin muggcsta that n rtructurml diaoontimrity seprratu tro 

msqrrrrcm of diffmtsnt lrtmrphic grade OhcUvmtt, oral comun.) .  
' 

b e a l l y ,  the Sko1.i Grattp is omrlah d i s e o a f o e l y  by Hiddlm 

Trimmie mtrata a d ,  rrra extcpslvely, by the ?tlkolal Grarartoae of 

Late Middle and/or ..rly h t e  Tr1.uic .ga (Smith and m t t ,  1970). 



Farther ~ o r t h ,  i n  the upper Copper R i v e r  valley and eastern fiub 

Range, t h e n  is a Permian eection characterized by an abundance of 

volcanic rocks interbedded v t t h  calcarcoua sediments (Mendenhall, 1905; 

Edoffit, 1954). In the vicinity of Mankolasn Lske, (type sect* of the 

M*n- Foxmation), the stratigraphic sectlon, mainly argfllaamms and 

eandy adiments about 5,000 feet thick, includes a series of anmsive 

li&sr+one lenses up t o  500 fact thick (D, Rlchter , written -. , 

1969). Aceoxdina t o  Richter, rhtst rocks are camfor~ably underlain by 

200-1700 feet of fine- to coarse-grained volc~niclastics that eamtrin 

Permian corals and fwulinids ,  and these rocks in turn are undsrluin by 

andesitic lavas of Fennuylvanian(?) age. Overlying the Yankoawa 

Formation 18 a section, about 5,000 feet thick, of aaggdalaid.1 basalt 

that has Permian brachiopodm i n  massive reef-like ll.sruwatones, Strati- 

graphically higher are Triassic and Jura-Cretaceous strata that rest 

on the Pernian lavaa wlth angular unconfomity. 

Farther w e t ,  in the Rainbow ?fountain-Delta River area of the 

Alaska Range, the P e d r m  section is characteriscd by volcanic and 

marine sedimentary s t ra ta  rich in volcaniclastic detr i tus  (Rovatt, 1969; 

Petocz, 1970). As in the Permian sections near Hankmen Lake farther 

east, richly fossiliferous limestones occur in the upper part  of the 

section, and the lover part is mainly vo1caniclastic rock latexlayered 

with arp;illaceaua and graywacke 8cdf-nte. Detailed stratigraphic 
studies in t h i s  part of the Alaska Range, coupled with mtudies of 
coral faunas (Rowett, 1969) and of fusulinfd faunas (Petocz, 1970), 
rrske this section an important reference point  for Permian correlations 
not only in Alaska but with sections that have similar boreal faunas 
in U.S.S.R., Canada, Greenland, and Spitsbergen. 



In the Nation River area north of the Alaska Range, the ?armlam 

is raprwented by relatively pure, massive limestone--the T * h W l t  

L i P w m t a r .  The T a h k d i t  is only about 350 feet thick and ham 

g lmcodt i c  sandlrtone urd chert-pebble conglomerate at ite b m e  whem 

it unconforrnably ovrrlies the T1atlon Rivet Forartion of Upper 

age (Brabb d Churkln, 1967; Brabb and Grant, in praru) . 
b e t r n  uent, and rmrth of its type area near the mouth of Hatien Birrr, 

the T.hksndit btachiopbd fauna is fomd In limy interbedm that m 

part of a predominantly d e t r i t d  facice of chert-pebble c m r r t * ,  

eandstome, and s i l t s t m e - - t h e  s t t p  caagl-rate (Brabb and ChurUzi, 

1969). Permian brachlopodn are also known from limestone b a b  in 

prrdodn*ntly argillite sections expescd in t h e  upper Black flivor, 

rorr 50 dies north of the type Tahkandit (Brabb, oral camun,, 1960). 

S t i l l  farther north, on the Porcupias R i v e r ,  several h d r r d  feat 

of -7, ptaductoid brachiapad-rich lltaestona with rainor a h d a  and 1 
chmrt interbinds of Carboniferous age is overlain by medium-dark-gray 

miltstane with rare c d r ,  brachicrpads, and caphalopods of Parmiam I 
age (Brosgd and others, 1966). 



At: thm m a t  dgm of tlm Y u k m  ?latm, mr assarrblagc of b u d t i c  

f l m ,  tuffs, and breccia. iudtding mall- unmra  of interbrddd 

chert, shalt, and ud.mr--the w a r t  Group--hm beem amsigmd m 

tbr Xbairm1ppi.a on thm ba.1. of a fw b-0- from a 1- of lhe- I 
1 m m  q-tionably within thm volcanic saquencr or possibly frol a 
I I 

oollatioar, an d l  u the old collrctioarr, r h m  that thi .  l h t m a  

bad i. within the velcmic ucqrrcne md is -re l ikely to  be P e  

rutantrd *Ilrka (T8hkundit Lirrstone) .ad in wuthwmmtrm Uuh 

(Clrrlr Group). Hornblende from gabbro that seam to intredr tb. 



I p w w m  rvck mirilar ta thon  of tb llrpert &up but with r 

orullmr proportion of amrodatad m8d-t.v rock are f o d  farther 

I e u t  in the Crmy ~ r m t r h a  .ad in tb. vicinity of Circle rlory the 

umth d g e  of the Yuhn Flrrtr. Y h s m  mid7 flne-grainad 

rocb of b u a l t i c  -ition mrr dmacrlbd by k x t i a  am th. Cfrcle 

I Volc8mlu md correhtd om thm baain of l i t h l c  mimilarlty with tha 

I m t  Group (Mertic, 1937P,p. 127-128). A potumlum-arm lrotopr 

I datr at barnblmdm from thr Circle Volemica I. 220 ray.  (M. -, 

I writtmn -., 1968).  Thir in 8 Trimmic date that clomdy 
I 

-0 to thr 205 r.y. age of g&bm that to int- r m  

I t 
wl-c roct;r (Brae- .nd ether., 1969). h-tic aarrJr  imdi- 

I 
I eatm that i- r o c h  underlie l t l ~ h  of ths Yukon Flats d q e + t  

I that t b  Cfrcle Volunlcs continue mat  v i t b  little intrrrrrrptiorr rad 

I poamlbly connect up d t h  the R.rplrt Croup m l u a i u  

I (Brosg4 and others, 1970). h r e  recent work i n  th18 8- 

indicatee that tha Circle Volclnlce in their tfpe utr along the Yukun 

Rivet .nd farther waat in tbr Craxy Hountainm do aot ham t-1 or 

structural characterirticm that are cnrclwivaly volcanic (Charkin, 1968, 

I unpublished f i e l d  dmta). The Circle Valcsnicm, like the volcmics of 

the w a r t  Group, u a  reported t o  hawe arny miliceour sedimentary 

roch iatarlmyermd with them (lhrtie, 1937b). Bawrmr, am srrainrtian 

of the beet eqmmsrm of Circle VolcrsIc8 in contact with mdlmentrry 

rwkm idicatm thmt the nwlr.nicm" have vwry fin. grained chi l led 

I uargixm sad that the m d m t a r y  rock., minly  a r ~ l l l i t s s  and 

I quartzitic s*ndmtmmr, next t o  t h a r r e  re-cr)~tall~+ed ro  that 
I 



argillsnour aediraPtm m rpotted slatam (Churkk, 1968, f i e l d  data). 

Fur-re, the C i r c l m  Volc.nicm l a  dr ta l l  b e  cronr-cutting 

d t l a a c l  with th8 rdlmentary m c b ,  and f r a m t a  of the Hdfmmtrv 

roJr h . n  be- i-qmratd into tbm lntruaim rocks, %n phmm 

m & l q  up large 8elvu88. from thur comtacta ths C i r c h  

Volaamiu u s  d i r b u u  or unrm grriP.8 gabbrcm that ate -17 

porphyritic ad, in placem, h riPrtmlogieal layering. "I- all 

thmu f ~ t u r ~  Uti) rcoant ,  1 believe the Urcls Voleaniacl arm mt 

lrry but $atrwive rock6 of probrble Triammic w.  Uhat.rrr the mge 

of the Circle Volc.aiu, upper Pdmroie or Triarric, thmir introrive 



P-m rocks ate Padsly dgstributed a l m g  the Brooka Raage 

(fig*. 15 and 16) and are generally represented by only a few hundred 

feat of argillaceous rocks, chert, sandmtone, and conglomerate of the 

Sikalkpuk snd the lower part of the Sadlcrochit Forarationa (BrosgA 

and othmrs, 1962; Bowrber and h t r o ,  1957; Patton and Tailleur, 1964; 

Campball, 1967; bctterran, 1970). Tho Sadlaroehit Formation is the 

main memoir rock in the Prdhos Bay O i l  Field (Rickwood, 1970) 

(fig. IS). An a m a i d  hiatw rspreuenting mrch of Psrmaylv~atan tima 

separates theas Permiun claatics from the Lisburne carbonat* rockm, 

but t h e  Rap decreas~. towards the northeastern Brooke Ramgr where 

tho Lhburne ranges upward Lato the Middle Psnn.ylvaaian (Arrstrong 

and atbra,  1970). A l l  there Ptrmlan clisties la turn are averlrin 

discoafomably by the thin aeqclence of oil shale, limestone, and 

#Iltletdma of the Shubllk Formation of Tri~sslc age (Brosgk and othen, 

1962; Detteraran, 1970). 

A notable exception t o  this general etratigraphic sequence of 

Upper Palwzoit rock is the e n i p t i c  rection of Mieaiaaipplm mid 

Permian arkoaic sandstone and l h a t o n a  of the Nuka R i d g e  area on the 

north slope of the DeLong lbuntains (Tailleur axid Sable, 1963; Tailleur 

and BrosgC, 197'3). 

Up to  t h i s  point, the paper has attempted t o  summarize the 

stratigraphic data mailable m Palcoroic and Precambrian rocks In 

Alaeka. The remainder of the paper that fallows attempts to interpret 

their tectonic significance and their role la the structural evolution 

of Alaska. 



Thr Tlndir Croup of ust-cmtral Aluka, tha only drfsnita 

I PrrcrrLrian known I n  Alamka, in at  the northwest end of a 1- bell: 

of late Precambrian 8tr8ta that nmr m t h  8cromm Yukon Telritary a d  

B x t t i . b  Columbia into the northern Rod7 Ebmtdar of Alberta, 

I Wamhington, and Idaho. Th better expmmd mectlmm of theme toeb 
\ I 
I 

i m e  t aw  of thouamdm of feat. The Brut thiclrarrr of m e d h m t m ~  

rwlu (Including minor basaltic 1-8) that rrr d i u t r i b u t d  I 8  t h i m  

l e q  b+lt indicate8 8 u j o r  cycl8 af d i w n t a t i + n  of gdosfndirrS 
I 

propu+tionE. 



#a regional rmcbnforrsitiea -re found within the Tindir Group, 

and i t  meems to be accordantly mcrlain by fassilifrroua Cambrian 

rocks. Farther ta the sotlthnmt the tops of both the PurcaU and 

Win&-re Series of late Precrrbriaa .ge (belt Beria8 in  u.S.) thrt 

may k correlative with the TWir a m  mnrked by unconformitiee. O*sr 

l a w  airam th-e tmconforwitl~ are ill definad, but their rxlmtmace 

h a  beat pmvmd by rmgiorzal n p p i n ~  (Tatem and others, 1966). fa 

Protmroroic separates Purcell rock. from tha m x l y i n g  Wiadexrrmr 

r m  by eroeion balm the Cambrim. The Tiadir  f a  correlative with 

a still undetermined part of t h  Belt Sarita farther aouth, Palmmnto- 

logicrl. rtudiea of mtrollatolltes (laminated alml mtnaetureu) from the 

T i d i r  .uy further define tha age of the T i n d i r  and permit el- 

corrrl.tion with the Belt Serler farther swth,  # the anr hmd. and 

on the ather with the rtrautolite-rich Late Pttcrrabxian roch of the 

Siberian Shield farther wt. 

The brse af the Tindir is not known, but occasional boulders of 

granitic rock and gnatma in the Tindlr suggest that an earlier Precam- 

brian igneous and w t . ~ o r p h f c  burpant  is no+ far away. U p l l f t o  of 

aretmaorphoacd rock in the central interior of Alaska, particularly the 

Birch Creek Schiet, huvm been portulatcd as rrpresenting earltax Pre- 

cnmbrian. K/A iaotope dating, harsrer, has not vmrified their Pre- 
cambrian age. Prelhinary Rb/Sr lsotopa dating of schiata in the rsaw 
area and in the Seward Psbinuula has producsd 8 number of Palkorolc 
and Precambrian dates and there now app*arm to be -re hope of 
unraveling the pro-Meroeole met-rphic history of Alaska. 



Cldrian through Hiddla Dmvonian rocks I n  east-nntrrl Alo8ka 

ara part of a cycle of marly contiamus redimtat.Lon ( C h u m  and 

B d b ,  1967) ( f i g .  1). Elsewhere in the interior aad northern parts 

of U k m ,  Devonian and in places Silurian and Ordovician rarb have I 
b raportad f r a  t ntabar of widely maratad are-, Unfartmmtcly, I 
ao+t sf these rtratigrrphic mccsaoioru are etructurally colplu ud 1 
inc~qlate .  Cabrirn r o c k ,  altbatyh hbam with certainty df fxa 

rut-tral Alamka, probably occur in the Alrska Range (Charkh d 

a#d, 1969, f i d d  data) and in Sward P e n i d a  (Sainmbury, 1969)). 

Wrn elaatic d.poaito of kt. Devonian age in  uut-central Almnka 

d ef h t a  m i a n  m d  Uirrri~nippian age in the Brooka Range indicrte 

indirrctly aourc*. of argillite and chert probably of early Paleozoic I 
aga within the Cordilleran geoaynclina t o  the 8011th a d  frun tba I 
mmcmmtral Brooke geamfeclint in the north mupatctiraly ( f ig .  12). I 
18otopr age determinations of granitic rocks arumid the margin of the I 
Canadian Baala (fig, 13) i a d i c l t e  a period af iatruaiap probrbly I 
related t o  the s a w  mid-Palcotoic orogmy that produced these clamtic 

rredge deposit. md wad# the end af tht  lawdr Ptleotoic msdirmtation 

cycle. 



C#dillexm geomgnelinr.--In smthautera Alaaka where fnwar 

Palsowit mkm arm sxpomd i l q  the pmarat ~ontinsatal -*gin, 

aedi-u+ltion was s r r e n t i i l l y  continuo118 from the Lmex OrdorLcian, the 

o l d u t  m& in the m r u ,  into the Dppmr Silurirm (fig. 10). The high 

proportion of volcanic d wlualclartic rock. together with wnglar- 

er r tw  of mixed ed.lp~sitim, *wid faeiao chrrrsu, and local dlmwn- 

forritlar in thin rcctim imply rapid mdiw,ntatim in  a t 8 c t o d ~ 1 U y  

rctivm area. In the early Dewniaa r widmapread aequence of t a n f e n  I 
clantic xocb including red badm (Karhean Porntion of *rletn I 

and -, 1970) -8th a significant break in a d i r w t a t i o n  within 

thr rrwthamtem Al.*k* part of the Cordillraran gwayncline ( W h i n e  I 
and athers, 1969; fig. 13). This 8- canglolrcratr ha# been ea- to 

be a t i l l i te  and h.rr b a a  cited aa &dance of Paleozoic glacirtion 

( 191). Harrrrr tha latent work h~ riot rmrarled any dam to 



Thin t o  vary thtck lenticular biogenlt llmmtaner of Silurim 

and brroairn age occur in the section of the Cordilleran geesyncline 

expo~ed In  eoutheaatern Alsska ( f i g .  10). The high proportimu of reef- 

build- corals and strumatoporoide in these limestones suggests that 

nurby reefs were periodicdly fragmented t o  prmide  the enonmum 

Willoaghby 1-atone of Si lurlrn age in Glacier Bay and In lhvmirn 

1-tons at sevarrl places on the wemt coast of Prince of W d u  

Iuluad #mall patch r e f a  with coral and strmtoporoid skclatoarl 

p n r . r r d  ancrwrting asch other in growth poaitioa, In m a t  af these 

1 - t ~  a nrarmhors ahallowrater envirornrnt of deposition 1. 

ind ica td  not anly by the shelly fauns but also by stramatoLitic al#rr, 

intra-formational brecciae and oolitic l ina~tonr. In row# of thm 

l i u m t s n e  thick 1crasm.of breccia and conglmermte rich i n  raluaie 

fryrw~ts suggest devalopaosnt of the Ifmemtcras around volcanic canterm 

and ether pminancrke on the aea floor. 



Lower Pa leozo ic  rocks  of t h e  c o a r s e  d e t r i t a l ,  v o l c a n i c - r i c h  f a c i e s  

of s o u t h e a s t e r n  Alaska axe known f a r t h e r  s o u t h  i n  the San Juan  Islands 

and i n  the n o r t h e r n  Cascade Mountains of Washington (Danner, 1966) and 

i n  the Klamath Mountains of n o r t h e r n  C a l i f o r n i a  ( I rwin ,  1966; Churkin 
I 

and Langenheirn, 1960).  From s o u t h e a s t e r n  Alaska t h i s  p a r t  of t h e  L 

C o r d i l l e r a n  geosync l ine ,  r i c h  i n  v o l c a n i c  rocks ,  probably cont inued 1, 

westward and may have connected w i t h  s i m i l a r  rocks  o f  t h e  Pa leozo ic  

geosync l ine  i n  the Koryak Mountains of Nor theas t  U.S.S.R. (Bogdanov 

and Tilman, 1 9 6 4 ;  B e l y i ,  1964 ;  Egiazarov and o t h e r s ,  1965) .  I n  south- 

c e n t r a l  and southwestern  Alaska,  poor ly  known and s t r u c t u r a l l y  complex 

t e r r a n e s  of d e t r i t a l  sedimentary  and v o l c a n i c  rocks  t h a t  contain some 

f o s s i l i f e r o u s  l imes tones  a r e  p a r t  of t h i s  C o r d i l l e r a n  g e o s y n c l i n a l  b e l t .  

These widely  separated sequences probably are p a r t  of a s t r a t i g r a p h i c  

b e l t  t h a t  more o r  less rimmed t h e  n o r t h e r n  P a c i f i c  Basin and t h a t  now 

i s  l a r g e l y  b u r i e d  by younger rocks  o r  obscured by r e g i o n a l  metamorphism 

and p l u t o n i c  a c t i v i t y  mainly of Mesozoic age ( f i g .  1) (Churkin, 1969).  



A thiek earbanate-quartzite sequmce (Tha Mlllard miogemynclinll 

belt of Kay, 1947)  should theorrtically l i e  north of the volcralc-rich 

a u g ~ ~ l i n a l  b e l t  of southeastern Alaska. Except for the thick 

carbomatc rocku in the Kwkokwia Rivar region of muthwcerera Ahaka 

(Cadf and others, 1955; Sainrbury, 1965) and possibly in Seward 

Peaiada (~ainsbury, 1969a) thick sequences of pure carboaate 

rock art virtually m m  in crntral Uuk* (fig. 1). H c r v l r s r ,  in 

part6 af the Alamka Itrnge limatona sectionm empecinlly those of 

m r n  age hat. been w o r t e d  (Moffit, 1938; Erooka, 1911: 1. b e d ,  

o+rl  -. , 1968). T h w  

imolat*d limestune WHI are inlierm surratmdcd by p r c d m i m u t l y  

tr- roclu and probably repraoant biogeulc limeutop. b u i l d u ~  

in a p r e d d a r n t l y  claatic section as do the miailar 1imestop11 in 

emthmamtrra Alamka. In the Eagle area of -ral A l e  

Paleosoic sadiaeatstion mtarted with the dapositiorr of thin Cambrian 

lirrstwe conformable on late P r e c d r i e n  strata. Rapid changes ia 

l i thofacien,  the premencc of oolitic iatr8formational boulder md 

edgewiae conglumeratc, rich trilobite, brachlopod, and archeocjathid 

faunin ruggcst a shallow--vater turbulent mrine environment for the 

area during most of the Cumbrian (Brabb, 1967). 



In contrast to the generally coarrely drtrital rocks in eouth- 
< 

aaet8ra Alaska is a thinly and rhythdcl l ly  Interbedded black chert 

and a l l i c ~ w  shale llthofac3ss in sret-cmtral Alamka that h . ~  thin 

intrrbdu and partsngm of graptolitie shale (Churkin and Brabb, 1965r). 

Lowar Ordovician through Lower Devonian, a span of about 100 . l i l iSoa 

yearn, reew to be represented here by d y  900 feet of accticm 

wltbort arf e l @  of 8 mip~lfficmt stratigraphic brerk. This morually 

thin rtratigraphic rsct im probably rrpremante a long period of *low, 

-ar sedimentation. T h u a  m i l f c e a ~  r o b  continue eemt into 

northam Yukon Territory whem they thicken to form the Richadma 

Barnin (Jackson and L a ,  1962) . A mirilar graptalltic a h a h  atetian 

that y . 1 ~  rpaum ro*t of the Qrdwician rad the 1-r S i l u r i m  in 

laas t h m  8 1,000 feet of arction has racently been found in thm 

Alrrka Bsnge soothsamt of Farem11 (Charkin, R m d ,  and Kerr, 1969 and 

1970 f ia ld  data). Similar, but In places reportedly much thicker, I 
aeq-a of chert &nd graptolltlc shale, which in addftian crwtaia 

minor mounts  of p i l l o w  bsoalt ,  characterize the Razsr cugeosynclinal 

belt of thm central Gr-t  Enmin that lies batwean the volcanic-rich, 

coarsely darrital rock8 in the M-th HDuntdm and the preddnant ly  

carbonatc-quartzite racks of the mio~eooynclinc i n  the eaatern Great I 



Yukon Shelf and Richrdmaa Barln 

The predominantly llmdrtonc and dolomite facisr of the Silurian 

and tlm Devonian cover large a r e a  across the central part of Alaska 

( e u t u u t r a l  Alaska, part of mouthwe~tern A l d a  and Sward Pmnimula), 

.ad m e n d  north Into partr of the Brooks Range, These rock#, 

emp.cially In east-central Alaska when they hm b r a  m o ~ t  thoroughly 

mtdZad, m e e m  to ba thin shelf carbunat* depoaita that bordered tha 

Cordillmran ~aorfncline on thm north. The coumldtrably rhinmr 

s i l i m  shah8 that separate these two contrasting sequnaerr e m  t o  

rmpmment a thin bat: nearly complete stratigraphic sequence t-I- 

t i d  from the shelf carbonates on the north to the atlnly emrsr 

detritrl rockr vith abuudant interlapred valcraic mckm in tbe rwth. 



In the w t l y  Palsoroic, sad eopecially during the dspomitim of 

the Rod River Famation (Xasnr Ordovician t o  Lrmcr Devonian), the 

r i t e  of the Rlchardm~~ %untainm in  northern Y u k o n  T e r r l t a q  #r m 1 
m a  of a c c d a t i a n  of thick graptolitfc nhale, b d b d  chart, m d  

argill.ccocla l i # m t o n e  (Jmcksm~ a d  Lann, 1962). The area of R o d  I 

Bfe&rdmon Mormtripr in Early Ord6viei.n tiac to include mt of Y b  

Tm-tary by the m d  of the Silorim (Horford, 1964). A t  ttrr m a m  

tiw, lwmver, thin ahelf limuatonea lnterfiagexlng with thin 

m- of grmptolitie mhale were forrhg lmterally o r r ~  tZI. r w t  

I of ~orthera Y b n  Territory and castern Alasiu (&=kin d Brrbb, 

1967). Thtm the Mehardman l h n t a i ~  b u i n  &mi- the P d a e m i c  wam 

I not a northern extenmion of the Cordilleran pmmyncline (Martla, 1961), 
I 
i 

1 am Jilctrky (196s h u  already 8hm,  but warn narrow b u h  that 

d-ep6d within the Y d o n  Shelf (Churkin a d  Brabb, 1967). In 

coaclwion, during the Early Paleozoic, the Yukon Shelf in east-central 

Alaska a d  possibly ntending farther =at across the center of Alauka 
I 

I seema to  have asparated two diatinct geosyncliaal belts, the Cordil- 
I 

leran ~eoayncllna fn the south frum the hcemtral Brook. geoaynclhe 
I 
i on the north (f ig .  1) . 



Aaeeatral Brooks gaawfnclir#.--In the Brooka Range nnd 5n the 

North Slope, few rocks have baan firmly dated aa pre-Middle Ikvoalan 

(pre-Skajit L i m e s t o n e ) .  However, in the southern Brooks Range and, 

I umre eartainly, in the northerstam Braoka h u e ,  t h e n  are thick 

saquenees of weakly mtawrphoud,  pndominantly siliceous rock# of 

I pr+-L.te m n l a n  age (Brorg&, 1960: Erorg& and Taillear, 1970). Them 

ineldm the Neruokpuk Forvtion in tha northeastern Brookr Raagm, a 

I rhick sequence mninly af d c t r i t n l  redipmtaty rocks (Reed, 1968) but 

Faclodiag mafic l*vae, inttuctive roclc~, and volcaniclastic s a d m t u  

(Reimer, 1970). Similar rocks with rare Devonian foaaila and 

including mafic dikes  of Palsozofc age form a narrow belt along the 

axis of thk BrookZI Tbngt (Broagd and Reisset, 1964: 1965). Arglllite. 

beneath Triassic rocks at  the bottom of a borehole at Point B a r n  

( P a p  and others, 1951) m y  belong t o  the belt of weakly -tmr- 

pho#d rilicearu rock. exposed In  tho northeastern Brooks Range. 

High magnetic mumalies along the Arctic Slope af Alaska suggest that  

lgawus rock mmsss like those in  the north~aatern  brook^ Range fara . 

a large part of the basement below the Mesozolc cover farther west 

(Payne and othere, 1951). In aeneral, theme rocks in the Brooka Range 

I and farther north appear to be thicker and are mre detr i ta l  than the 

predominantly esrbonatc rocks of early Paleozoic age in east-central 

Alaska. Thi s  suggests a northward transition from a central Alaskan 

I carbonate shelf into a now largely buried and partially destroyed 

Arctic Basin or geosyncline (Churkin, 1969). 



br*onl+n(?) and alder rock. l a d d a d  in the hrclakpuk Formation 

.ten t o  thicken and become m ~ r s  detrital $n the Brooks Range north of 

the Y&on Shelf, tharmby suggesting a northvrrd ;rawition &nte m naw 

l=gdy burlad aad partially d r r t r g a d  #rctic b u i a  or g~bmymclias 

(CA1'tLin. 1969). 2 ;;,, : . Stfll farther wrch fn tha Shoblik raul 

Sadl+mchit &pntairu djaeeat to the n c t i c  coamtal plala thm d-e 

6,500 f.rt of 1-tma a d  dolollit. balm limmatoar! of Carbonlfrrorw 

age (htro, 1970). bvoni.a forsllr acePr fn the upper 200 f.rt of 

this mueace but its lowlcs part may rmprement math of the earl- 

Palrorslc u w e l l .  Tha lateral axtmt of these carbmt- ie -, 

mad tb9. their regional signifiernce in unclear, The carbonate roeh 

-t a =jar faeiu ehmyc u the arctic coast i l r  appmrchad 

or s l d i z e d  area of carbanatr in a preduninantly tarrig- 

maetisa. If part. of rba, hruokpuk Fonurian (a thick seqwnm of 

mid7 drtrital, medimmtary rock that includes lawma) im the -barn 

part of the Brooks Rary~ m d  in  the British Irdormtahm of northern \ 

Yukon Territory a n  quivmlmt to  roch of the oortharn (eug#mpdlad) 

part: of the Rarrlclinira geomynclins of the Camadha Arctic Tslradm 

w c h  farther east, thm the Skajit Llmrtcme aad perhapa the Hunt Fork 

Shale (bath of D e w m i a n  age expaad in a b e l t  m t h  of tha Ilhrwkpuk) 

coflld be conatdrrrd ar veatarn equiralmta of the carbinutm md ahrle , 

brlt (riogeoapcline) of the morrthern part af the Frrrtklinian gci6syn- ', 
cline. Argillites -8th Trimsic m&~ at  thr bottcm of a bore hole \ 

at Poiat Barrow (Papa lad others, 1951) aoy belong to the mars belt 

of predominantly detrital roclu as tlm Reruekpuk farther eaat. S m  of \ 
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thr r f l c  Aatrrrrive meka a d  d a t e d  Xsvas d rolemdcltrtic 

r s d m  p r u u n t  in the northerstern B'tooka Ran* r ra  probably 

e M l u  rocka with r m  b.vonira foarilu d i a c r l d i ~ t  maflc d i t r  of 

370 m y .  mar Mt. w d  form a aglrsw brlt almg tha a i m  of t h  

- 
- - H i g h  -tic -1- d a a g  t k  Arctic a l g .  of 

AluLu q e m t  that igmat~~ rm&e fom part of t& b-t be- the - ur*+r ( P a p  a d  others, 1952).  These data cm ba htapte tad  

u of a 2.-r Paleoraic ~ m - a  2n oarthern Aluka 

(-in, 1969). 



I 
The thick chert-rich detrital racks of Upper Devonian and in 

I part Lomr Uississippim age In the Brooks Range are thought to have 
I 

bean &rived from r wrthcrn eource ( ~ r o r &  and others, 1962). Farther 

c u t  ln northern Yukon md kxthweat Tsrritories, nommrinc onadstone 
I 

md shale ( Iweria l  Formation) poraea sourheartward I n t o  marine 

. g ~ i r i l e n t a  (ba@rs and athen, 1963). A sinilrr belt of Upper 

i D.rorirn detrital mcka, apparently dmrived from the northern part of 

I 
I thm FkmLllnlam ~ l l m ,  occara i n  the Camdim Arctic Archiprlago 

u far rrst a8 Ellmmra Ieland (Thorsttinmsm mad Torar, 1966; 

WettiP,  1967). In Chukotka and Wangel1 Island on the opporitm ride 

I 
I of A l - h  there ara mlmilar Upper Dewmian(?) coqlameratara. On 

V r w l  faland, theme coryylcmratea seem to  contain apprcciabla 

rprorrata of granitic and volcanic dctritua (Bogdutov and Tilaam, 1964; 

T i l ~ m ,  1964). Some gaologiets (Shatskiym1935; Eardlcy, 1948; Papa 

and otbere, 1951) thought that in Late m i a n  time widemptmad u p l i f t  
I 

I 
I in what is now the Arctic Ocean expoeed a Pracambrian shield whose 

i erosion provided coarse mediasat to nearby parts of Cmada, Almklr, 

a d  Siberia.  This epeculation, in l a r p  part, led to  the theory that 

the Arctic is r relatively yormg ocean basin f o e  by the rifting of 

this  ancient 1and-s and the drifting o f  Alaska from the Canadian 

I Arctic Islands to its present poeition (Carey, 1955: Tailltur and BrosgC, 1970). 
I 

However, to judge fmm the mainly chert, quartz, a d  argillitc 

detritue,  i t r  coarse grain size, the w e d g e - l i b  shape of the aedlmen- 

I 
i tary body, and it# mainly nolmurine character, a s h i e l d  eovrce aeems 

I unlikely. h ~ t e a d ,  it is the lore highly deforad~-*J 
I 
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silicmous rocks of the Neruakpdc Formation and similar rocks of pre- 

late Dsvwian age in other parts of the Brooks Range and in bore holes 

along the Arctic Coast nore l i k e l y  verc the sources of the detritus 

(Churkdm. 1969). Absolute age dstemdnatirma of granitic rocks around 

the margin of the Canada Basin part af the Arctic Ocean indicate that 

the intrusion of these rocks probably waa relatad t o  the same d d -  

Psleosoic period of deformation and u p l i f t  that produced the wedge of 

Upper Dcmninn clrratic deposits (Taifleur and athars, 1967; Trattin, 

1967; Chuykin, 1969) .  Elsewhere in North America, at about the m a a t !  

t*, clastie wedges were derived from u p l i f t s  in the Cordillerm 

(Robarts md others, 1958; Gabrielae and Whsrlsr, 1961) and 

Appalachian (by, 1947) geosynclines. Mid-Devonian time waa thus 

we of wideupread orogeny that narks major breaks in the early 

Palaotoic geosynclinal cycles. 



Upper Paleozoic 
I 

! Cordilleran gaosync1ine.--The Carbaniftrow and Permian rocks 

1 

I of southeastern Alaska c l o ~ e l y  parallel the earlier Paleozoic sequcncaa 
I 

I of d n l y  d e t r l t d  rocks interlayered with aubrrsriac  lava^. Fortunate- 

ly, rubordinate amounts of l h e a t o n e  that ate generally preaent are 

highly foeelllferou~ and provide a umr of corrslation. fmllke the 

earlier Paleozoic rocb,  good Carbonifaroua and Permian scctionm 

similar t o  thoae in southeastern Alaska are hum In  the W t a q t l l  

Ibuntalna und the eastern Alaska Rate. Furthemore datrital and 

rolcanlc rock asquameem of Late Paleozoic age cover a large area of 

mouthv*nttrn Alaska that i n  the earlier Paleozoic received only 

mrbmmte rock ( ~ a d y  and others, 1955). 
/ 

The ieolated exposure of Upper Palsoroic rocb at Cape Kekurnoi 

r r y v t s  that the detr i ta l  volcanic b c l t  don8 the Pacific n u ~ l a  in 

amathamtern Alaska coatinuea v e n t .  'Ihase Upper Pal~atoie rocks, 

amroelatad v i t h  ac tmrphic  rock complexes that may represent mtlll 

older Paleozoic rodcs, form the basement far the thick Mesozoic and, 

in places, Cenozoic sediments of the Alaska Peninsula (Burk, 1965). 

The Devonian and Waeissippian pure dolomitt-liteatone sect ion on S t .  

Lawrmce Is land provides a northern limit t o  any extension of th i s  

bclt acroaa the B a r i n g  Shelf (fig. 17). 



2 b  -them h d a r ) .  of the detxltal-wlcanie fscies that is 

here amamtially rgwted w i t h  th,e northern limit of the Cordilleran 

g e o ~ c l i n e  i a  located an th* Almka mainland acmmhere be- 

m u d  Peninsula ard the lower reach- of the Yukon, Farthar ru*t 

thio boandary, although probably canplicatd by major faults, approx- 

-tmly foiiavs the Yukon River (fig. 17). Al=g the = r t m t  d 8 e  

of tb@ Yukon-Tamma Uplmd, in the cmmter of Alaska, are the marthem- 

mmt U of the Upper Paleawic datrttrl-rolornle rock feimm. 

m a  of -1- a t m e t u r r  und scarcity of diagnostic foomila, the 

g t t l g r r p h p  hare $8 poorly bwm. It r- that Catbaaiferom~ cnd 

pdmpm P u m i m  in represented by a noacrlcarsotrr aedimmrary m-ce 

ef -lj flna-gaia4d d e t t i t d  rocks with abundant chert. Bamdtic 

Pd rrlmtd gabbroic rocks that are as8ociated with theee sdlmmtary 

rockm rs discwmcd earlier were found t? in p1,aees1 intrwivm iato 

rrrrior parts of t h e  Pkfeozuic ~ection. 

Y u k m  Shelf,.--Northeast of the Yukon-Tanma area and acroar the 

Tiarina trench, Carbaniferoru m d  Permian noaoolcanic rock arm kmmn 

to nruierlic a large part af the Y h - P o r c u p i n e  Mvam area. The 

Carbonlfarom erction hare consist8 of thinly interbedded limmtana, 

I shale, and chert. Dasp eroaian balm the beam of the overlying 

I ~ Perrim mtrata ?ma, h-ver, w e d  a l l  but a d l  area of carbon- 

iferous mcke p r e s e d  i n  the vicinity  of Calico Bluff. The Permian 

im 8 pr-amtly dstritsl fact- of chsrt-prbbla conglomerate, sand- 

stone, ailtatone, and argillaceous to&#. Limy interbeds occur from 
place to place, and locally thear lim~stones reach thickasssea of 
several hundred feet (Tahkondit Limestone). 

7 6 



The canglomezate and anndutont of Permian age along the Yukon 

I 
I 

Rivet, l ike  the clmtie rock. of Upper Dwonian age, are made up 

I 
I mostly of chert and argillaceotm rock frngnanta. Part of the detr i tus  

! 
I i n  t h m  basal conglomerate of thc P a d a n  where it ~ o n f o n a a b l y  lice 
I 

an rocka of Late Devonian age, is derived from reworking the alder 

Slrilrr chert pebble conglomerate of q w t i o n a b l e  Permian age occurs 

farther mxth en Dave Lord Itidge just math of where the Porcupine 

Mvar crosses the International boundery. As in the case of the 

clautic rocka of Upper Devonian age, the Permian detrltal sediments 

in the interior of Alaska came from u p l i f t s  of siliceous sequence. 

that bordered the area on the south and north. 

B m k a  "geoagnclinc'' and related basins.--In the Brooka Range the 

Carboaifemus aectlons arc mainly lheatone and dolomite with variable 

r a a a t s  of intcrbaddsd ahale and chert ( B ~ O ~ I J ;  and others,  1962). Tha 

considerably thinner PermIan rocke are predcnninantly fine-grained 

dmtrital  rock* md chert. The base of the Limbume G r o u p  becaw6 

progressively younger and mote datrital into the northern partm of the 

BtrooBrs Range. Thia northward ttanagrerrion, plus the fact that the 

unconforsrably overlying Permian ssndmtonee d magloncrates are also 

rich In chert detritus, suggest8 that in the late  Paleozoic a eource 

al-ea exieted w r t h  of the Brooka Range (~ros& and others, 1962; 

Detterrurn, 1970). Thie m y  reflect renewed uplift of the ancestral 

Brooks geoayncllnal b e l t  that was providing aediment in the Upper 

Devonian and Hiseiaeipplan (Churkin, 1969). 



Mesozoic and Cenozoic t ec ton ic  events  a f f e c t i n g  Paleozoic rocks 

The pealogic conditions that prevailed throughout Paleozoic t i r u c  

in the southern half  of Alaska seem to have cantinucd on into early 

Heaoxoic time. Triassic racks in southeastern and southern Ala~ka, 

althaugh separated in places from Paleozoic rocks by an unconformitp, 

are characterized by basaltic rubmarhe laras and associated volcmi- 

elastic rocka in a mainly detrital mtdlmcntary sequence that continued 

the gwsynclinal pattern eatabllsked in the Paleozoic (Rsew and others, 

1966). Thin argillaceous liracstonea occur locally, but maesivc purer 

limestone and dolomite sequences like those in the Palcozaic are n r y  

rags. The only good example of a close parallel t o  the earliar 

Palmzoic carbonate development in southern and southeastern Alaska 

$a the 2,000-foot-thick aection of nearly pure limestone and dolomite 

(Chitiatone and Nizlna Limestones) in the Wrangell Mountain8 (Moffit, 

1938; Armstrorg and others, 1969).  In the Kuakokwim realon, the 

Gclacrk Group ranging in age from Carboniferous t o  early Cretaceous 

(Hoara and Coonrad, 1961), is composed of siltstone, chert, mafic 

volcanic racks, thin limestone and gtaywacke that necrsls t o  be a 

westward continuation of the stratigraphy in southeastern Alaska. 

In the interior and northern parts of Alaska where Triassic rucks 

are known, they generally rest on Permian rocb with approximate 

structural c a n f o d t p  (Lathram, 1965; Detternan, 1970; Brabb and 

Churkin, 1969). The Triassic rocks of northern Alaska, composed of 

thin Requmces of argillaceous sediments interbedded with minor 

limestone and chert pra l l e l  closely the Permian sedimentation pattern 

in the same area (Dettsrman, 1370). 



In the Juraseic, and In places starting in the Cretaceous, began 

the drrslopment of a aaw pattern of hLgh tectonic activity that lasted 

throu&mut most of the Meaoroic and in places continued through the 

Cemazoic. Where once the broad atratigraphlc brltm of the Pal*oxaic 

geampnclinte and shelf existed, the rocks -re deformed into a serlee 

of troughs and basins that warm separated by apliftr (Payne, 1955; 

Gatem rad Gryc, 1963). The medimcntm that filled the dcp+esaians ware 

ddmamt ly  d e t r i t d  and were largely derived from akarby highlddm 

of Palso+olc and Prkcrlrbxlur reek. (fig . 18 ) . It WJ during 

thaae epleodes of orogeny that vast t r r c t o  of Palcotoic and PracrPbrian 

tocb In thr interior of Alaska and further mouth in the Altrka  and 

Cmat Ranom were severely deformed, alterad by metsaorphimm, and in 

placmm ultlmataly g r m i t i m d .  The general pattam of basin+ and 

uplift in the &soeoic, and to a laerer degree la the Tertfary, tcrrdn 

to  be arcuata m d  follows, the trend of the Palaozoic mtratigraphlc 

belte (Payne, 1955). This parallelim 8hows the strong influence of 

the Precumbrian and Paleozoic buremmt In controlling the tactoaic 

featarea developed in the Mesozoic and Cenozoic. 



b r t  o f  the post-Paleozoic sedimentary racks of Alaska are 

largely Impure sandstones of the grrywacke type interbedded with dark 

argillaeaoue rock and eonglollerate. Furthermore, many of the post- 

Palropoic sediments contain far more d e t r i t d  feldspar than the I I 

1 tach w which they lie. Notable examples are the Cretaceous strata 

I of r u t - c e n t r a l  Alaska where the amount of potarsium feldspar detritus 

incre&sen markedly i n  rocks of post middle Lower Cretaceous (Brabb, 

m b  This soggmta that the earlier Ueaozoic intrusive roeh in the 
I 

I nearby Yukon-Tanana Upland (Wesserburg and others, 1967) were anroofed 
I 
I by late W a s e i c  ti-. Anather exgple is along the northern border I 
I 
i 
I 

of Matmwka basin where granitic intrusive rocks cut Lower a l e  I 
I strata and furninhtd debr is  to  form Upper Jurassic e o n g l a r r r t m  
i 
1 (Cat- .ad G q c ,  1963, p.  273). Thus the batholitbi$ntrwio~. and I 
I I 
i their subsequent uplift, like the differentiation of Alaska into 

I 
I positive and negative areas. began in the Jurassic a d  cmtiauad 

i n t w n i t t e n t l y  throuRfi the late Mesozoic and i n t o  the Tertiary (ef .  
I 

I Reed and Lanphere, 1969). A t  the end of the Crtraceoue and the 

1 beginning of the Tertiary, widcsplead orogenic movements affected 

1 
I large areas of Alaska. It wae during this tlme that the thick late 
I 

Miesozoic sequences of the Colvllle h a t n  were intcnaely folded and 

rhrua t-f aulted northward (Gat- *nd Grye, 1963). 



Alaska was essentially eaergent by the end of the Cretaceous and 

has r d n a d  so up t o  the presmnt time. In exception, Tertiary basina 

af marine deposition developed along the southern and northern borders 

of Alarlu ( f ig .  18). The moet rignlflcaat of these was along the Gulf 

of Aluh where Eocene through Pliocene, w e t l y  marine strata total at  

l eut  25,000 feet in thickneus (Stoneley, 1967). In the interior of 

Muka at varioua tiPPtts during the Tertiary, local deformation formed 

scattered basins that were quickly f i l l e d  by aaararine coal-baarin~~ 

meqwncors of clayetone, sandstone, and conglomarste. Several of these 

cumtinmtal depoeita developed i n  a a r m  trauchca that developed along 

nrjor trmscurxent fault roues--the Tintina (Brabb and Churkin, 1969) 

and the h l t a g  fault eonee (Pattrm and Hoare, 1968). 

Defotaatloa that produced uplift and erosion over much of Alaska 

during the Tertiary apparently i n t e n s i f i e d  at  the close of the Tertiary 

and cmtirmQd i n t o  tho Quatemaz-y. This orogenic act iv i ty  har tarrulted 

fra tha strong u p l i f t  that produced the pretr-a mountain rangee. 



f lung Prith tha &fornation, the Cenozoic amgeaic events produced 

widely scattered terrastrial volcanic rocks and granitic lntrusivea. 

Tertiary granites, although net as extensive as those of the Efcsaxaic, 

are kam from mat of the geologic provinces of Alaska, but arc rare 

or &*mar in  cast-central Alaska, the Brooks Range, and the Arctic 

cowtd plain. The Aleutian ~olcanic arc and associated oceanic 

trench are promineat features of t h i s  high tectonic activity that 

mtartd in the Cenozoic and continue8 into the present (CoaQo, 1956; 

Major structural features of Paleozoic rocks 

Alaska has experienced such penetrative fold in^, faultin@, 

w t m h i m n ,  a d  intrusion during multiple episodes of Mesozoic m d  

Cenozoic d e f o ~ t i o n  that, as in other far wore intensely s t u d i d  

parts of the North h r i c a n  Cordillera, any Pilaozeie or older 

mtructures are generally very difficult to  recognize. The etructures 

that will receive attention here arc f i r a t  of all the major fold 

belts that indirectly reflect the trends and configurations of the 

older tectonic elements, such am basina, troughs, and s t a b l e  areas. 

Secondly, s m  of the large-scale faults that may have displaced the 

Paleoeotc stratigraphic belts and juxtaposed differe117rock types w i l l  



I md b e l t s  of Almh and their extansions into Canada and Siberia.-- A 

Fi-• 19 r h m  the dlstrlbutlon of fold bsltlr in Alaska and neighboring 

FLgur8 19 near here 

part. of Canada and Siberia, It is maentially r aiapllfication of the 

T l c t d c  Map of b r t h  h r i u  (King, 1969) d t h  a larger aectios of 

%la belts aa thlm map me differentiated by gross agem of regional 

W i s u t e  fold belt., root of Alaaka'r structurem were c t e a t d  darlau 

the llrroroic ro parts of the Cordilleran fold belt that 11- alang Eh* 

Thm urlismt deforutloasl featurea vithln the Cordi l lermn fo ld  

bdt,rre the h i @  grdr schist  and gueimn terranee across the canter of 

ltut utratching from Seward Pminsula into th* Yukon-Tanaua upland. 

Biatrrrically, there have bcaa considered t o  be of Precambrian age. 

rsnoeiarsd plutonir: rocks,  wpaciallp the Birch Creek Schlet of enat- 

eentral Alamka (Wmsdurg and ethers, 1963) c u t  doubt on the Pre- 

canbrisn rgm of th-a atructurea, On tha othar hand, n w  isotopic 

datur on thm mtmrphic complexen in S w a r d  Peninsula (~ainsbmy,  

oral -. , 1970) and the Fairbanks area (Forbes, 1968) indicate 

Precdrian or m t  learnt earlimt Paleozoic age8 of defomatlon. Along 
the Pacific and the Arctic Ocean murginm of the Cerdilleran fo ld  b e l t ,  
there a n  in a rider of places thick wedgea of coarse clast ic  rocks 
msrociatsd r i t h  plutanlc activity i n d i c a t i n g  aroganies within the 
Paleozoic gaompclinem (f ig.  1 3 ) .  



, The cllmaetic arogtaias of the Cordilleran f a l d  b e l t ,  hawever, 

took place during the Neeozoic, and in laany places, Cenozoic deforma- 

tion -timed .ad ie reqpnsible for maeh of the present mtmt~imw 

topography within the original f o l d  bslta. nigh grade metmrphlrm 

in mewtheastern Alaeka imolring lower Paleoroic rocks (Brew and 

others, 1966) and lover grade mta~sorphlga of pre Upper Devonian rock. 

in the lwrthern Brooks Range (Reed, 1968) are ather examples of thasa 

fore-ra of the =in Cordilleran orogeny. Thua, the Cordilleran fold 

belt arose from d e f ~ ~ t f ~ n  and in part metmorphlw and plutonim of 

s w a r d  gtospcliaan, e m  of which took form in late P r e d r i r n  and 

early Paleoroic tit., m d  other. aa late an Mtaoroie time (ging, 1969). 

The Cordilleran fold b e l t  north of the 49th parallel hoe a aurly 

cowtant width until it widens  inland t o  form t h * f l k ~ n x i e  !4ountains in 

19ar-t Territories. Thexe it i l r  aharply confined along its northeast 

~ . r t i n ,  trends north along the Richardson kmtains  of Yukon Territory, 

and turn. m h r a r d  across Alaska, widmiup: out to  the Bering d Chukchi 

Seas ( f i g .  19).  Eastcrnumst Siberia, separated from Alaska by theme 

broad contlnrutal shelvee, ie part of the Chubtka fold belt of Mesozoic 

age (Yanshin, 1966). South of the Chukatka fa ld  belt ie the Circum- 

Pacific fold belt, mainly of Cenotoic age. It includes the isl~nda 

surrounding the Sea of Okhotek, Kawchatka, Korysk Mountains, and 
I 

extends along the Aleutian Islands t o  the Gulf of Alaska. Thus we can 1 
eee around the r i m  of the northern Pacific brain extensions of the fold I 
b e l t s  of Alaska into the continent of Asia.  



Ansther, though Iesa obvow, correlation o f  Alarkan fold belts is 

a r w d  the r i m  of the Canada Baain part of the Arctic Ocean (f l g .  19). 

This i* the much older Circtm-Arctic fold belt of Paleozoic rge that 

i a  kncnrrr in the CmrdhLn Arctic falands (Thorsteinsmn m d  Tozhr, 1960) 

and in the northeastern Brooltrr Range (Churkin, 1969). Farther wemt 

tbir fold belt ir covered by tha coartd plain dqmeitm of northern 

Alrsb. Boreholam dong the Arctic coast of Alamka in place8 at  rather 

shallcrw depths have penetrated #teeply dippln~,wamRly =tammpbomd 

rock. of pre-Upper Dwonian age that probably bclbag t o  a h i s  m a r s  fold 



I 

i O m  of the -st prwainent rtructmmal feature. within the Cordil- 

leran fold  belt l a  the fold and thrust b e l t  that starts along the east 

side of the Canadian Rocky ktmtalns and cbntintraa north into Yukon 

Territory fiere it turns w e a t  to  make the Brooks h n g e  in northern 

Alamkr (flg. 20). Mort of the rocks within t h i s  broad fold belt are 

Figcrrr 20 near here 
- 

. 
Palmr~ic  carbonate rocks and shalee, but rockn as old as Late Fncata- 

brim or u young as Tertiary are a180 involued. This remarkably 

contieaaus b e l t  ha8 amersl  arcuate bends (Gabrialme, 1967; King, 1969). 

At the north end of the Rocky buntaim the relatively narrow (laaa 

tham 100 miles r i d s )  and fairly etrafwt fold belt gives way to the 

Eirrckmrie Ibuntains (fig. 20, A ) ,  a broad ecries of arcuate ranges 

offeet to the east into the Yukon Shelf. Frm the Mockenzie Iboatains 

the fold belt turns gently west into the Uemeck~-Ogilvie Hountaiar 

(fig. 2Q, B). A t  the west 4Sd of the Ogilvie Mountains near t b  

Alaska-Yukon Trrrritow bwndary, the fo ld  belt makes a sharp right- 

angle bend t o  form the north-south trending  aho on; Mountaine (fig. 20, 

C). Farther north the liahoni Mountminu give way to the northeasterly 

trending Dave Lord Ridge fold a truc tures (fig . 20, D) . North of the 

Porcupine Rirer the fold belt tarns ~arthwsstward acrose the British 

Mountains in the aorthvsst corner of Yukm Texribry and crosses into 
Alaska to form the B m k s  Range. The trend of the Braoks Range segment 
If  the fold belt is wrentially weorerly for nearly 600 miles and in the 
Baird Mountains a t  the w e a t  cud of the B m k u  h a ~ e  it bends south 
toward8 the Sward Pminaula, it8 northern margin making a sharp bend 
a t  Cape Lisburne where the folds and faulta trend northward under the 
Chukahi Sea (cg. Tailleur and Brosg4, 1970). 
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The deep receas in the fold b e l t  in northwearern Yukon Territory, 

where the structures from the Mackenzic Pbuntalnr and from the Brooks 

Range curve inward to form a sharp rtght angle, may be related to the 

etrractwres of the Rlchardsan Wantaim located within the reeaes. The 

Richardrson Mountains thmselrsr arc apparently a b l o c k l i k e  uplift of 

thick early Paleazoic and Memoxoic b u l n a l  deposits  atrrroundrd by the 

much thinner rocka of the Paleozoic Yukon S h e l f  (Jaletzky, 1962) ,  A t  

ths time of the major folding In the region, the thick body of Paleozoic 

*ad Mssozaic sediments i n  the Richardson Basin poss5bly acted am a 

buffer that diverted the fold and fault trends in the thinner rectiom 

of the Y h  Shelf mro\md its western and roattwm cdue. Largrmcale 

right lateral mo-t along the Porcupine li-nt (Taillear.and'~tosg&, 1970) 

a probable fault zone (~rosg; and Reirrer, 1969) that may be arr exteasion 

of the Knltag Fault (Patton and Hoare, 1968) may a lao  be reepanmible for 

the right angle bend in the fold b e l t  near the Alaska-Yukon Territory 

botmd8ry. 

South of the B m k a  Range, folds and t f i m b t  $aults  aenefstly do 

not have the eonsiotency of trend that they do in the Brooks Range and 

along the North Slope. The difficulty in distinguishing structural 

trends i n  southern Alaska is not that the rock8 have escaped deformation 

but that multiple periods of deformation have created complex trends. 

The scarcity of good larkcr h o r l t a n ~  i n  the thick eugsoapnclinal 

mequences and aultiple bathollthlc intrusiom further complicate 

rtructural analyse#. 



T h m t  faults involving early Palaotoic and Prseambxlan rock. 

have been recognized over a large part of Scward Peninsula (Sainsbury, 

1969b). In tha weutern Sward Peninsula tmmetamrphosed carbonate 

racb of Ordovician and Silurian age are imbrlcrtaly thrust faulted 

and arm in thrrrat fault contact with mlatea and faintly met.rotphased 

carbunate rocks of probable pre4rdwic i sn  age (Saiasbury, 1969a, 

1969b). Farther west, acrous the Bering Strait from Sward Peniarula, 

axptmur1~0 along the sea c l i f f .  of Chakotok Pminaula rev-1 complicated 

imbricatioa of Ordovician and Silurian Ifmestone with  Devonin, #hales 

and ether rxglllmcsaos, weakly metamorphosed rocks (Byalobzkvski, 

I oral ccrmua., 1967; Gnibidmko, 1969). The proximity of thare misllar 

I 
stratigraphic m d  rtructural features augffemrs their carrelatian acroas 

I 
I the Bering Strait .  As the stratigraphy of other structurally compli- 

cated areas of Paleozoic rock in Aheka is studid, more e r r r r p l ~ ~  of 

important tbruat faulting w i l l  become knmm. Preliudnary remultr of 

regional mapping in the Terra Cdtta Mountains area of the Alaska 

Range (Reed ,  oral comnun., 1969) and in the Annette Island area of 

southeastern Alaaka (Berg, 1970) indicate thrust faulte involving 

I Palaotoie xocke ore important in theae areas. 

I ~ An important record of etructuxal juttapoeition of widely different 

rock types ham been reported from the White Mountains at the vest  end 

of the Yukon-Tanana Upland (Church and Durfee, 1961). Here, the 
1 
I 

Tolowma Limemtane, conmistinp; of a long and nrrrav outcrop be l t  of 
pure limestone and dolamite of Silurian and Devonian age i a  i n  contact 

I with the Fossil Creek volcanlu of Ordovician age, r unit characterized 
I by siliceatis sedimentary rocks m d  pillow braale, 

I 

I 

88 
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kcording t o  Church and Durfee (1961), the limestom i a  everywhere 

thnret faulted over the volcanic rocks. Instead, the massive limestone 

was found by myself i n  company with R. Chapman and F. Webar In 1968 to I 
bm accordant and, where bes t  upoaed,  gradational over an interval of 

several feet into crlcrreoue tuf f .  Thia interpretation of s st+rti- 

graphic contact agrsu with t b  orlginrrl Interpre~t ion of Hertia 

(1937'b). This b e l t  in the central part of Alaska, where carbonate 

rock rections are in close proximity and are partly Interlayered r i t h  

volcanic rocks and virh f i n e  grained siliceous rock fades ,  marks a 

Eons transitional i n  facics with mainly llmastonea t o  the north d 

volcanic-stliceom seqaencea t o  the south. The atructuxc within this 

belt m d  its relation t o  the carbonate feclca on the one hand and 

metamorphic rocks on the other is however, quite complex, a d  large- 

ecale faulting m y  be partly responsible for s a c  of the abrupt 

ch.ngtim in rock type*. 
I 

The amount of lateral displacement an the varioua thrust faults 

i n  Alaska is poorly known and except for the instances d1acuam.d belaw I 

is not recognized as displacing major stratigraphic be l ta .  
1 



Several periods of eauth to  north overthrusting during the 

i Cretaceous and Tertiary affected the arm that is now the Brooks Range I 
I 

(Lathrm, 1965; Porter, 1966; Tailleur and others, 1967). Bmuwe of 

i 
I the rnrltiplc thrusting of unknown dlmplaccaent, it II d i f f i c u l t  t o  

recwtruet the or ig inal  facias within the Faleozolc rocks of northern I I 

I 
Aluka.  In the western Brooke Itange large-8eale ovarthrrrsts are 

I i 
I tho~ght  t o  have a curaulativs aarthw~rd dieplacemnt probably in exceea I 
I 
1 of 150 miles (Taillsur and Snelmm, 1968). Thur far, it ha# not been 
I 

pormlble ra accurately memure amunts of total dinplacemeat bacmarc 

of W hbricata nature of the faulting. On a mingle fault i n  the 

Ctuadalar area of the central Brooke Range 5 milas of horizontal 

I P I 
displ.cer#nt has been ateasurd (Erorge oral comun. ,  1968). Because scores of sub-' 

! 
I 
I p a r d l a l  faults have been mapped, their aggrqatc displacesaent mny be 1 

very submtmtial. Preliminary wtlmate* of Paleozoic stratigraphic 

1 rdatioru math QO mrth across varlaum parts of the Brooks Range have I 
1 been made uaing palinspastic reconstruction acroes the multiple thrunt 
I 
I I 
I eheeta (Lathoan, 1965; Taillew and atherr, 1967). I 

Longitudinal faults and topographic trenches,--In Alaska, as in -- 

I more nonthern parts of the Cordilleran b e l t ,  there a n  a number o f  
I I 

long fault zones which are frequently expressed topographically as 

trenches or valleys ( f i g .  20) S o r e  of the =re prominent faults and 

the way in which they affect Paleozoic rocks are discussed below. 



I T h m  Tintina fault zonm in east-central Alaaka is marked by a 

mrrw will- that pmrdlels the Y u k o n  Rlmr on fte slouth s i d e  (Brabb 

snd Churkin, 1965) and extends from Alaska 

noutlurtw*rd acrom Yukon Territory t o  LSard plain which sqmrutrs 

it from the Rocky Fbuntain Trmch (Roddick, 1967). The Tintinr fault  

tanr effectively .cp.r.tas tha tmmet.Drphosed PrsWrian through 

lbnowic otratigrrphic succurion on thm north f r m  tho Birch Cr#k 

Schiat--strongly r t a m r p h w e d ,  mninly s i l i c m  redimentaw mckm aad 

PO~C.P~CB of probable Pdlcacoic and poss ib l e  Precambrian age on the 

mouth. The granitic and u l t r m f i c  intrtrafons of Mesozoic age (except 

for tba "Circle rolc~tulc~a") cut lantaranrphic roeb routh of the fault 

and do not cxtaad north of the Ttotina fault thun further contrasting 

the rldely different geologic terr-s on both mider of the fault. 

Thick acctions of nomurlna, poorly consolidated rmdsttma,  d t o n r ,  

&ownrate, d duor ma1 of Upper Cretacabua .ad Tertirw a g m  art 

dwaloped along the fault zone. S teep  dipe and faults cuttinu even the 

yotm8eat Tertiary uedimcats along the trench-like valley indicrtt  

latea t Tertiary d (or) Quaternary dcf ormation. Large-ecale lateral 

dislocation has barn poutalated aloag the fwlt, By matching an 

upper Precnmbrian quurtzite-ahale ("grit") unit north of the fault in 

Yukon Territory with a similar belt in the Yukon-Tanma Upland of east- 

central Alaska, a right-lateral offset of about 260 miles haa been 

auggasted (Roddick, 1967). 



The north end of the Tintina fault is uncertain. It may continue 
I 

straight into the Yrrkon Flat* w s * t  of Circle or bead sharply vsmtward 

parallel to the trend of the White d Crazy Mountains and than possibly 

wnnact up with the Kaltag fault that conttnttea rauthvcstward into 

b r t w  S o d  (Pattoa and Hoare, 1960). St111 another possible northern 

terriartion of the Tintina may be along a r e t  of subparallel splryr in 

the Livengood arm where a umber of through going f a d e s  (F, Weber, 

o r d  c-., 1969) may reflect the taking up of the aubetantial 

dirplac.llcnt postulated for the fault farther t o  the sourheart. 

The Uulta~ fault controls the caurss of a long reach of the Yukon 

Mver and, like the Tintlnr, i n  places is marked by rift valley# md 

fault scarp6 that cut Tertiary and Quaternary depoelte developmd along 

it (Patton and &orre, 1968). S e l d c  reflection profues in the 

mhillm hriag shelf reveal a madirnent f i l l e d  trough that is Interpreted 

to be t b  seaward contlnuatioa of the Kaltag fault (Sehalf. and etherr, 

1970). The major geologic trends in the area--the Yukon-Koyukulr: Basin 

of Ceataceeue age and a belt of mttslorphic rocks of Paleozoic and 

Early Hemozoic age-have been displaced between 40-80 miles right 

laterally acroas the fault, and wdern stream courses are offset up t o  

1.5 mileu (Patton urd Raare, 1968). If the Kaltag and Tintina frdtrr 

are differently trending segments of the name fau l t  system, they have 

an arcuate trend nearly parallel t o  the Denall fault system farther 

south. 



The Denall fault of southern Alaska fa the longest through- 

going fault mystem in southern Alaska ( S t .  Amand, 1957). The Denali 

fault i a  made up of different fairly straight segments that apparently 

I 

interconnect at  s l ight  m r ~ l e s  t o  give it an atcuate trend (Grsntz, 
I 

I 

i 1966). There are many mubsidiary faults and strands, especially in its 

I central part in the Alaska Rmge. 
! 
I 

According t o  S t .  h a n d  (1957), tbc Dcnali  fault system ma9 have 

1 had 150 m i l e s  of right-lateral atrike slip displacement since the atnrt  

I of the Pliocene. Because r n d e r  of geologic &nd topagraphle 8ncmalfea 

a d  result from thla amount of displacelpcat, Grantz (1966) suggested 

a d a t  smller and mninly older, U ~ o t a i c  aoolkvmt with the *ratmt 
I 

of displacement across the fault varying from aegment t o  segment. The 

Chatham Strait fault--a pessible continuation of the knali into south- 

eastmm Alaska separates regions of strongly contrasting geolom 

(Twanhofel and Sainsbury, 1958; Lathrm, 1964) .  About 120 nil- of 

1 right-lateral separation is suggested by displacement of Paleozoic and 
I 

I Tertiary rocks on both sidea of the fault (Lathrnm, 1964). In addltian 

t o  th ia  lateral displacement, several kilometers of vertical movement 

is assigned to the same fault (hney and others, 1967). South of the 
I 

I Denall fault I s  another group of transcurrent faults that arc mare 
I 
I wide ly  separated and seem to have different directions of displacement 

I (fig. 20). 



Correlation of the Paleozoic rocks around the edges of the 

Arctic and northern Pacific baain8 a d  6- floor 

spreading in the Arctic 

Admatee of sea floor spreading and plate tectonics have 

eatablinhed beyond reamonable doubt that the A t l a n t i c  Ocean has grown 

by -1 floor spreading end that North Aaaricm has d r i f t e d  from 

Eurasia. In a l l  the attempt# t o  reconstruct h m  the d r i f t  hu 

occurrd,  &rth hmcdca is considered a separate block from the 

Ecrrraaim block and differsntial movmment has brtn postulatd betrremn 

the tuo bloclcs (Blackett m d  othera, 1965). The mid-Atlantic r i d e  

amd I t s  northern axtmaion actoms the Arctic karm fe cmdefdarad by.many 

as tkr Qamtem bousldary of Rorth America (fig . 21) . The paaitloa of 

Figure 21 near here 

the boundary eqmrating b r t h  America from Kururia fn the Pacific 

roalm is lese certain but has been dram between Chukotka m d  Aluka 

@e Pichon, 1968). If drift has eccrrrrsd acmes thm northern Pacific, 

there s h d d  be some geologicrl evidence of movement between the two 

continents in the Bering Sea region. 

The Cenozoic geology of the Bering Sea area, recently summarized 

in the book '"Bering h n d  ~ r l d g e "  mopkina, 1967), indicates that there 

is a complex record of sea-lwel changes and Intermittent land 

connections acroas the Bering Straits and that the North American and 

Earaeian continents appear to  have been coaaected at Zcaat alnce the 

early Tertiary. 



Ths geologic corralations of Hesoriic and alder rocks and 

structures across the Bering and Chukchi Seas are larn well known. 

Geophysical invcstlgations, together with dredging in the Bering Sea, 

indicata that the acouutic basement reprcaenta in part a gravackc 
I 

sequence of ketaceaua age end that, in placcs,gentlp d e f o d  

stratified sediments of late Tertiary age tmcoafomably cover this  
I 

I 
I basement (Schol l  and others, 1966). No significant brerks in the 
I 

Canoroic and Hcsoroic gecrlagtc trends have been reported to  mubntmtiate 

continental d r i f t  between Narth America and Euraaia where they come 

together in the narthern Pacific. 

However, if d r i f t  occurred, I t  is the prc-Meaazofc rocks and 

structures that ahauld ah= the greatest dlspla-mt. A dirmet 

c ~ a r i s o n  of the pre-Meaozoic geology of Alaska with that of ehukotka 

d l 1  now be made in search for evldeace of differential mvaamt 

behrrto the tua continanta. 



Wrangell Island, connected by a bathymetric (Creager and McManus, 

1965) and a gravity anomaly trend (Ostenso, 1968b) across the Chukchi 

Sea to Lisburne Peninsula, seems to represent a westward structural 

extension of the Brooks Range (Holmes and others, 1968; Grantz and 

others, 1970). The oldest fossiliferous rocks, of Mississippian age, 

occur in the central part of Wrangell Island as part of a thick sequence 

of marine sedimentary rocks (fig. 22). Nonmarine beds of chert-quartz 

Figure 22 near here 

conglomerate form the lower part of the sequence. The presence in the 

western Brooks Range of similar conglomerates of Late Devonian age in 

a stratigraphic section comparable to that in Wrangell Island has been 

noted (Bogdanov and Tilman, 1964). These conglomerates are part of a 

series of clastic wedge deposits that continued around the edge of the 

Canada Basin from the Soviet Arctic (Chukotka and Wrangell Island), 

across northern Alaska (Churkin, 1 9 6 9 ) ,  and then across the Canadian 

Arctic Islands at least as far as Ellesmere Island (Trettin, 1967). 



btruelvs  rocka on Wrangcll Island include dlkea and small 

plutonic bodies, u i n l y  of grmitic canpomitlen. They cut the 

Paleozoic section, but nowhere &re they raported to affect the Triamsic 

m t r r t s .  The age of thrae rock#, @upported by potrrsmlaa-arm ismtape 
I 

dating, is thought to  be late Paleozoic ( f i g .  22). Absolute age 

dstellinationa of granitic roeks faxthrr east around the margin of the 

Cane& Basin indicate that the intrusion of theme rocka probably w*r 
I 

rdlrtmd t o  the s- rid-Paleozoic orogeny that produced the wad- of 
i 

! 
Upper t)aroairn coaglmrarea aa8 smdatanes (Taillcur and other., 1967; 

Trattin, 1967; Churkin, 1969).  
I 

Ch Wmgell Imland the niasi~6ippi.a rock, like the aader2)t) 
I b 
I U p p u  Dtronian rocka, arc very similar t o r  but thicker than, thome in 
I 

I the B r o o k  Range. Pmnlan and Triaesic rock, mainly clasticr, 
I t 

I tmoapformably overlie the Uiesiasippian and again there t o  a a lmi lar l ty  
I 1 

t o  the stratigraphy of the Braaka Range (fig, 22). In the Canadian 

I Arctic Islands, aa even thicker aequence of Carboniferous and younger 
I 
I 

to- that lit u n c o n f o d l y  on the older Palaosalc rocks of the ! 
I 

I Franklinim geosynclinc form t h  Svcrdrup Basin (Thorateinseon and 

Tozer, 1960). 

j 
The rock6 a t  the -tern t i p  of Sward Peninsula, being close t o  

Chukotsk Peninsula, are important in test ing the similarity of the 

geology of Rorth bnerica and Eurasia where the two continental land 
i 

masses come together. 



I 

I 
! 
I 
I 

The basic el-nts of the geology of the Cape Dczhncvn area, the 

1 

eamtQ.mrost t i p  of Chukotuk Peninsula a d  the land point ncarcnt t o  

Smward Peninsula, are sbom on figure 23. Thrra is a -us and 

Figure 23 near here 

amphibolite central daslt that 3s s m m t d a d  p ~ s i v e l y  outward by I I 
I 

rrrble and schist that I s  interlayermd with partially recrystallizad 

linmtonu, Shelly fosrils in these l h t o n e a  are of Ordovician, 

S i l u r i a n ,  Devonian, and Carboniferorrer age (Cnlbidenko, 1969, p. 11-13), 

Granite and a eysaitc intrusion coupled by i d r i a r e  t h n u t  faulting 

(Byalobd~rrvski, oral coamun., 1967) amplieate the etructure. About 
I 

3 r i l . m  of shhimt *nd gneisr l a  reported by Gnibldenko to conformably 

underlie the 1-tone vith Upper OrdbvLcisn forrotls. 



Directly acrosa the narrow Bcrins Strait in Sewaxd Peninsula, the 

wemt-trending Rigluaik Mountains expose, in their  core, gneiss and 

biotite s c h i s t s  that  have a well-defined domal structure (Collier and 

other#, 1908, p. 67) (fig. 2 4 ) .  Overlying these high-grade metamorphic 

Figurn 24 near here 

rock8 art lower grade schists characterized by chlorite and wcorite ,  

Marble is interlayered v i th  t k  eehlat, especially i n  its upwr part, 

T h h - b d d e d  atgil laceow lircetone seems t o  overlie the schist and in 

turn i r  overlain to  the north by a rquence of ~ r s i v c  limestwe em- 

tal- Ordovician and Silurian fossil8 (Sainabury, 1969a). 
I 

Slimbury (written coarmm., 1970) has obtained a 750 m.y. date on 
I 

1 &naira LIn the Rigluiak ?fountain8 ~ ~ i n g  the Rb/Sr whole-rock ~ E W .  

According t o  Sainsbury,  a dike cutting thte same gneiss giver r 450 

I may. rmbidfra-stront3tn date. 

On the other hand, dating of other uietanorphic rocks and ueociatcd 
I 

I 
intrusivw in the g.an.1 area using the potarriwar~on methbd 

Indicates a Cretacem metanrorphic-plutonic event (~ainabury , 1969it). 

In nearby Chukot~k Peninsula m a t  of the drtee on intnmive and metn- 

marphic rocks are again Mesozoic, but a number of mch older dates 

I ranging from 1500 to 70C) m,y. have been obtained on rocka i n  the same 

vicinity as thoae giving Mesozoic dates (Cnibidenke, 1969). Thus, there 

I is a claee correlation of stratigraphy and mtga6rphism in the oldest 

rocks acrose the Bering Strait (Churkin, 1970). There a180 appears t o  
be a close  correlation of thrrrat faulting (Salnabury, 1969b) and 
plutonic activity (T. P. Hiller, oral comm., 1970) acrosa the s t r a i t a .  



A ssrparimn of appmr Palamsate and lmet Wcmozoic etratlgrrphy 

be- -tern ChSbtka and Ward Peaiarrula 1. not possible because 

only lamlatad fr-ta of rharr ra& are available far cumpariron 

tm Ornrtd Penh8d. .  On St. ltrrranca Islmd, hmmver, in the Ridale 

of t'lr Bering .half, rather complete m i a n  through Triaroic 

s w & h  h m  b m  -ad by Pattan a d  Dutro (1969). The aeetioo 

lure clmely r w l u  that of the rwt8m B m o L u  a g e  om tb. wt 

rd tbr Chalcotrk tmmiruolr m~ the vut (fig. 24). 

G both sidrrr o f  rtm B e t a  Straftr, at about thr m lntitada 

)rt d fmrtbrr inland, arm rather airi1.r .nd much murr corgLat8 1 ; 
ranging in age frim Pncrrbrirn t o  h i u a i c  (fig. 24). In 

&l.rL. chi. is the aretion .rpoad in tlm Yukau-Portupine Rimrs area 

(Cburkb ard Brabb, 1967); 19 Siberia it i a  thm rcctfon in the Iblmaki 

depositr . 



d-rmity, exerpt for uor 4-p m t m  klaw high rwrtmuiw, 

-7 T j a u  do- to the llltfwr or the Atrtia d P d i c  Oc*m 

Lrrlr arm rpprorthJ ~ ~ y ,  19S4 ; w a r d  .old orb*-, 1960). 

w m  tnfmtepca tbrt a t r d  ef hi@ crwtil thlchum 

.orwr t h  errtar ef Alub -t~ Hth a e l *  ecamd 

tb. o n k r  of ChoCcoth ~ t b a r  srmLCticm of tb. gad- - tk narlss s t n i t 8 .  

ih close #Li&ritiw be- tk -logic b i n t o r i r  of tbr - w sf - d -1 Slu -17 that mmd 

tL. kf,gbt of t& hyptb..em of m floor g n r l i a g  md plat* *tenicn 

c h  tro crwta l  b- dow wt pamm l a  tbe B- Sea rru-it may 

lle fartkr mt SSbrrin. A poraiblm ai ta  for this 

( U W ,  1-3; BIItea d Tturrp. 1965; Worgm, 1968) (fig. 1). 

The~e -Was aporr a m i c  fo ld  belt that foru the rut 

of th S i b # L m  Plrtform and eaparatm it* mainly Precambrian I 
lbo+oie age ia tln m t k r  fold belt (Ymhin, 1966). 



To test the Vakkhoytamk area u a pormiblo boundnw of =taa#lt 

f I  be- t b  Wrth h t i c r a  and gurmiur b l e c b ,  the mlicatiar of the 

northan atemion of the d d - A t l m t i e  ridgr be- oa t r d  w i t h  thc 

V-k fo ld  bmlt .s t b  tro Pert- rpprwch each athar in the 

I Tbm oeiaical ly  .nd mlcauiully mctive r id-At lmt ic  ridge rarrr I 
I aat-dm a. far u 1 e e h d  (*id, XN7). Mrth af IcsLoa EL. I 

ri- r a n  batrma -&.ad .nd Sp1trbmrg.a (Oltmme, 19W)d w i t h  I 

of (brrltm-a and bramlk, 1967) ( f lg .  25). Pault-pl- 

?- 25 mar hmrr 

of m r t h q a  .lung tbir Arctic re i r r ic  tans a h a  thet the 

I ~trema myrrtsr en the Gr.ml.nd end of the ridge iu tanmionel am en the I 
rid-Atlantic ridge while th. Stberim mad of tha ridge is rcportd to 

be d a r  corpnmsiad stros (Lamreva and Mshari-, 1965; 

Scheidegger, 1966). The t r d  of ant*@ epicmuterm continues into 
I 

the Siberian ruinlami where i t  folltwa the VerWwymuk and Cherskf 

h a n t a i n n  (Laxusra .ad nimhsrina, 1965) .  Judgiag by the t ight  folding 

and plutonic r c t i r i w  of Muoeoic qp flamehim, 1966). md tha occur- 
I 

mnce of mntiu8nt.l drporirr of later 2(aroroic and Tertiary age, rhia I 
I ragion has a long himtaw of --ion p - 3 ~ ~  structures on trend 

r l t h  the northern .xt.alioa of the mld-Atlmtic ridge. 



A rurked dectsare in axplitudc of asgaetic u n u ~ l i a s  h l s  also bem 

abaetrd over the Arctic extansion of the a i d - A t l a t i c  ridge (Ostcnro, 

1968"P). According t o  Oatenso, this norrhwsrd attenuatfon of mgmtic 

d i m  might 3tuply that  the Arctic a t m s i o n  of the mid-Atlmtlc 

ridgo im under less tension. 

Theme data arm censiut~lt with t& concept tbat the Euru ian  Basin 

part of the Arctic is a thin wedga-shrpd opralng that wid- mouth- 

ward (cf .  Harlad, 1965). Thus the presrmt day rotatien of Uorth 

krrrica relative to  Eurasia m y  be thought of au a w e d g e - l i k e  miag 

narth of the Verkhgan~k fold belt. The m l g n i f i c ~ o r  of the 
either 

Verkbyanmk region tcprerenting a plate boundary bringing tmther  A 

I originally widely reparated crustal blocks (ef. Wilson, 1967) or acting 

m & temlnw of the m i d - A t l a n t i c  r i ft  eyatmn stgalrisfic Bramian 

~oatirrat and with r#, separation acroes i t  La a problem bmywd the 

mop. of thim p a w .  

I The pole of rotation for North kmerica wfth rappect t o  Ervrrria 

I of fractura zmem I M O ~  the northern part of the aid-Atlantic ridac-- 

LePichon, 1968) and 73, 8 ,  96.5. E (using the bst fit of Greenland to 

Europr--Bullard m d  othera, 1965). These poles lie i n  the Soviet 

Axetlc juat muthPrart of the mnd of the Eurarian Basin. Concrldetirry( 

all the inherent probl- of entimating p a l a - p l e a  of continental 

d r i f t ,  it i r  probdsly nigrtif5unt that the calculated palem of rotation 

are no near the a p u  of the Eurasian Baain-brthern Atlantic open in^, 
again euggeeting 8 binam zone aa one side of which there is tenaion 
and on t h e  other earpreaslla. 



A. dating of mapt ie  .naaulies in the Arctic hur not beau dons, 

the epruding history in thr Arctic is dif f icul t  to  empara w i t h  the 

A t l a ~ t i c .  Spreading could have started in the central Atlantic and 

a~t-ion may be a young feature in  an d r y o n i c  state of davel- 

mt. Camrarmly, r p r d n #  in the Arctlc m8y have startd at the 

8 . r  t i u  as in tha cmntral Atlantic but proceeded at a much 81- 

nta .  

Irtimactr of m e a  floor r p m d i n g  ia the North Atlantic indicate 

rprudiag l a  utandsd back in t-, then the velcrnic rock. of unrth- 

r u m  M m w l  8nd the squlmlmt v o l w i c  m c k ~  of Rockwall Bank 

off tb. w a ~ t  of tb Brltimh X m l s r ,  mch locatrd 600 kg f r o m  th. rldgt 

rad 48- am 60 m.7 .  old. ''may be rclatml t o  tha first rifttag which 

vw W b e e m  the Atlantic 0ce.n in th iu  Irtitdm" (Friend, 1967). If 

t h l ~  1,200 km of to ta l  meparatton has occurrmd on tha Atlantic atdm of 

bringing h r t h  krtrica and Eurasia cloacr together asmumlng they were 

either rmputred acrou  an originally larger Pacific basin or canamtcd 

acroma the Bering-Chaltrrhi continental 6ar6, 



%re are in fact rhnrp b e d s  in the strueturea of 8outh.m 

Alub m d  Chuicotka that ham bmen intarprated u producte of d r i f t  of 

North k i c a  relativuly -rd Eurasia (Grants, 1968). Thwe etlmcd 

rtrmctarrem inc lda  the long faults in southrtn Alamka ( f ig .  26) and 

tho- iR the mak Hotmtaipl of Chukoth. W m i c  a d  older 

trc-e sl-tr ( f ig#.  1, 17, aad 18) that are mbparallml to  theme 

fadm r;lm reflet rn b d  ia the s r r r t i w b i e  hits of blruL.. %re- - - c u d  co~Einent81 u r g i n  of the kriw S.8, GUM ef UauL*, 

and p u i b l y  the aortbard p r o l q t i t m  of thm Chmkchi ahelf e m  

8 - 4  the @&chi Cap could a180 be prodnctr of th i s  - 
(fi&. 20). 

A carplieatIan of thim sirpl5fird anrlymlr af compreoaiaul 

hd* in the Alh-CbPtcorlta region as r comquence of t r u i d  

of the Ifhatic ir tbt the r t W f  m a d  moathrrm ebatinan- 

tal visa of Aluka tnd C'hu)cotka rrad m o r  a£ the mubprrallrl tr.rdl 

l a  tha 6trrtlgraphic .ad mmactural belt* farther i n l a d  q k the 

r d t  of thrrwthg af the Pacific floor agaiart the a m t i n m t d  

urg- of Alub and Chrbtka-a h~pothaslm mppurtd by -5- of 

argastlc a n o d i e m  in the krlf of Alaska (Pitman .ad Hay-, 1968), 

f a d t o  and fold8 alslg the Gulf of Alrmlr* (Stan*ley, 1967) and I n  the 

KaryrL Momtrio. af ehukotka (1Bag8urov i n  P i e v e ,  1969), a d  land - 
-tm ao~ociatd  wlth the Alarka sarthqtlrLs of 1964 (Plafker, 1969)'. 



-17, the gwlagic history aroond the margin of the Csluda 

Baain together d t h  gtophyaical data from the basin itself provide 

I ways of rnrvering tpamtdonm cotcarabg the aRe 4 origin af thir part 

of the Arctic 0-m huh. 

b tha atratilpsphic data pr*.antad earlirr, t h e n  i a  rrldsacc 

that .a mrly ?al.owic -lime t h  C.P.& Win. Stmrtin~ 

in th Upper M~Q, uplift8 in thfa ~ y n d i n a .  accompanied by 

--tic intrusion p r o d d  rd- of eisarse c l n t i e  aedilrrts that 

mpnwd mopthmrd -to a d j o i n ~ ~ , & r m a a  of Almka, Canada, mnd Sibmria. 

I Intqmatrtioar af geephysical data indicate that tha C a d  b i n  i a  

I fhomd by m ocmmlc cmst ( O l i v l a r  and athen ,  1955) aad m m  to I 
I 

brnr a "fonail" mid-occuric rid-the Alpha Cardillera W g t  m d  

Om-, in pr~sm) .  The W d r  Baain wodld thw appear to bm 8 tnw 

a d  probably wmy mncient ocean barin by a Pale~zolic w b i l e  

b X t  (Cburkin, 1969). 

th Cmdirn Arctic fsl.nd8 ab thQ ans hrnd m d  Alaska md Sibarla m I 
the other, is t b t  the mtirm Arctic Ocem Barin w a t ~  treatad by a 

EL-e spi- of L.rga-rcah rift ing (Carmy, 195 S: cf. Tailleur. and Brosgh, 



If bath the Canrda m d  E u r a s i r n  b u i .  w r e  formed during 

dngh period of rifting, it 1. difficult to explain the laronosw I 
Mm, a mrraw, premably  m l c r t r i t ,  mbmarine ridge that is 

oriantd a t  right angler t o  tbs dir~t lomz af rift but $6- wt 40 be 

of fut  (Eardley, 1944).  A be l t  of defozmd Paleamic sialic rockm an 

tb rarthern c a u t  of Ellamwre Islaad (Trattin, 1969) and tnatbcr in 

thm Mmr Siberian Inlands (lkgdanor, 1963, f ig .  66) have b.ra found to 

linr up wlth the aPbrrrlna m o a a v  B i d ~ e ,  aupparting t k  +Iw that 

tBI ridge ir a eontiaental outlier. ?ur&arrom, bath the Alpha (Vogt 

a d  Oatenso, ,in p r u r )  and R a m e n  6ordillera (Dsamnit8kn.3ra a d  

Kmr+rik, 1967) that b a a  been intrrprrtod m rdd-aceanie riilw arc 

o t g r a t d  -17 parallel to the Laeoaowv Ridge, m d  t h q  a&o meem 

not to be offset: by t h  pomtdited rift (fis. 25). Whm the Arctic 

b u i n  im cons idad  as r whole, the l u g e  dSffmrmncer be- the 

Eurau3,an b.sinm indicate that its m a l l  tcctbaic, hietory 

bas barn far too complicated t o  be explainable by r 6iagle epiaoda of 

rifting. It: i r  readily marent frar the bathpttry that the Euraeian 

basin i a  elongatd at right angler to the Cam& Baain ( f i g .  25). The 

Eurnsfan basin har urnmatially straight continental margins that seem 

t o  match. The C m d r  k i n  on the other hand has a rather atralght 

margin along thm M i a n  Imlandm, bat along its Alaskan-Siberian s i d e  

har the Chukchi Cap, a large prhrpm detached cantiamtd lobe 

(~unlcins a d  other*, 1962) that  ha^ no cormterpart along I t s  Canadian 

rid&. The Eur-irs basin contains the aairrically active extension 
of the dd-Atlantic Ridge, whereas the Canada hasin, v i t h  I t s  
inactive Alpha Cordillera, probably is a much older depressian. 
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Figure 2. Precambrian rocks and metamorphic complexes that 
may include Precambrian strata. 

EXPIANAT I O N  
Definitely Precambrian 

Predominantly dolomite, limestone, 
and shale 

Canadian shield 

Probably Precambrian 

Predominantly quartzite and dolomite 

Metamorphic rocks, age uncertain but may 
include Precambrian strata 

Predominantly schist; minor gneiss 
and marble 

. . 
1. Charley ~iver Area 

Tindir Group - ~ertie, 1933; Brabb and Churkin, 1969 
2. Porcupine River 

"Tindir Group" - Kindle, 1908; Brosge and others, 1966 
3. Eastern Brooks Range 

Neruokpuk Formation - ~ r o s g b  and others, 1962; Reiser, 1970 
4. Yukon-Tanana Upland 

Birch Creek Schist - Mertie, 1930 
474 - + 35 m.y. KIA - Forbes and others, 1968 

5. Seward Peninsula 
Slates in York Mtns. and Kigluiak 
Schist - Moffit, 1913; Sainsbury, 1969 
750 m.y. Rb/Sr whole rock date on gneiss; 450 m,y. ~ b / S r  whole 
rock date on dike - Sainsbury, written comun,, 1970 

6 .  Alexander Archipelago 
Wales Group - Buddington and Chapin, 1929 

7. Lower Kuskokwim Region a 

Gneiss and schist overlain by unmetamorphosed Devonian limestone - 
Boare and Coonrad, 1961 

8. Chukotsk Peninsula 
Gneiss mantled by schist 1587-722 m.y. Kl l i  - Gnibidenko, 1969 

Argillite in bottom of Simpson well 592 + 18 m.y.  
KIA whole rock date (M. Lanphere - in ~rosg&, 1970). 







Figure 4 ,  Cambrian rocks .  

EXPLANATION 

Definite Cambrian 

--- Predominant ly  l i m e s  tone and do lomi te  

1. Char ley River Area 
H i l l a r d  Limestone, Adams A r g i l l i t e  
and Funnel Creek Limestone;  Brabb, 
1967 

Probab le  Cambrian ba"sed on Oldhamia, (fan-shaped 
trace fossil, Churkin & Brabb, 1965b) 

-- 
> ++>&F.. ;:. w,+!,3 A r g i l l i t e  and q u a r t z i t e  

a 2 Nat ion River  area 

3 Crazy Mountains 

0 . 4  Mount Schwatka 

Nonfossiliferous s t r a t a  of p o s s i b l e  Cambrian ' 

age below know Ordovician 

Arg i l l a ceous  and d o l o m i t i c  limestone 
below Ordovician l i m e s t o n e  (Sainsbury,  
1969a) 

~ r ~ i l l i t e  and p l a t y  l i m e s t o n e  below 
Lower Ordovician g r a p t o l i t i c  sha le  
(Churkin ,  Reed, and Kerr ,  1969 
f i e l d  data)  , 





Figure  5 .  Ordovician r o c k s .  

EXFLANATION 

+; Predominant ly  limestone and dolo- 
mite 

.- . - - +- 
- - G r a p t o l i t i c  s h a l e  and cher t  

,yv Volcanic-bear ing,  graywacke, s h a l e  
and c h e r t  assemblage 

1. Seward P e n i n s u l a  
I P o r t  Clarence Limestone- Steidtmann 

and C a t h c a r t ,  1922 ;  Sa insbury ,  1969a.. 

2. Upper Kuskokwim River 
Eakin,  1918; Brown, 1926.  

3 .  Alaska Range- 
T a t i n a  Group; Brooks, 1911; Terra 
C o t t a  Mountain sequence-Churkin, Reed, and 
Kerf, 1969 field o b s e r v a t i o n s  

4 .  White Mountain Area 
Sainsbury , 1965 

5. Porcupine River 
Kind le ,  1908; C a i r n e s ,  1914 ( ~ r o s g k  and o t h e r s ,  1966) 

6 .  Charley River  Area- 
Road River  Formation, Jones Ridge 
l i m e s t o n e ;  Churkin and Brabb, 
1965h; Brabb, 1967. 

7 .  Livengood Area 
F o s s i l  Creek v o l c a n i c s ;  M e r t i e ,  
1937; s h e l l y  f o s s i l s  r e p o r t e d  t o  
be  i n  uppermost F o s s i l  Creek v o l c a n i c s  
can be i n t e r p r e t e d  as coming from basal 
p a r t  of o v e r l y i n g  Tolovana 1,inestone 
(Churkin,  1968 f i e l d  o b s e r v a t i o n s )  

8. Alexander Archipelago 
Po in t  Descon Fcrmation; Budd ing ton '  
and Chapin, 1929;  Brew and o t h e r s ,  1966; 
E b e r l e i n  and Churkin,  i n  press.  
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L E G E N D  

C O N O D O N T S  (T. Ovenshine, 1968, oral cornrnun.) % Limestone in lower port of  McConn Hill Chert- 

8 CORALS Conodonts, ostracodes, ten tacu l~ t ids ,  brochio- 

BRACHIOPODS 
pods, pelecypods, corols, fish, trilobites, bry- 

. 0200. (Churkin and Brabb,  1967  
TRILOBITES 

@ GASTROPODS 

GRAPTOLITES 
F i g u r e  8. C o r r e l a t i o n  c h a r t  of S i l u r i a n  r o c k s .  



Figure 7. Silurian rocks 

z2- Mainly dolomite and limestone 

- - - -- - Non-volcanic shale and chert 

Volcanic rock, graywacke, conglomerate, 
shale and chert assemblage; thick 
limestone occurrences indicated by 
pattern 

I 

I 
1. Livengood area 

Tolovana limestone (in part) - Mertie, 1937; 
Church and Durfee, 1961; P&W& and others, 1966 

2. Porcupine River 
Kindle, 1908; Churkin and Brabb, 1967 

3. Charley River area 
Road River Formation (upper part) - Churkin 
and Brabb, 1965 

Upper Kuskokwim River 
Brown, 1926 - 

Kuskokwim River 
Holitna Group (in part) - Cady and others, 1955 

Alaska Range (Terra Cotta Mtn. sequence) 
Churkin, Reed, and Kerr, 1969 field data 

7. York Mountains 
Sainsbury, 1969a 

7a. Northeastern Baird Mountains 
Thrust slice of Skajit Limestone - Tailleur and others, 1967, p .  1352 

8. Glacier Bay 
Willoughby Limestone; Tidal Formation; Pyramid Peak 
limestone and Rendu Formation - Rossman, 1963 

9. Kosciusko Island 
Bay of Pillars Formation; Kuiu limestone - Muffle?, 1967 

10. Prince of Wales Island area 
Buddington and Chapin, 1929; Brew and others, 1966 
Point Descon Formation; Heceta Limestone; K,arheen Formation - 
Eberlein and Churkin, 1970 

Radiometric dates 
431 Romanzof granite satellitic intrusion (Reiser, 1970) 
406 Teaakee area, Chichagof Island (Lsnphere and' others, 1965) 
416 Annette Island (Berg, 1970) 





Figure 11. Devonian rocks--excludes coarse terrigenous r o c k s  of Upper 
' 

Devonian and M i s s i s s i p p l a n  age (Nation River ,  Kanayut, and Kekitulc Formations 
(cf.  Gryc and o t h e r s ,  1967) .  

SOURCES OF DATA 4 d l  

Porcup ine  R i v e r  
Sa lmont rou t  Limestone (Churkin and Brabb, 1967; Brosgh and others ,  1966) .  

Jones Ridge area 
Thick l i m e s t o n e  below McCann H i l l  Cher t  (Churkin and Brabb, 1965) .  

Western and Cen t r a l  Brooks Range 
S k a j i t  Limestone,  unnamed l imes tone  and s i l t s t o n e ,  and Hunt Fork S h a l e  
(Brosgh and o t h e r s ,  1962 ;  Sable and Dutro ,  1961; Bowsher and Dutro; 1957; 
Tailleur and others, 1967; Chapman and o t h e r s ,  1964) .  

S a d l e r o c h i t - S h u b l i k  l lountaii ls  and vicinity 
Nanook Limestone and Katak turuk  do lomi te  (Dutro ,  1970) .  

N o r t h e a s t e r n  Brooks Range 
Neruokpuk Formation ( q u e s t i o n a b l e  Devonian age) ( ~ r o s g h  and o t h e r s ,  1962;  
S a b l e ,  1965;  Reed, 1969 ;  Reiser, 1970) .  

White blountains 
(Sainsbury, 1965) .  

C e n t r a l  Kuskokwim River  
Hol i tna  Group (upper par t )  ( ~ a d y  and o t h e r s ,  1955). 

Seward Peninsula 
(Revised a f t e r  Smith and Eak in ,  1911,  and ear l ier  workers ) .  

Topagoruk tes t  w e l l  
5 0 0 ' f  che r t  p e b b l e  conglomerate  and s h a l e  ( C o l l i n s ,  1958) .  

Char ley  River  area 
Upper p a r t  of Road River  Format ion,  McCann H i l l  Chert (Churkin and 
Brabb, 1965; 1367) .  

Livengood area 
Tolovana Limestone (upper  part) (P&wk and o t h e r s ,  1966; Church and 
Durfee, 1961) .  

Yukon River 
ISoodchopper Volcan ics  (Mer t i e ,  1930; Brabb and Churkin ,  1969) .  

East Alaska Range 
( M o f f i t ,  1 9 5 4 ) .  

C e n t r a l  Alaska Range 
Limestone o v e r l y i n g  Tonzona Group (Brooks,  1911) ;  Limestone i n  v i c i n i t y  
o f  F a r e w e l l ,  Alaska (B.  Reed, o r a l  commun.# 1968).  

Upper Kuskokwim River  
(Revised after Smith and Eakin, 1911). 

Lowcr Kuskolcwini Biver  a 

( W a r e  and Coonrad, 1961; Hoare, 1961) .  h 

Glacier Bay 
Black Cap Limestone (Rossnan, 1363) .  

Chichagof I s l a n d  
Fresliwater Uay Format ion,  Cedar Cove Formati on, Kennel Creck Limestone.  
(Loney and o t h e r s ,  1963) .  

Admiral ty  I s l a n d  - Keku S t r a i t  
Hood Bay F o r x a t i o n ,  C a m b i e r  Bay Formation (Loney, 1964 ;  M u f f l e r ,  1967) .  

P r i n c e  of \:ales I s l a n d  
I l ~ d l e i g I - ,  Licies  tone ,  Coronados V o l c s n i c s  and P o r t  l?efugio Fornn t iv t l  
(Ebc~r lc in  and C l~u r l c in ,  1970) .  

Chukotsk P e n i n s u l a  
(I:rasny, J 9 6 4 ;  Gnibidenko, 1 9 6 9 ) .  



i * ., vc 11. . *T.,,.. ? A p  - -- -1 - * - -  coarse, terri~enous rot Ls of Umer Devnnian age (Nat i c i q  S i v r r ,  
Kanayur and Kekituk F o r r a t  10"s) Tcf.  C-yh- and o c : ~ ~ l ~ .  l,.,;, . 
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Figure 12. Correlation c h r t  of Devonian rocks. 





Figure 14. Carboniferous rocks 

LEGEND 

-- 
1 . -  Mainly limesCone, minor shale, sandstone, and chert 

T-_1- 

/,/,/ Limestone, shale, and sandstone 
$ ,' 

vYL) Limestone, graywacke, conglomerate, shale, and chert in sequence 
v .with volcanic rocks 

1. Lake Peters 
Kayak Shale, Lisburne Group (Brosgk and others, 1962). 

2. Shainin Lake 
Kayak Shale, Lisburne Group (Bowsher and Dutro, 1957; Patton and 
Tailleur, 1964). 

3. DeLong Mountains 
Lisburne Group (Sable and Dutro, 1961). 

4. Lisburne Peninsula 
Lisburne Group (Campbell, 1967). 

5. Topagoruk test well 
Red beds of uncertain age (Collins, 1958). 

5a. Prudhoe Bay oil field 
Kayak Formation and Lisburne Group (Rickwood, 1970). 

6. Cape Mountain 
Steidtmann and Cathcart, 1922; Sainsbury, oral cornmun., 1969). 

7. St. Lawrence Island 
Lisburne(7) Limestone underlain by Devonian dolomite (W. Patton and 
Dutro, 1969). 

8. Kaiyuh Hills 
Nonfossiliferous volcanic rock (Mertie, 1937a). 

9. Livengood-Yukon River area 
Livengood Chert (Mertie, 1937b). 

10. Porcupine River 
(~rosgk and others, 1966). 

11. Eagle area 
Calico Bluff Formation, Ford Lake Shale (Brabb and Churkin, 1967). 

12. Central Alaska Range 
Totatlanika Schist (PAW& and others, 1966). 

13. Eastern Alaska  Range 
Rainbow Mountain Sequence (Rowett, 1969). 
Chisna Formation (hioff i r ,  1954). 

14. Chitina Valley 
Strelna Formation and Klutina Group (Mof f it, 1938). 

15. Kuskokwim River 
Gclnuk Group (Lower non-fossiliferous part) (Cady and others, 1955). 

16. Nushagak District 
Non-fossiliferous siliceous rocks below Permian limestone (Mertie, 1 9 3 e ) .  

17. Chichagof Island 
Iyoukeen Formation (Loney and others, 1963). 

18. Kuiu Strait area 
Saginaw"Bay Formation (Muffler, 1367). 

19. Craig area 
Peratrovich Formation, Klawak Formation, Ladrones Limestone 
(Eberlein and Churkin, 1970). 

20, Sortheast U . S . S . R .  
(Krasny, 1964). 





Figure 16. Permian rocks 
LEGEND 
- 

---1--3 ---.\ -4 .I Mainly ~imestone 

- , . . . .  , . Sandstone, siltstone, shale, chert, and, in places, chert p e b b h  
. . I  

conglomerate 

/*- V y d ,  Basaltic lava~, volcaniclastic rocks, graywacke, conglomerate, 
shale, chert, and minor 1.imestone 

1. Topagoruk test well 
Includes some chert pebble conglomerate (Collins, 1958). 

la. Prudhoe Bay oil field 
Sadlerochit Formation (Rickwood, 1970). 

2. Lake Peters 
Sadlerochit Formation (Brosgh and others, 1962; Dctterman, 1970). 

3. Shainin Lake 
Siksikpuk Formation (Bowsher and Dutro, 1957; Patton and Tailleur, 1964). 

3a. Nuka Ridge 
Nuka Ridge Formation, arkosic sandstone and limestone (Tailleur and 
Sable, 1963). 

4. Lisburne Peninsula 
Siksikpuk Formation (Canpbell, 1967). 

5. Porcupine River 
(~rosg& and others, 1966). 

6. Eagle area 
Tahkandit Limestone (Brabb and Churkin,  1969). 

7, Yukon River 
Step Conglomerate (Brabb and Churkin, 1969). 

7a. West edge of Yukon Flats 
Rampart Volcanics of questionable Permian age (l3rosg6 and others, 1969). 

8. Susitna River area 
(Ross, 1933) .  

9. Eastern Alaska Range 
Mankomen Formation (Moffit, 1954; D. Richter, written cormnun., 1968; 
Bowett, 1969). 

10. East Wrangell Mountains 
Skolai Group (Iloffit, 1938; Smith and NacKevett, 1970). 

11. Lower Yukon River 
Permian fossil bearing limestone (500'-1000') overlain conformably by 
4500' of greenstone (Smith, 1933) .  

12. Nushagalc area 
Permian limestone overlain confornably by tuff (Mertie, 1938). 

13. Goodnews Bay district 
Permian limestone interlayered and grades into fine grained siliceous 
sedimentary rocks and volcanic rocks (Smith,. 1939; Hoare, 1961). 

14. Cape Kekurnoi area 
Permian limestone associated with volcanics (Hanson, 1957). 

15. Chilkat,Range 
Limestone and graywacke (Lathram and others, 1S59). 

16. Chiciiagof Island 
Goon D i p  Greens to t l~  (Loney and others, 1963). 

17. Admiralty Island 
Cannery Formation and Pybus Dolomite (Loney, 1964). 

18. Keku Strait area 
Cannerv, B a l l e c k ,  and PySus Forlnations (hluffler, 1967). 

Cllukatka, NE USSR 
(Krasny  , 1 9 6 4 ) .  
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Figure  18. Late Mesozoic and Tertiary tectonic features 
(modified after Payne, 1955; Gates and Gryc, 1963) 

EXPLANATION 

--- T e r t i a r y  ba s in s  and troughs of - = detrital sedimentation. Mostly 
- non-marine 

fl Marine 

$$ T e r r e s t r i a l  volcanic rocks 

- Late Mesozoic, mainly Cretaceous . a ', ' basins and t roughs  of thick . . 
detrital sed imenta t ion  

1% Areas of Mesozoic and in part 
A Tertiary uplift and eros ion .  
A Arrows indicate d i r e c t i o n  of 

sediment t ranspor t  





E X P L A N A T I O N  
Fold belts Platforms 

Circum- Pacif ic Paleozoic ond younger deposits on 
Muin& of Cenozoic age Precambrian basement 

~oca' t ion of columnar sections shown 
Verkhoyons,k in  figures 2 2  and 24- 

Moin/y of Mesozo~c oge 

Circum - Arc t ic  
Mainly of Po/eozo~c age 



Figure 26.--Major structural features of northern Circum-Pacific 
and adjacent parts of the Arctic (after King, 1969; 
Yanshin, 1966). 

Structural elements: 

1. Denali-Farewell-Holltna Fault System 

2. Chatham Strait Fault 

3. Tintina Trench 

4. Kocky Mountain Trench 

5. Chugach-St. Elias-Fairweather Fault System 

6. Kaltag Fault 

7. Brooks Range - British Mountains thrust and fold belt 

8. Richardson Mountains fold belt 

9. Nahoni-Ogilvie-Wernecke Mountains fold belt 

10. 'Mackenzie Mountains thrust and fold belt 

11. Koryak thrust and fold belt 

12. Verhoyansk fold b e l t  

-- - 
/-- - - Generalized trend of folds 

# Transcurrent f a u l t  arrows show inferred movement 

fl Thrust fault barbs on upthrown Side 

, . . .' :' .: . 
Arcvate trends in continental margins . , 
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Figure 2 2 .  Correlation of the ?alc*z.irc drd;gr~around the Canada Baain, 





Figure Z+. Correlation of Precambrian and Paieozoic rocks across the central ~ r f s  of Chukotka and 




