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Paleozoic and Precambrian rocks of Alaské

and their role in its structural evolution

By Michael Churkin, Jr.

Abstract
Acknowledéing that there are large gaps in the knowledge of the

geology of Alaska, the following threefold subdivision of Alaska into
Paleozoic tectonic elements is proposed:  Southern Alaska-—-the Alaska
Range and farther south--is the northern end of the Paleozoic Cor-
dilleran geosyncline that rims the eastern Pacific. Northern Alaska--
the northeastern Brooks Range and the Arctic Coastal Plain--is underlain
by a pre-Upper Devonian fold belt that may continue around the rim of
the Canada Basin into the Franklinian geosyncline of tHe Canadian Arctic

Islands. East-central Alaska, with a thinner, mainly carbonate rock

section, seems to be a western extension of the Yukon shelf that separates

the circum—-Arctic geosynclinal trend from the Cordilleran geosyncline

along the Pacific margin of southern Alasks.



o In southeastern Alaska, deposition
of graywacke, polymictic conglomerate, and argillaceous rocks inter-
bedded with pillow basalts, breccilas, and tuffs prevailed throughout
-most of the Paleozolc. One exception, a widespread red-bed conglomerate
and cross-bedded sandstone sequence of Upper Silurian(?) and Lower
Devonian age, marks a regional break in sedimentation. Local - thick
limestones made up of fragmented fossils indicate reef and shallow-
water shell bank development. Very rapid facles changes reflect
rugged bottom relief largely controlled by volcanic activity. The high
proportion of volcanic rocks and some plutonic intrusions of lawer
Paleozoic age that have closely associated thick lenses of Bynorogenicv.
boulder conglomerates Ilmply high tectonic mobility. Isolated exposures
of similar Paleozoic rocks in the Wrangell Mountains, Alaska Range, and
the Alaska Peninsula, suggest that the coarse detrital-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

northeastern U.S.5.R, where similar sequences occur,




In northern Alaska a
deformed belt of pre Upper-Devonian strats containing interlayered
volcanie tocks occurs in the northeastern Brooks Range. In the Arctic
coastal plain farther west boreholes have pen#trated steeply dipping,
weakly metsmorphosed rocks that probably belong to this same fold
belt, thereby suggesting that a largely buried and partially destroyed
basin or geosyncline of pre Upper-Devonian age (probably early
Paleozoic and late Precambrian) lies along the northern edge of Alaska.
Thick sections of chert-rich detrital rocks of Upper Devonian and
farther north of Mississippian age, lie unconformably on this
ancestral Brooks geoasyncline and were derived from uplifts within the
geosyncline. These clastic depogits that are at least in part of
nonmarine origin, continue around the edge of the Canada Basin from
Alaska east into Ellesmere Island and west into Wrangell Island.
Absolute age determinations indicate that the intrusion of granitic
rocks around the margin of the Canada Basin was probably related to
the same mid-Paleozoic orogeny that produced the wedge of Upper
Devonlan-Migsissippian conglomerate and sandstone. After the Orogeny,
marine shale and carbonate rock were again deposited arocund the edges
of the Canada Basin. 1In the Brooks Range the basge of the Carboniferous
section becomes progressively younger fnorthward, and the whole section has more
terrigenous detritus in the northern parts of the Range. ‘This north-
ward transgression, plus the fact that the unconformably overlying
Permian in bore holes north of the Brooks Range is a chert-pehble
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 east-central Alaska Cambrian through Devonian
time is represented by a thin but nearly complete seduence, mainly of
limeatone. Along the Yukon River, which is the south edge of the
Yukon shelf, thin graptolitic shale and cﬁert and, in places, Devonian
pillow basalt, indicate a transitional facies into the Cordilleran
geosyncline farther south. In the late Devonian, thick nommarine
conglomerate and sandstone were apparently derived from uplifta
within the nearby geosyncline, starting the upper Paleozoic cycle of
higher tectonic activity in the interior parts of Alaska. Carboni-
ferous rocks in east~central Alaska form a thin sequence of intee-
bedded limestone, shale, and chert. Pre-Parmian erosion has removed
most of the Carboniferous, and the Permian is a thin sequence of
conglomerate, sandstone, and limestone,

Nonvolcanic, nearly pure carbonate sections in the Seward Pen-
insula and in parts of southwestern Alaska, especially those represent-
ing the lower Paleozolc, suggest that the carbonate shelf type of
sedimentation characteristic of east-central Alaska may have extended
into westérn Alaska. Similar strata on St, Lawrence Island and on
Chukotak Peninsula indicate that this belt of mainly carbomate rock
continues west acfoss the Bering Straits thereby linking the geology

of Alaska to Asia.



During the Mesozoic and Cenozoic the broad Paleozoic sﬁratigraphic
belts of Alaska were deformed into a large number of troughs and
uplifts, Batholithic intrusions, volcanism and metamorphism together
with penetrative folding and fgulting during the multiple episodes of
Mesozoic and Cenozoic orogény have largely obscured the Paleozoic and
older structures. However, the patterns of basins and uplifts in the
Megozoic and, to a lesser degree, in the Tertiary tend to follow the
trend of the Paleozoic stratigraphic belts that form their basement.

Around the rim of the northern Pacific basin there are obvious
extensions of the fold belts of Alaska into Yukon Territory and
British Columbia on the south and Chukotka (northeastermnmost U.S.S.R.)
on the west. Another, though leas obvious, correlation of fold belts
is around the edge of the Canada Basin,

In evaluating continental drift in the Axctic, there is no direct
evidence for large scale drift between Alagka and Chukotka, 1In fact,
the North American and Eurasian continents probably were connected
acrogs the Alaska-Chdkotka isthmus during the time of major drift in
the Atlantie.

Sea floor spreading that formed 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 Alagka and Chukotka may be
in part results of compression in this narrow continental segment
linking Eurasia and North America as the two continents separated

acrossg the Arctic and northern Atlantiec.



Introduction

Alaska, being & narrow isthmus connecting North America to
Eurasia, is a key to understanding the geologic correlations around
the northern Pacific on the one hand and the geology of the éircum-
Arctic areas on the other. Besides serving as a link between North
America aﬁd Furasisy Alaska is important in evaluating the ancieat
histories of the Arctic and northern Pacific Oceans through a study
of its continental margina, Finally, Alaska plays a vital role in
testing theories of continental drift and sea floor spreading in the
Arctie,

Although a number of stratigraphic and tectonic summaries of
Alaska have been made, these have focused mainly on Mesozoic and
Tertiary rocka (Mertie, 1930b;Smith, 1939; Eardley, 1948; Payne, 1955:
Gates and Gryc, 1963). Knowledge of Paleozolc and Precambrian rocks
in Alaska has substantially increased since Schuchert's first maps
covering North America were published in 1910. To date, however, there
is no repional synthesis of the Paleozoic or Precambrian history of
Alaska using the latest data to make modern correlation diagrams,
lithofacies maps, and paleotectonic maps useful in Iinterpreting earth
history. It is my goal here to summarize the present knowledge of the
Paleozoic and Precambrian rocks of Alaska and to iInterpret their role

in its tectonic and structural development,




The paper has two parts: l)regional Btratigraﬁh& and 2)
tectonic and structural history, The first part attempts a systematic
summary of Precambrian and Paleozolc rocks found in Alaska. The
‘gacond part of the paper is the writer's interpretation of the
tectonic and structural evolution of Alaska based on the data presented
in the first part and om structural and geophysical data. Bessause of
the great variation in the level of our knowledge of the different
areas of Alaska and for the sake of brevity, only the more thoroughly
studied stratigraphic successions are discussed. This is done by
showing the most important columnar sections for each geologic
pfovince. A list of the major literature references is given to
guide the reader in obtaining details.

Acknowledging that there are blg gaps In the present knowledge
of the Paleozoie rocks of Alaska, especially fn 1its southwestern asd
central interior parts, the wtiter proposes a three fold tectonic

subdivigion of Alaska (figs. 1, I1).

Figure 1 near here




Apparently, during most of Paleozoic time sediméntation in
Alaska was controlled by the Cordilleran geosynciine in its southern
part and by several geosynclinal cycles in northern Alaska along the
‘southern edge of the Arctic Basin. In the interior of Alaska the
Paleozolic record is less clesar, but at least in east-central Alaska
& western extension of the Yukon shelf seemed to have separated these
two geosynclinal trends.

Detailed stratigraphic studies have been made in some areas in
conjunction with recommaissance geclogic mapping. However, in wmost
places where Paleorzoic rocks have been mapped, their ages and strati-
graphic succession are poorly known because of structural complexities
and incomplete knowledge of fossils and other tools for correlation.
The stratigraphic sequences of east-central Alaska and southeastern
Alaska are emphasized because they are among the most thoroughly
studied, seem to be the most complete, and are the most familiar to me,
It must be emphasized that the correlations, and consequently the
general interpretations offered, are only preliminary. The asccelerated
program of geological 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 changes
in even the broadest tectonic outline,

For a summary of the Paleozoic stratigraphy and teetonic history
of Canada adjacent to Alaska the reader may refer to Gabrielse (1967),
Gabrielse and Wheeler (1961), and Ziegler (1969). For a regional analysis
of parts of the Soviet Union adjacent to Alaska the following references are

useful: (Belyi, 1964; Bogdanov, 1963; Bogdanov and Tilman, 1964; Egiazarov
and others, 1965; Gnibidenko, 1969; Krasniy, 1966; Tilman, 1962; Yanshin, 1966.
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Stratigraphy
Precambrian
Until recently, large areas of metamorphic roecks in the central
and southern.parts of Alaska were considered Precambrian (Smith, 1939:
Dutro and Payne, 1957)., With the realization that younger formations
extend into these areas of high metamorphism, many of these metamorphic
complexes are now considered as embracing much younger rocks. Radio-~
metric dating has shown that the metamorphism in the Yukon-Tanana
Upland, thought to be dominantly Precambrian, is in some part Mesozoic
(Wasserberg and others, 1963). One difficulty in determining that any
rocks are Precambrian is that only in a small area of east-central
Alaska are there rocks that can be definitely recognized as Cambrian
by their fossil content. These are known to stratigraphically overlie
still elder rocks--the Tindir Group. As a result, many of the previous
Precambrian assignments outaide this small area, especially in the case

of metamorphic rocks, are somewhat in doubt (fig. 2).

Figure 2 near here

Unmetamorphoged rocks.--The term Tindir Group was first applied

to a thick sequence of unmetamorphosed sedimentary rocks that conform-
ably underlies fossiliferous Middle Cambrian limestone along the
Alaska-Yukon Territory boundary (Cairnes, 1914). Mertie (1933) studied
the Tindir in the vicinity of the Yukon River where it i1s best exposed
and subdivided it into seven units.

11
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More reéently part of this area was mapped and studied in greater

detail (Brabb and Churkin, 1965; 1969). The following five map unita,
totaling over 11,000 feet, were then established:
Lower Cambrian
Adams Argillite: argillite, siltstone and quartzite;

rare limestone lenses and greenatone. Contains

archaeocyathids, trilobites, worm(?) burrows and

Oldhamia, 300-600 feet thick.

Funnel Creek Limestone: massive limestone and dolomite.

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

Upper Precambrian

Tindir Group
Thin-bedded limestone member: dark-gray laminated

limestone with slabby and platy partings;

interbeds of greenish-gray shale, siltstone

and sandstone; minor sandy limestone,

laminated dolomite, calcarecus dolomite And

chert-carbonate gritstone. B800-1,500 feet thick.
Dolomitic sandstone and shale wmember: 1light-gray,

thin- to medium-bedded doloarenite snd olive~gray

shale; minor gritstone and conglomerate. About

2,500 feet thick.

12



Basalt and red-bed member: dark-greenish-gray basalt, commonlv
amypgdaloidal and with pillow structure; minor basaltic tuff.
Red and grayish-red hematite-rich shale and siliceous irom
formation; minor greenish~gray shale, jasper, greenatone-dolo--
nite conglomerate, and vitric tuff and lava, largely replaced
by hematite and carbonate. 2,500 feet.

Magsive dolomite member: 1light- to medium-gray, laminated,
cliff-forming dolomite; minor chert, doloarenite, silicified
dolomite breccia, dolomite-chert gritstone, and dark-gray shale.
Cut by diabase dikes. about 3,000 feet thick.

Shale member: grayish-black carbonaceous shale; minor interbeds
of quartzite, limestone, and dolomite. Some lenticular medium-

- gray ﬁtromatolite—bearing limestone, Cut by diabase dikes.

Rase apparently not exﬁosed. A few thousand feet thick,

Diabase dikes, especially abundant in the lower parts of the
Tindir, are probahbly related to the implacement of the stratigraphi-
cally higher lavas.

The rhythmically bedded giliceous iron formation that is
agsociated with the conglomerate of mixed composition and the mafic
volcanic rocks in the Tindir Group is probably correlative with
similar iron-rich beds of the Rapitan Formation (Babrielse, 1967) in

Yukon Territory.

13



Cairnes (1914, p. 56) originally thought fhat the Tindir Group
was eﬁtirely Precambrian or that it may have included Early Cambrian
at its top. Mertie (1933, p. 392) considered the Tindir as probably
entirely Precambrian, but the oldest fossils then known above the
Tindir were Middle Cambrian trilobites. More recent work has shown
that archaeocyathids of lowest Camstian age occur 500 feet above the
highest unit of the Tindir (Brabb, 1967). Furthermore, early Cambrian
trilobites and archaeocyathids occur in the Adams Argillite more than
a thousand feet above the top of the Tindir but no definite discon-
tinuity has been recognized as separating these fossiliferous horizons
from the Tindir (Brabb, 1967: Palmer, 1968). Thus, the top of the
Tindir Croup is considered by Brabb (1967) to mark the top of the
Precambrian in east-central Alaska. |

The only fossils known from the Tindir are well preserved
stromatolites (laminated algal structures) from lenticular limestone
in the dolomite and shale unit of the Tindir some 8,000 feet below
the early Cambrian fossils (Brabb and Churkin, 1969). A preliminary
examination of these stromatolites indicates a close simllarity to
stromatolites in rocks of late Middle Riphean age from the Aldan

Shield of Siberia (M. A. Semihatov, written commun., 1968).
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Lithologically, the Tindir resembles the Belt series exposed
in more southerly parts of the Cordillera. A direct biostratigraphic
correlation of the Tindir with the Belt however, has not been possible
because the stromatolites in the Belt, unlike those in
the Tindir are not of the columnar or cone-shaped types found to be
useful for correlation (Semihatov, oral commun., 1969). A comparison
of radiometric dates from the Belt (Obradovich and Peterman, 1968)
with those from the Late Precambrian of Siberia suggests indirectly
that the upper part of the Tindir is late Middle Riphean in age
(950 - 1350 + 50 m.y., Semihatov, oral commun,, 1969) and correlates
with the upper part of the Belt Series.

The base of the Tindir is not known, but rare boulders of
granitic rock and gneiss in the upper part of the Tindir suggest
that an igneous and metamorphic basement of earlier Precambrian age
is not far away. Metamorphic rocks in the Yukon-Tanana Upland have
been postulated as representing this earlier Precambrian (Mertie, 1937b),
but igsotope dating of these rocks has generally not verified their

postulated Precambrian age.

15



In the western part of the Chariey River Auadrangle, 50 to 70
miles west of the Tindir type area, are ummetamorphosed sequences of
limestone, argillite, basaltic lava, and distinctively laminated
dolomite that resemble the rockas of the Tindir Group (Brabb and
Churkin, 1965). Stromatolites like those in the dolomite and shale
member of the Tindir (Semihatov, written comsmun., 1968) also occur in
these western exposures, indicating a much larger distribution of
Late Precambrian rocks in east-central Alaska than formerly recognized.
Similarly laminated dolomiteS, again closely associated with basaltic
lavas but containing nondiagnostic stromatolites that may be either
Proterozoic or Paleozoic ((Semihatov, oral commem., 1969),
also occur in the Livengood district still farther west (Churkin,
unpublished field data).

Along the Porcupine River, some 150 miles north of the Tindir
section on the Yukon River, rocks included in the Tindir Group
(Cairnes, 1914) are mainly quartzite and dolomite., The following
is a composite section made from exposures within a 5 mile distance
upstream and downstream from New Rampart House where the International

border crosses the Porcupine River (Brosgé and others, 1966):
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Devonian
Massive dolomite and limestone. Abundant Amphipora and
Cladopora
Fault Zone
Precambrian (?)
"Tindir Group"
Argillaceous dolomite member: thin-bedded to laminated,
platy and slabby. Black chert nodules and layers.
About 400 feet thick.
Massive upper dolomite member. About 400 feet thick.
Black ghale and thin-bedded limestone member. About
300 feet thick.
Lower dolomite member, About 200 feet thick,
Upper quartzite member: very light-gray, fine-grained,
thin-bedded and cross-laminated. About 800 feet thick.
Sandstone and shale member: iInterbedded quartz-arenite,
shale and siltstone; weathers grayvish-red. About 250
feet thick.
Lower quartzite, white to light-greenish-gray, fine-
grained, cross-laminated, More than 300 feet thick.
Total of 2,650 feet of rock exposed.

Base of section covered,

17




Correlation of this Porcupiné River section with the Yukon River
section of the Tindir is not possible with the data at hand. The
Porcupine River "Tindir" has some of the lithologies exposed farther
south, but has proportionately more dolomite and quartzite and less

shale (fig. 3). A brachiopod and gastropod collection from a quartzite

Figure 3 near here

section 50 miles north of the Porcupine River suggests that some of
the Tindir-like rocks in this area may he Paleozoic (Brosgé and
Reiser, 1969).

Older schists of uncertain age.--The name "Birch Creek Schist"

was first applied to schists in the Circle, Pairbanks, and Fortymile
mining districts of the Yukon-Tanana Upland (Spurr, 1898)., Various
authors subsequently extended the term to include most of the high-
grade metamorphic rocks in the interior of Alaska north of the Alasgka
Range., Then followed a period of restricting the term to ineclude only
rocks thought to be Precambrian (Mertie, 1937b), Originally the Bireh
Creek Schist was asaigned to the Precambrian on the basis of its
apparent structural position below Paleozoic rocks and its high
metamorphic grade. This Precambrian age assigmment has continued
(Mertie, 1937b;Dutro and Payne, 1957) but without conclusive confirma-

tion of 1its age based on stratigraphic relations.

18



The Birch Creek Schist in its type area consists largely of
quartz-mica schist and chlorite schist produced apparently by regional
metamorphism of mainly sedimentary rocks. Minor amounts of gneiss,
marble, serpentine, and greenstone are interlayered with the schist.
Well-developed zones of contact metamorphism border most of the
granitic intrusions in the Birch Creek Schist. Isotopic measurements
uaing Rb/Sr and K/Ar on micas from the schist and on granites
intruding it indicate that the Birch Creek has been partly recrystal-
1ized at gbout 180 m.y. in conjunction with the granitic intrusions
(Wasserburg and others, 1963). Besides the usual Mesoroic dates, a
474 + 35 m.y. date has been obtained anal&zing K/Agffom hornblende in
the Schist (Forbeg and others, 1968), According to Forbes, this early
Paleozoic date on the polymetamorphic rocks of the Birch Creek lends
support to their being derived in part by metamorphism of Precambrian

rocks.
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Recent mapping in the Yukon-Tanana Upland (Brabb and Churkin,
1969; H. L. Foster, 1969), the Fairbanks district (Péw; and
others, 1966: Forbes and others, 1968) and the northern Alaska Range
(Wahrhaftig, 1968; J. loare, unpublished data, 1967) indicates that
the Birch Creek Schist terrain is composed of polymetamorphosed
sequences in which the metamorphic grade as determined by different
mineral assemblages changes from place to place. Some of these
mineralogical changes accompanied by changes in penetrative structures
are abrupt and according to Forbes and others (1968) can be related
to juxtaposition of different metamorphic faciles by faulting. In the
Charley River quadrangle southeast of its type area the biotite- and
garnet-bearing Birch Creek Schist grades irregularly into or in places
ia faulted against lower grade chlorite and sericite achists, phvllite,
and sheared conglomerate and chert (Brabb and Churkin, 1969).

In the lower grade rocks relics of original sedimentary layeting
are readily visible, and in several places marble interstratified with
schist contains crinoid colummals (Mertie, 1930b, p. 44) presumably
of Paleozoic but possibly younger age. Two of these crinoid
localities are especially significant because they occur in rocks
along the international boundary that were mapped by Calrnes (1914)
as part of the Yukon Group that he considered to he Precambrian in age
and to include the Birch Creek Schist. .

Fossil fungi of probable Paleozoic ape (P. E; Cloud and
G. Lucari, oral commun., 1968) have also been identified from within
this belt of lower grade rocks.
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North and west of its type area the Birch Creek Schist is again
rimed by a belt of lower grade metamorphic rocks. Remnants of shelly
fossils in highly deformed and recrystallized limestones in the Crazy
Mountaine and farther west in the Livengood area indicate that these
low grade metamorphic rocks are at least in part Phanerozoic in age
(R. Chapman, F. Weber, and M. Churkin, Jr., unpublished field observa-
tions). The presence of the trace fossil Oldhamia in phyllitic shale
interbedded with quartzite indicates fthat part of this sequence is
probably Cambrian (Churkin and Brabb, 1965b). Positive evidence that
the Birch Creek Schist is derived in part from Precambrian strata
depends on future isotopic dating of some relic minerals that have not
been recrystallized by the Mesozolc intrusions and later structural
events, or by definitely establishing the stratigraphic position of
the Schist below an as yet undiscovered fogsiliferous section of
Cambrian age.

In the highlands between the Yukon and Kuskokwim Rivers of
wegtern Alaska (fig. 2) there are extensive areas of metamorphic rock
whose age has not been accurately determined. These achists, although
sometimes correlated with the Birch Creek Schist, are also without any

positive evidence of their age.
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In Seward Peninsula the oldest rocks long thought to be Precambrian
are slate and sandstone at the west tip of the Peninsula and sahists of
the Kigluaik and Nome Groups in the vicinity of Nome (Moffit, 1913).
The Port Clarence Limestone of Ordovician age, the oldeat foassil-
bearing rock in Seward Peninsula, was believed to overlie these weakly
metamorphosed slates of supposed Precambrian age (Collier, 19023
Steidtmann and Cathcart, 1922). Regional mapping by Sainsbury (1969a)
indicates that the Ordovician limestones are not in stratigraphiec
contact with the underlying slate but instead are thrust over the
slate. According to Sainsbury (1969a), the Ordovician limestome ia
conformably underlain by a nonfossiliferous argillaceous and dolomitic
limestone sequence gseveral thousand feet thick that could include rocks
of Cambrian or even late Precambrian age. The Kigluaik Schist exposed
in the west~central part of Seward Peninsula presents the best evidence.
that it and other high-grade metamorphic rocks in the area are con-
gsiderably older than the surrounding lower Paleozoic limestones and
way be Precambrian. The Kigluaik Schist, consisting mainly of mica-
schist, is exposed in a long west-trending structural arch that exposes
higher grade gneisses in its core (Collier and others, 1908; Sainsbury,
oral commun., 1968). The schistosity and compositional layering are
arched along the axis of the structure, and lower grade schists inter-
layered with marble form the structurally higher parts of the sequeﬁce
(Sainsbury, oral cowmun., 1968), NMassive limeatones rich in lower
Paleozoic fosailg flank this arch and are essentially unmetamorphosed
thereby suggesting that they are considerably younger than the schists.
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Radiometric dating using K/Ar isotopes of metamorphic rocks and
associated intrusions in the Seward Peninsula generally indicate
metamorphic-plutonic events of Mesozoic age (Sainsbury, 1969a). In
exception, Sainsbury (written commun., 1970) has obtained a 750 m.y.
date on gneiss from the core of the Kigluaik Mountains using the
Rb/Sr whole-rock method. A dike cutting this gneiss, according

to Sainsbury, gives a 450 m.y. Rh/Sr date.
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Metamorphic rocks with structural and stratigraphic relationa
similar to those in Seward Peninsula have been described from Chukotsk
Peninsula across the narrow Bering Strait (Belyi, 1964; Krasniy, 1966,
p. 46; Gnibidenko, 1969). Based largely on their high metamorphic
grade, these rocks in Chukotka have generally heen considered Precam-
bridn (Tilman, 1962; Belyi, 1964). Radiometric dating (24 separate
analyses) shows that in the Chukotsk Peninsula as in other metamorphic
terranes around the northwestern Pacific, the age of the metamorphism
rthgea from Paleozoic to Mesorzoic but is mostly Mesozoic in the inter-
val of 130 to 60 m.y. (Gnibidenko, 1969). In eastern Chukotka a number
of much older dates, ranging from 1500 to 700 m.y., have been obtained
on vocks in the same vicinity as those giving much younger dates
(Gnibidenko, 1969). This sugpests some Precambrian rock may be
involved in the mainly Mesozolc metamorphism. It seems reasonable to
consider these metamorphic rocks as earliest Paleozoic where they
grade into foassiliferous Paleozoic rocks and as proviaionally Pre-
cambrian where there is a sharp structural break between them and

fosailiferous lower Paleozole rocks.
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In addition to the belt of metamorphic rocks across the center
of Alaska, there are metamorphic rocks in other repions of Alaska that some have

suspected of being early Paleozoic in age and others have suspected of being

.Precnbrian—-the Wales Group of southeastern Alaska (Buddington and
Chapin, 1929); a narrow belt along the southerm margin of the Brooks
Range (Patton, 1957 Broagé, 1960);and the Neruokpuk Schist of the
northeastern Brooks Range (Brosgé and others, 1962: Reiser, 1970).
These rocks, without further work, cannot be accuratelv dated but
almogt certainly include rocks of Paleozoic age. The cccurrence of
any strata conclusively dated as Precambrian in these metmmorphic
complexes has not been recorded. However, the knowledge that granitie
rock intruding the Neruokpuk Formation is 430 +m.y. 0ld (Reiser,
1970) indicates tﬁaf some earliest Paleozoic and possibly older strata
may be included in the metamorphic rocks of the northeastern Brooks
Range.
Lower Paleozoic cycle of sedimentation

The Cambrian through Middle Devonian rocks in east-central
Alaska seem to be part of a cycle ofmearly continuous sedimentation,
In econtrast, starting in the Late Devonian, apparently older geosyn-
¢linal rocks within the Cordilleran and ancestral Brooks geosynclines
were uplifted, and wedges of coarse siliceous sediments, in part non-

marine, were deposited towards the interior of Alaska.
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" Cambrian
Cambrian rocks have bean found in Alaska only in a small area
at the west end of the Ogilvie Mountains where the Yukon River crosses

the International boundary (fig. 4). Fossils of definite Cambrian age

Figure 4 near here

wére first reported here by Cairnes (1914), and the stratigraphie
succession has been subsequently described by Mertie (1933) and Brabb
(1967). Kobayashi (1935) and Palmer (1968) have described the
trilobite and brachiopod faunas,

The Cambrian in most of this area ia represented by a limestone
and dolomite section that has shale and quartzite in its middle part
(fig. 3). In exception the Cambrian exposures in the northeastern
part of the area (Jones Ridge to Squaw Mountain) are all limeatone
and dolomite. The contact of the Cambrian with rocks of the Tindir
Group 1s accordant and probably conformable., The Hillard Limestone
at the top of the Cambrian section i8 overlain by chert and shale
(Road River Formation) that has rich late Lower Ordovician graptolite
fauna in its basal part (Churkin and Brabb, 1965a). The Road River
Formation rests unconformably on different beds of the Hillard
Limestone ranging in age from early Upper Cambrian to early Lower

Ordovician (Brabb, 1967) (fig. 3).
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probable Cambrian age that occurs in the Adams Argillite, also occur
in similar argillite and quartzite near Mount Schwatka and in the

Crazy Mountains (fig. 4) about 180 and 100 miles.

respectively, west of the Cambrian section along thé International boundary.

This suggests that large areas of terrigenous rocks in the central
interior of Alaska mapped originally by Mertie (1937b)as "undifferen-
tiated noncalcareous rocks of Devonian age' or as "undifferentiated
noncalcareous rocks of Mississippian age" include much older rocks of
probable Cambrian age. (Churkin and Brabb, 1965b).

Other areas in vhich Cambrian rocks may eventually be recognized

are primarily the areas of Ordovician outcrop shown in figure 5.

Pigure 5 near here

Especially promising are the well-hedded limestone sequences on Seward
Peninsula where, according co:; :fSainsbury (1969a), there are
thousands of feet of argillaceous and dolomitic limestone strati-

graphically below massive limestone bearing Lower Ordovician fossils.
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Ordovician

Ordovician rocks of different facles have been récognized in many
widely separated areas of Alaska (fig. 5). The stratigraphic
succesaion within these areas of Ordovician, however, is known in any
detail only in the Eagle area of east-central Alaska (Churkin and
Brabb, 1965a),in the Craig area of southeastern Alagka (Eberlein and
Churkin, 1970), and in Seward Peninsula (Sainsbury, 1969a). The
remaining areas of Ordovician rock ghown on figure 5 either have
Ordovician foesil collections made during the earliest reconnaissance
surveys (localities 2, 3, 4) or are structurally complex areas in which
the stratigraphic relations of the Ordovician rocks to other rocks is

unknown (localities 5,7).

Two facles of Ordovician rocks are developed in the Charley River

~

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

Figure 6 near here

r—

of the area graptolitic.shale and chert (Road River Formation) form a
belt that extends for 35 miles along the Yukon River. Only 7 miles
north of exposures of the graptolite shale facles is a contemporaneous
pure limestone section (Jones Ridge Limestone) that is several times
as thick as the graptolitic shale. This abrupt change in lithology is
believed to reflect a rapid facies change and 1s comparable to similar
changes of graptolite shale into carbonate rock farther east in Yukon
Tertitory (Churkin and Brabb, 1967).
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The graptolitic shale and chert section, Road River Formation,
rests unconformably on the Hillard Limestone. The base of this
section is marked by a few feet of black bedded chert and chert
conglomerate containing a coquina of phosphatic shells of the pod-
shaped crustacean, Caryocaris (Churkin, 1966). A rich sequence of
graptolite faunas Indicates that the Road River includes all of the
Ordovigian except for the earliest Ordovician (Tremadocian and lower
part of the Arenigian). The Road River Farmation is discontinuously
exposed, but in all the sections that span the Ordovician-Silurian
boundary there is no evidence of a stratigraphic break coinciding
with the systemic boundary (Churkin and Brabb, 1965a).

In the Jones Ridge area near the Alaska-Yukon Territory boundary
the Ordovician is represented by pure limestone except for a 60 foot
largely covered interval of chert, shale, and minor limestone that may
represent a wedge of Road River Formation lithology (Brabb, 1967).
Farther north, along the international boundary the Ordovician seems
to be represented by a pure limestone section that continues north as
far as the Porcupine River. Along the Porcupine River itself, there
are a few outcrops of very fine grained limestone that contain the
easily identifiable tabulate coral Tetradium together with other

Ordovician shelly fossils (Kindle, 1908; Brosgé and others, 1966).
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Outaide of east-central Alaska the only other areas with Ordovi-
clan sections that are mainly carbonate rock lie in western Alaska.
In the Seward Peninsula the Port Clarence Limestone and a number of
mappable iubdiviéions consist mainly of limestone but also have
dolomitic and argillaceous interbede. In the central York Mountains
these rocks aggregate at least 8,000 feet in thickness and represent
Eayly, Middle, and Upper Ordovician (Sninsbury,.1969a).

Farther south in the upper reaches of the Kuskokwim River, north-
eant of McGrath, Ordovician shelly faunas have been reported from a
nearly pure limestone and dolomite section (Eakin, 1918; Browm, 1926).
The Holitna Group of essentially pure carbonate rock further west in
the central Kuskokwim area may slso be Ordovician because Silurian and
Devonian faunas were collected from the upper horizons of the Holitna
Group (Cady and others, 1955). Further south in the White Mountain
area, Ordovician fossils were found in limestone sections that have
many interbeds of argillaceaus, silty, and sandy rocks
(Sainsbury, 1965). Very similar Ordovician limestones on Chukotsk
Peninsula (Krasniy, 1966, p. 74; S. G. Byalobzheskii, oral commun,;
Gnibidenko, 1969) suggest this belt of carbonate rock in west-central
Alaska contimues from Seward Peninsula west beneath the Bering Strait

to the northeastern tip of U.S.S.R.

29




In tﬁé Terra Cotta Mountains of the Alaska Range south of
Farewell, a thin though relatively complete section several thousand
feet thick of graptolitiec shale interbedded with limestone and sand-
stone has been established as ranging in age from the earliest
Ordovician‘through the Silurian (M. Churkin and B. L. Reed,unpublished
data). These sectiona in the Alaska Range, like the Road River
Formation farther east, suggest a transition from the carbonate rock
facies exposed in isolated areas across the center of Alaska to the
coarse detrital rock sequences of southeastern Alaska.

In cahtrast to the predominantly carbonate facies of Ordovician
rock in the interior and western parts of Alaska, a thick sequence of
graywacke, argillaceous rock, and. conglomerate rich in volecanic
detritus and interlayvered with pillow lavas, tuffs, and breccias is
exposed in southeastern Alaska (Buddington and Chapin, 1929; Sainsbury,
1961; Eberledén and Churkin, 1970). Limestone 1is absent in this
sequence except for occasional thin lenses of nonfossiliferous dark
limestone and for rare cohbles and boulders of dense limestone in

graywacke conglomerates rich in volcanic detritus,
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Graptolite faunlé in tﬁis sequence indicate all of the mafor
subdivisions of the Ordovician are present except for the lower parts
of the Early Ordovician (Tremadocian and lower Arenigian) which may
be present but may not be exposed since the base of the section 1s not
known, Deposition of the graywacke-volcanic assemblage was continuous
through most of the Ordovician and Lower Silurian (Llandoverian) but
changed locally into wery thick limestone accumulation by Middle
Silurian (Wenloekian) time (Eberlein and Churkin, 1970),

The volcanic rocks that appear sporadically throughout the eutiré
Paleozoic section of southeastern Alaska are alkali-rich basaltic to
andesitic pillow lavas, breccias, and tuffs grading in many places
into volcanic conglomerates and sandstones. Graptolites from inter-
bedded shales in the %ower part of the section date a succession
of submarine volcanism from different centers during Early Ordovician
through Early Silurian time.

Local disconformities and thick wedges of volcanic boulder
conglomerate indicate repeated uplift that was in part probably related
tovel@anism, A potassium-argon isotope date of 446 + 22 m.y. on a
quartz monzonite pluton in Prince of Wales Island (Lanphere and
others, 1964) further indicates that a period of magma generation
accompanied the orogenic activity. CGranitie boulders in the Ordovician
conglomerates could have been locally derived from intrusions of about

this age.
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In contrast to the generally coarsely detrital-sediments in
southeastern Alaska there is a lithofacies of thinly and rhythmically
interbedded black chert and siliceous graptolitic shale (member of the
Point Descon Formation). These rocks in their lithology and fossils
very closely resemble parts of the Road River Formation of east-central
Alaska and the graptolitic shales in the Terra Cotta Mountains of the
Alaska Range..

Silurian

The Silurian rocks closely parallel the pattern of sediméntary
facies established in Ordovicilan time. Furthermore there does not
geem to be a promounced break in sedimentation aeross the Ordovician-
Silurian boundary anywhere in Alaska (Churkin, in press).

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

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

Pigure 7 near here

figure 7 from which Silurian fossils have been reported but where the
stratigraphy is less well known are the Livengood-White Mountains
area; the Nixon-Fork area in the upper Kuskokwim River drainage; the
middle Kuskokwim area; and the central York Mountains of Seward

Peninsula.

32



In the southern Brooks Range, the widely distributed massive
limestone (Skajit Limestone) was assigned to the Silurian until
Dutro (in Brosgé and others, 1962) determined that the large
brachiopods in the Skajit first thought to be Conchidiim, a

Silurisn guide foseil, are really Stringocephalus, a cosmopolitan

genus known only from the Devonian (fig. 8). More recently, a

Figure 8 near here

pentameroid brachiopod of probable Silurian age (Dutro, in Tailleur
and others, 1967) is reported from limestone mapped as Skajit in the
northeast part of the Baird Mountains of the waestern Brooks Range.
Siluriasn and older rocks may also be present in the low-grade meta-~
morphic belt in the southern Brooks Range, within the thick Neruokpuk
Formation of the northeastern Brooks Range (especially since Silurian
graptolites have been reported in close association with the Neruokpuk
Formation of the Bairgﬁbuntains) and in the Sadlerochit Mountains
where a thick asequence of mainly dolomite occurs below limestone of
Devonian age (Dutro, 1970). A single potassium-argon isotope date

of 475 m.y. on hornblende from a mafic voleanic rock in the Doonerak
Mountain area of the south-central Brooks Range suggests that the
volcanic rock and associated slate and shale there may be Ordovician

(Lanphere, 1965}, thus supporting am early Paleozoilc age for

‘some of the weakly metamorphosed nonfossiliferous rocks that are

widely distributed in the Brooks Range.
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A few collections from limestones on Seward Peninsula have

been reported to contain Silurian and Devonian shelly fossils along
with the more numerous Ordovician faunas (Smith and Eakin, 1911;
Sainsbury, 1969a). Undoubtedly, with further work it will be possible
to separate units of widely varying ages in this area of predominantly
carbonate rpcks. Work in progress by C. L. Sainsbury in the Don River
area north of Teller has established a richly fossiliferous limestone-
dolomite succession that spans the Ordovician-Silurian boundary with
no apparent stratigraphic break. The essentially pure carbonate rocks
in the Kuskokwim region suggest that this stratigraphic belt covers
much of southwestern Alaska before it becomes an argillaceous facies
along the southern margin of the Kuskokwim region (Cady and others, 1955).

Farther south, in the Alaska Range, Silurian rocks had not been
reported until recently. The Paleozoic sequences there are mainly
siliceous detrital and volcanic rocks that appear to be transitional
and, in some cases, similar to the volcanic-rich siliceous detrital:
facies of southeastern Alaska. In 1969 the first Silurian fossils were found
in this remote area (M. Churkin, B. L. Reed, and J. W. Kerr, unpublished
data). They are well-preserved graptolite faunas near the top of a
rather thin intervél of rhythmically interbeddéd shale and siliceous
shale. Subsequently, Silurian graptolites have been found from a number
of horizons in a stratigraphically higher platy limestone and sandstone

section.
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In the central inﬁerior of Alaska and extending across the
Porcupine-Yukon triangle 18 an area of discontinuous exposures of
carbonate rock of Silurian age. These start in the White Mountains
north of Fairbanks where the 2,500-foot~thick Tolovana Limestone rests
on a thick sequence of siliceous clastic rocks and volcanics, the
Fosail Creek Volcanics, reportedly of Ordovician age (Mertie, 1937b).
In detail the massive Tolovana Limestone and dolomite is directly
underlai® by a poorly exposed section several feet thick of tuffaceous
carhonate rock containing tabulate corals in growth position
(4. Churkin, Jr., R. Chapman, and Y. Weber, 1968, field observations).
The tuff grades lower into volcanic boulder conglomerate which in turn
l4ies on a section thousands of feet thick of siliceous clastic rocks

and pillow lavas, the Fossil Creek Volcanics proper.
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Farther east along the Porcﬁpine River massive limestone and
dolomite of Silurian age form high bluffs in the lower Ramparts area.
A thin (100-foot thick) unit of black shale best 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 same Upper Silurian
graptolites is exposed downstream in the Lower Ramparts where it seems
to overlie the massive Silurian carbonate rocks. Thus the Silurian
succession along the Porcupine River resembles the Ordovician facies
on the Seward Peninsula, being mainly carbonate rock with a thin
horizon of graptolitic shale. Apparently the predominantly carbonate
facies exposed along the Porcupine River continues south into the
Charley River quadrangle, where the Silurian section rapidly changes
from carbonate rock at Jones Ridge to the pure graptolitic shale and
bedded chert farther south along the Yukon River, The Silurian-
Devonian boundary in the Porcupine River section as in the Yakon River
Section is not marked by a stratigraphic break in graptolite
successions.

From east-central Alaska this thin graptolitic shale and chert
section continues eastward into Yukon Territory where it is interrupted
by a thick limestone buildup in the South Illtyd Range and finally
grades into a platform section of dolomite mantling the Canadian shield
in Northwest Territories (Churkin and Brabb, 1967, fig., 10), In a
north-easterly direction from the Charley River area the graptolitic
shale and chert thicken into the Richardson Mountains, the type area
of the Road River Formation (Jackson and Lenz, 1962).
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9 and 10), The limestone itself varies from the light-~colored massive

Figures 9 and 10 near here

sublithographic limestone that makes up much of Heceta Island (Heceta
Limestone) to the dark thin-bedded argillaceous limestone (Tidal
Formation) in Glacier Bay. Locally, thick lenses of polvmictic con-
glomerate rich in volcanic detritus, limestone breccia, sandstone, and
argillaceous rocks are interbedded with the purer limestone. Most of
these limestones are rich in corals, stromatoporoids, brachiopods,
gastropoda, pelecypods, bryozoa, and calcareous algae. However,
calcareous smandstone and argillite (Bay of Pillars Formation) that
contains Upper Silurian graptolites show that limestone deposition in
reatricted areas did not commence until the Rate Silurian (Muffler,
1967).
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Lower and M{ddle Devonian
Devonian rocks are widespread in Alaska and form a nearly
continuous belt in the Broocks Range across the northern part of the

state (fig. 11). The Devonian System im Alaska has recently been

Figure 11 near here

sunmarized for the International Symposium of the Devonian System held
at Calgary (Crye and others, 1967; Tailleur and others, 1967; Churkin
and Brabb, 1967).

In the northern and east-central parts of Alaska the Middle and
more rarely the Lower Devonian sections of mainly limestone and
dolomite are part of a lower Paleozolc cycle of nearly continuous
sedimentation that started in the latest Precambrian or Cambrian.
Other areas of predominantly carbonate rocks are in the Seward
Peninsula and in the Kuskokwim River region where relatively pure
carbonate sections are known to contain Devonian as well ag Silurian
and Ordovician faunas (fig. 11).

In addition to these areas, more recent studies report the
following occurrences of Devonian carbonate rock: a dolomite sectiom
on St. Lawrence Island that lies helow limestone that correlates with
the Lisburne Group of Carboniferous age (Patton and Dutro, 1969)3
coral-rich limestone just south of Farewell in the Alaska Range (Reed,
oral commun., 1968: Churkin, unpub. field observations, 1960)3and

limestone and dolomite in the Sadlerochit Mountains of northeastern
Alaska (Dutro, 1970).
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Besides these nearly pure carbonate sections are widely
scattered areas of mainly siliceous detrital and volcanic rocks that
include subordinate limestones with Devonian fossils (locs. 8-13).
These probably represent a northern continuation of the stratigraphic
belr in aogtheaatern Alaska.

The section of thinly and rhythmically interbedded dark shale and
chert (McCann Hill Chert and the uppermost part of the Road River
Formation) in the Fagle area of east-central Alaska seems to represent
an intermediate facles separating the mainly carbonate rocks found
farther north from the siliceous detrital and volcanic rocks in south-

ecastern Alaska (fig. 13). This relatively thin ghale and chert

Figure 12 near here

gicrion of Lowar Devonian age grades eastward into thicker limestone
in the Nahoni Range-Blackstone River area of Yukon Territory (Churkin
and Brabb, 1967, fig. 10). The Silurian-Devonian boundary in this

graptolitiec shale sequence is placed above a Monograptus nilssoni-

Linograptus fapma of Late Silurian age and below shale with

Monograptus yukonengis in accordance with modern interpretations of

this boundary elsewhere. + Above the shale with M.
yukonensis are thin limestone beds with a remarkably varied shelly
fauna of Lower Devonian age (Churkin add Brabb, 1967). At Jones Ridee,
a short distance north of the Yukon River, these limestones thicken

markedly.
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Much farther north, the argillites beneath Triassic rocks at the
bottom of a hore hole at Point Barrow (Payne and others, 1951) ahd
Lower or Middle Devonian plant-bearing shale and chert-pebble
conglomerate from the Topagoruk test well 50 miles farther south
(Collins,‘1958) seem to indicate a northward change of the Brooks Range
Devonian carbonate section into siliceous terrigenous rocks. In the
northeastern Brooks Range the largely clastic Neruokpuk Formation
may include equivalents to these Devonian rocks found in the sub-
surface, However, in the Sadlerochit Mountains farther north there is
a thick Devonian and probably older carbonate section (Dutro, 1970).
The Sadlerochit Mountain section 1is difficult te interpret. It may be
an isolated buildup of carbonate rock or may indicate another major
belt of carbonate rocks parallel to those of the central Brooks Range
(fig. 11).

The Devoni#n of southeastern Alaska, like the underlying
Ordovieian and much of the Silurian, 18 mainly a graywacke, shale, and
conglomerate sequence interbedded and intertongued with basaltic to
andegitic pillow lava, breccla and tuff. These submarine lavas and
agsociated sedimentary rocks rich in volcanic detritus gréde rapidly
into thick limestones made largely of fragmented fossils, especially in
Glacier Bay, Freshwater Bay, and in several places along the west

coast of Prince of Wales Tsland (fig. 10).
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A good example of rapid facles change is seen in the vicinity
of Cralg where a nearly pure limestone section about 1,000 feet thick
(Wadleigh Limestone) composed mainly of varying proportions of

at a place
fragmented corals and stromatoporoids, intertonguesAA miles to the south
with l,SOQ feet of basaltic tuff, breccia, and pillow lava. Several
miles farther south this limestone is entirely absent, apparently due
to a faciea change into a thick sequence (Port Refugio Formation) of
pillow basalt, tuff, and volcanic breccia that is interbedded with
graywacke, conglomerate, and shale (Eberlein and Churkin, 1970). The
only limestone known In the sequence is a silty and tuffaceoua lime-
stone only a few tens of feet thick.

The base of the Devonian section over a large area of south-
eastern Alaska 1s marked by a distinctive unit of predominantly
conglomerate, sandstone and shale, the Karheen Formation, that is
characterized by redbeds and festoon crossbedding. In the Heceta-
Tuxekan Islands area, the Karheen conformably overlies massive limé-'
stone (Heceta Limestone) of Upper Silurian age and according to Kirk
and Amsden (1952) has an Upper Silurian brachioped fauna above its
base. Conodonts (A. T. Ovenshine, written commun.) and a tentaculitid
fauna (C. Carter, written compnun., 1969) from these beds seem to
suggest instead an Early Devonian age. Farther south the Karheen
Formation rests unconformably on Ordovician to Lower Silurian volecani-
clastic rocks and has an unusual assemblage of graptolites, vascular
plants, and corals of Lower Devonian age (Churkin and others, 1969:
Churkin and others, 1970).
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Upper Paleozole cycle of sédimentation
Upper Devonian
The Upper Devonian is dominated by clastic rocks throughout the
State. Chert pebble conglomerate, sandstone and shale (Kanayut and
Hunt Pork Formations of the Brooks Range and the Nation River Formation
of east-central Alaska) derived from uplifts within adjacent geosyn-
clinal belts started a cycle of thick aceumulation of coarse siliceous

detrital sediments in the interior of Alaska (fig. 13).

Figure 1) near here
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In the northeastern Brooks Rahge, Mississippian conglomerate

’ (Reiger, 1970) unconformably overlies the Neruokpuk Formation (region¥
ally metamorphosed Devonian(?) and older siliceous sedimentary rocks),
and as much as 10,000 feet of Neruokpuk strata were removed by erosion
below the unconformity (Reed, 1968).

Much farther south and on the other side of tﬁe Yukon shelf,
similar coarse clastic rocks (Nation River Formation) have a grada-
tional contact with Devonian siliceous shale and chert below., However,
clastie rocks similar to the Nation River Formation in the Livengood
diatriet lie with a marked unconformity on altered mafic volcanic rocks
and serpentinites, and the basal conglomerate has fragments of these
igneous rocks (Foster, 1967; F. Weber and M. Churkin, 1968, field
obgervations). This suggests that the Devonian clastic sediments in
the interior of Alaska had a source sevarate from similar clastic rocks
in the Brooks Range.

In southeastern Alaska there is gimilar evidence that plutonic
activity and synorogenic uplift affected the Cordilleran geosyncline
at various times during the Paleozoic (Lanphere and others, 1964; Brew
and others, 1966; Eberlein and Churkin, 1968). Branched plant stems
and spores are common in many of these clastic sediments and suggest
a nonmarine or, more probably, a near-shore deltaic origin,

Absolute apge determinations of granitie intrusien in the nerth-
eastern Brooks Range and in other places around the edge of the Arctie
(cean basin indicate that plutonic activity was probably related to the

the same mid-Paleozoic uplifta that produced the wedge of Upper Devonian
clastic sediments (Tailleur and others, 1967; Trettin, 1967; Churkin, 1969).
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Carboniferous
Yossils of Carboniferous age have been found in Alaska in
different lithic sequences ranging from pure limestone to predomi-

nantly volcanic rocks (fig. 14). Although rocks of Misaissipplan age

Figure 14 near here

are widespread, rocks of Pennsylvanian age have only recently been

positively identified and their known distribution is limited.
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The most continuous belt of Missigsippian rocks in Alaska
is along the Brooks Range, The Missigsippian is5 represented there
by the Lisburme Group, a 2,000~ to 4,000-foot~thick, essentilally
carbonate gsection that has variable smounts of nodular chert and
ninor shale (Bowaher and Dutro, 1957; Brosgé and others, 1962;

Armstrong, 1970) (fig. 15). The Miss{isaippian carbonate rocks are

Figure 15 near here

generally separated from the Upper Devonian conglomerate and sandstone
by a 100- to 1,000~foot thick unit of shale and argillite (Kayak Shale)
that has sandstone in its lower part and limestone at its top
(Tailleur and others, 1967; Brosgé and Tailleur, 1970),

In exception, in the Sadlerochit Mountains in the northeast corner of
Alaska, the Kayak is locally absent or very thin and Mississippian
earbonate rocks rest unconformably on Devonian limestone and dolomite
and in places on clastic rocks of Devonian(?) age (Reiser, 1970;
Armstrong and others, 1970)., Above the basal shale, carbonate rocks
progressively overlap one another to the north, so that in the central
Brooks Range they are Lower and Upper Mississipplan and further north
in the northeastern Brooks Range the section ranges from Upper Migsis-
sippian at its base through the Middle Pennsylvanian at its top

(ef. Brosgé and otherg, 1962; Armstrong and others, 1970). On the
Lisburne Peninsula, at the weat end of the Brooks Range, Campbell
(1967, p. 6) also reports that the base of the Lisburne may transgress
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time, becoming progressively younger--Early Missiassippian in the
south to early Late Mississippian in the north. This supgests a
northward migration of an essentially west-oriented shoreline through

much of Carboniferous time.
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Assuming a shallow shelf existed north of the Brooks Ranpe
and that the Lisburne Group was deposited in a northward marine
transgreésion onto this shelf a series of facles maps have been drawn
for various subdivisions 6F Carboniferous time by Armstrong and Memet
(1970). They also proposed the following depositional model of
enviromnments from south to north: starved basin (lime mud and chert),
slope (lime mud), crinoid garden (crinoid and bryozoan-rich clean
carbonate sandstone), oolite bank, back bank (bryozoan-crinoid sand-
stome with an increase in lime mud landward), and supratidal flat
(l1ime mudstone and dolomite).

South of the Brooks Range, Carboniferous rocks are known from
many small areas widely separated by Mesozoic rock cover or whose
lateral commections are obscured by igneous or metamorphic activity.

In the Porcupine-Yukon Rivers area Mississipplan and probably
gsome part of the Pennsylvanian (Brabb and Churkin, unpublished data)
are represented by a section of interbedded limestone and shale that
forms the rhythmically banded section at Calice Bluff, A thin-bedded
chert and shale unit of Mississippian age (Ford Lake shale) lies helow
the limestones of the Calico Bluff Formation and separates them from
the underlying sandstone, conglomérate, and shale (Nation River Forma-
tion) of Upper Devonian age (Brabb, 1969; Brabb and Churkin, 1969).
Pre-Permian erosion in this area has removed much of the Carboniferous

section (Churkin and Brabb, 1967, figs, 9, 10).
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In the northwestern part of the Yukon-Tanana region thera 1is a
poorly known sequence of mainly noncaleareous sedimentary rocks
including banded cherts (Livengood chert) that, on the basis of a
few seatterad fossil collections from rare limestones, had been
assigeed to the Migsissippian (Mertie, 1937b%). The occurrence of
0ldhamia from Mertie's belt of "undifferentiated noncalcareous rocks
of Mississippian age" suggests that at least some of the rocks
previeusly considered Mississippian are probably Cambrian (Churkin and
Brabb, 1965b;Churkin, 1968 field data). More work is clearly
netessary in this structurally complex region to determine the distri-
butiem and stratigraphy of Carboniferéus rocks,

S{liceous detrital rocks and volcamic rocks southwest of the
Yukon-Tanana region in the Kaiyyh Hills area and in the Yuskokwim
drainage (Mertie, 1937a;Cady and others, 1955) have been qultim!;l.y
assigned to the Migsissippian on the basis of lithic similarity and
their supposed stratigraphic position below fossiliferous Permian.

No conclusive evidence supporting a Carboniferous age for any rocks

in this vast region is known to datae.
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This seme lower Yukon-Kuskokwim area during the Devouisn was a
southwantern exteasion of the predomimsntly carbonlfn sedimentation
that affected east-cantral Alaska. Bewever, in the Permian sad
precumtbly starting with the Carbomiferous, sowthwesteras Alasks as
far merth as Norton Sound was sm area of silicesus detrital aad
velesuie rock sedimeutstion (Cedy end others, 1955, fig. 4). Farther
wast em St. Lawrence Island, there is a section at least 1,000 fest
thiok of limeatone and cherty limestems that clowely resembles deth
lithisally and fawmally the Migsissippism of the Brooks Ramge (Pattom
sad Butre, 1969). Furthermore, the presence on St. Lavreace Island of
Devenisn dolomite below the Mississippisn Limestone and a seetiom of
Triassic and, possibly Permian siltstome, shale, and chert sbeve it
farther indicates a close correlatiom of the section with thesa im the
Bredhs Range. Coral-bearing limestons of probable Mississippias age ‘
has ¥sen reported from the vicinity of Cape Prince of Wales at the
sast tip of Seward Peninsula (Steidtman and Cathcart, 1982). Ssinsdbury
(oral commun., 1970) verified the pressace of probsble Lisburne Lime-
stoss there but, aceordiag to him, the limestose is a structwrally -
isolated and largely recrystallised mass difficult to correlats. Thes,
in widely saparated areas along the far western edge of Alaska, one
finds & predominantly limestons facies north of Norton Sound that rims
the volcanic-rich siliceous detrital facles of probably partly

contemporaneous &ge im the Lower Yekom-Kuskokwim regiom.
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In the eastern Alaska Range a variety of rocks have been
questionably assigned to the Mississippian because they seem to be
strocturally below fossiliferous Permian rocks and lithically resemble
rocks (Strelna Formation) that contain Mississippian fossils in a
parallel belt nearly 100 miles farther south, These sequences of
questieasbly Mississippian age consist of sandstone, argillaceoss reck,
and conglomerate that are interlayered with prominent volcaniclastic
rocks and mafic lava flows (Moffit, 1954). Limestone is relatively
rare in the section, and all rocks have been altered in various degrees
by low grade regional metamorphism. Southwest of Fairbanks on the
north side of the Alaska Range the tabulate coral Syringopora, fouand
in tha Totatlanika Schist, suggasts a post-Ordovician, possaibly
Mijcio.ippian, age (Wahrhaftig, 1968); According to Wahrhaftig the
schist is derived wmainly from volcanic rocks. Minor interbedded

fossiliferous limestone lenses indicate a submarine origin.
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South of the Alaska Range the Strelaa Formation, originslly dated
as Mississippian by corals and brachiopods, is exposed slong the
Chitina Valley separating the Wrangell Mountains from the Chugach
Mountains farther south (Moffit, 1938). The Strelns Formation is a
complex of gresnstone (bedded basaltic lavas and tuffs) interstratified
with argillite, greenschist, chert, amd minor fossiliferous marble that
is estimated to be in excess of 6,500 feet thick; neither its top nor
base is known. Vork in progress by E. M. MacKevett, Jr. suggests that
the formation has Permian brachiopods im its type section. Furthermore,
the gemeral stratigraphy of the Strelna, although it is more metamor-
phosed, resembles parts of the Permian section nsarby (E. M. MacKevett,
Jr., oral commm., 1969). Somewhat higher grade quartz-mica schists
and amphibolite schists (the Klutina Series, and the Dadina Sehist),
west and north(?) of the Chitina Valley, are correlated with the

Strelna Formation (Moffit, 1938).




In several parts of the Alexander Archipelage of southeastern
Alagka there are volcanic-rich sequences similar to those in the
Chitina Valley. These are the most southerly exposures of Carbon-
iferows rocks in Alaska and are especially important in that the rocks$
are generally not alterad and contain very abundant shelly fossils
that permit detailed correlations in sn ares of rapid facies changes.
Withia southeastern Alaska the northerly exposures of Mississippian strata
on Chichagof Island are predominantly limestone (fig, 10). Parther
south i{n the Keku Strait area the Mississippian and Pennsylvanian
section {s limestone with volcanic and chert members in its lower
part (Muffler, 1967). Still farther south in the Craig-Klawak and
Susmas~Shelikof Island areas the Mississippian and Pennsylvamian ave
represented by a mainly limestone section that has chert in its lower
part (Ebetlein and Churkin, 1970).

Pennsylvanian rocks have not been widely recognized in Alasks.

In the Brooks Range, Pennsylvanian faunas have been recognized only
from the upper parts of the Lisburne Group (Broagé and others, 1962;
Armatrong and Mamet, 1970). Recent mapping im the Yukon River area
(Brabb and Churkin, 19¢9), combined with paleomtological studies from
the upper Calico Bluff Formation, suggest that there are a few place;s
in sast-central Alaska whers Penmsylvanian rocks occur, However, most
of the Pennsylvanian asd a large part of the Mississippian in east- .
central Alaska have been removed by ewesion so that Permian strata in
many places rest unconformably on rocks of Devonian age (Brabb and
Churkin, 1967).
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Yarther south in the Rainbov Mowntain area of the Alaska Range
a thick succession (about 7,000 feet thick) of volcanic graywacke,
tuff, siltatone, and limestone of Pennsylvanian age has baem recently
recogaized (Rowett, 1969).

In contrasst to most of Algska vhera Pennsylvenian foszils are
diffieult to identify or are missing, Pemasylvanisa rocks in south-
eastern Alaska are recognized by rich shelly fauwnas including an
.abﬂdnce of fusulinids (Dutro and Douglass, 1961; Douglass, 1968,
written commun.). The Pennsylvanian rocks in southeastern Alaska
oceur on Xuiu Islamd (Dutro and Douglass, 1961) and in two axeas on
the west side of Prince of Wales Island (Eberlein and Churkin, 1970).
They are predominantly limestone with varying amounts of nodular chert

and contain some chert and quartz detritua,
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Peraian
Permnian rocks are known from essentially all the areas in Alaska

that eontain older Paleozoic rocks (fig. 16). Seward Peninsula, where

Figure 16 near here

Permian has not been reported to date, is a noteworthy exceptiom.

In gemeral, Permian sedimentation throughout southeastern Alaska
(Muffler, 1967; Braw, 1968), the Wrangell Mountains (Smith amd
Mackevett, 1970), and the eastern Alaska ungQ.’Mehur, written
commun., 1968; Rowett, 1969} Petocg; 1970) clésely paralleled{the pattern that
develeped in the Carboniferous of deposition of sequences rich in
volesniclastic and voleanic rocks. In addition good Permian fammas
are kmown from the lewer Yukon-Kuskokwim area of southwestarn Alaska
vhere fossiliferous limestones 500-1,000 feet thick are knowa to grade
stratigraphically upward into mafic lavas and tuffs over 4,300 feet
thick (Mertie, 1938; Smith, 1939, p. 33). In the Goodnews Bay
district, on the coast of the Bering Sea, Permian brachiopods were
first reported (Smith, 1939, p. 33) from limeatone gssociated with red
and black slates. Subsequent mapping there i{ndicates that the Permian

limestone grades laterally into greanstone (Hoare and Coonrad, 1961).
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Pirniun limestone in close proxi‘ity to basaltie breccius;
agglomerates, and flows is known from a tiny islet off Cape Kekurnoi
on the southeast side of the Alaska P;ainiuln opposite Kodiak Island
(Hansom, 1957). This isolated exposure of Permism rock is ssparated
from the nearest Palsozoic rocks in the Enskokwim arsa by over two
hundred miles of Mesogoie and Quaternary cover.

Even more isolated than the Permian Limestone at Cape Kekurnel
is the report of Pemnsylvanian or Permian plants from Adak Islamd in
the middle of the Aleutian Island are a thousand miles to the west
(Coats, 1956). The plant material consists of about a dozem well-
preserved leaf impressions in a fine—grained wolcanic sandeteme
considered by Coats as part of a largely basalt unit that is similar
in appearance to the Tertiary and Quaternary volcanic rocks that form
most of the Aleutian Islands. In an attempt to explain this umique
oceurrence of Paleozoic rock in the Aleutians the plant locality on
Adak Island was studied and the sandstone matrix surroundimg the
plants was found to contain sbundant pollen and some pelecypods that
are diagunostic of Tertiary age (Scholl and others, in press). It 1s
concludad tﬁat these plants, although remarkably similar to Paleorxoie

species, are Tertiary.
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In the Lske Ilh-u—knhhak Bay area of the upper Alaska -
Peninsula, in Kenai Peninsula, and in Kodiak Island, fossiliferous
Upper Triassic limestons conformably overlies mafic volcanic flows,
breceias, and tuffs that have bean questionsbly assigned By wvarious
authers to the Permo-Triaseic (Burk, 1965). In these areas, seqoences
of slate, graywacke, chert, and volcamic rock of unknown age seem to
be older than the predominantly voleamic sequemces underneath the
Triassic limestone. Condidered still older, probably Palecwoic or
Precambrian, is a metamorphic complex of marble, schist, gnedss, and
quartzite. Large granitic batholiths that have reconstituted much of
the rocks in the area are known to be Jurassic and some are as young as
late Cretaceous (Reed and Lanphere, 1969). Thus, some of the more
metamorphosed rocks, presumed to be the oldest, could be as yowng as
early Mesozoic. The single exposure of fossiliferous Permism at Cape
Kekurnol suggests that detrital-volcanic rock facies of southeastern
Alaska extended during the Upper Paleozoic into vhat is now part of

the Alasks Peminsula.
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Permisn rocks are widely distributed in the Wrangell Meuntains
and adjacent parts of Canada (Moffit, 1938; and Smith .
and MacKevett, 1970). The Permian im this area consists of a slightly
metamorphosed sequence (Skolai Group) over 8,000 feet thick of sub-
marine basaltic flows, breccias, and tuffs that are interbedded with
volcamiclastic sediments, shale, and chert (Smith and MacKevett, 1970).
Cliff-forming massive limestone near the top of the sequence consists
mainly of fragmented shelly fossils that indicate a Permism and
probably Early Permian age. Age data are lacking on the underlying
volemaic flows and volcaniclastic rocks. The base of the sequemce has
not been recognized, but if the more highly metamorphosed amd deformed
rocks (Strelna Pormation) in the area are actuslly Misaissippism in
age, then this suggests that a structural discontinuity separates two
sequences of different metamorphic grade (MacKevett, oral commun.).
Locally, the Skolai Group is overlain disconformsbly by Middle
Trisssic strata and, more extensively, by the Nikolai Greemstome of

Late Middle and/or early Late Triagsic age (Smith and MacKewett, 1970).
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Farther north, in the upper Copper River valley and eastern Alaska
Range, there is a Permian section characterized by an abundance of
volcanie rocks interbedded with calcareous sediments (Mendenhall, 1905;
Moffit, 1954). In the vicinity of Mankomen Lake, (type section of the
Mankomen Formation), the stratigraphic section, mainly argillaceous and
sandy sediments about 5,000 feet thick, includes a series of massive
limegtone lenses up to 500 feet thick (D. Richter, written comsmun.,
1969). According to Richter, these rocks are conformably underlain by
200-1700 feet of fine- to coarse-grained vnlcaniclastics‘that econtain
Permian corals and fusulinids, and these rocks in turn are underlain by
andesitic lavas of Pennsylvanian(?) age. Overlying the Mankomsn
Formation is a section, about 5,000 feet thick, of amygdaloidal basalt
that has Permian brachiopods in massive reef-like limestones. Strati-~
graphically higher are Triassic and Jura-Cretaceous strata that rest
on the Pernian lavas with angular unconformity.

Farther west, in the Rainbow Mountain-Delta River area of the
Alaska Range, the Permian section is characterized by volcanic and
marine sedimentary strata rich in volcaniclastie detritus (Rowett, 1969;
Petocz, 1970). As in the Permian sections near Mankomen Lake farther
east, richly fossiliferous limestones occur in the upper part of the
ssction, and the lower part is mainly volcaniclastic rock iunterlayered
with argillacecus and graywacke sediments. Detailed stratigraphic
atudies in this part of the Alaska Range, coupled with studies of
coral faunas (Rowett, 1969) and of fusulinid faunas (Petocz, 1970),
make this section an fmportant reference point for Permian correlations

not only in Alaska but with sections that have similar boreal faunag
in U.S5.5.R., Canada, Greenland, and Spitsbergen.
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In the Nation River area nofth of the Alaska Range, the Permian _
is represented by relatively pure, massive limestone--the Tahkandit
Limestome. The Tahkandit is only about 350 feet thick and has
glaucoaitic sandstone and chert-pebble conglomerate at its base where
1t unconformably overlies the Nation River Pormation of Upper |
Devonisn age (Brabb and Churkin, 1967; Brabb and Grant, in preass).
East, west, and north of its type area near the nouth of Nation Riwer,
the Tahkandit brachiopod fauna is found in limy interbeds that are
part of a predominantly detrital facies of chert-pebble conglomarate,
sandstone, and siltstone-~the aiep conglomerate (Brabb and Churkin,
1969). Permian brachiopods are also known from limestone beds in
predominantly argillite sections exposed in the upper Black River,
some 50 miles north of the type Tahkandit (Brabb, oral commum., 1968).

8:111 farther north, on the Porcupine River, several hundred feest
of sandy, productoid brachiopod-rich limestone with minor shale and
chert interbeds of Carboniferous age is overlain by medium-dark-gray
siltstone with rare corals, brachicpods, and cephalopode of Parmian

age (Brosgé and others, 1966).
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At the west adge of the Yukon Flats, am assemblage of basaltic
flows, tuffs, and breccias including smaller amounts of interbedded
chert, shale, snd saadstone—--the Rampart Group--has been assigned to
the Mississippian on the basis of 2 few bryozoa from a lens of lime-
stoma questionably within the wvolcanic sequence or possibly from a
somewhat older horizon (Mertie, 19370, p. 126-127). Exsmination of new
collections, as well as the old collections, shows that this limsatone
bed is within the volcanic sequence and is more likely to be Permian
than Mississippian (Brosgé and others, 1969). The limestone itself is
compesed largely of pelecypod prismas like those of Inocerawws and, in
this respect, vesembles similar prisms in Permian limestons beds ia
east-osntral Alaska (Tshkandit Limestone) and im southwestern Alaska
(Gemuk Group). Hormblende from gabbro that seems to intrude the
Rampart volcanic rocks has an age of 205 + 6 m.y. (Triassic) based om

potassium-argon isotdpe dating (Lanphers, in Brosge and othars, 1969).
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IM- rocks similar to those of the Rampart Group but with a
smaller proportion of associated sedimentary rocks are found farther
east in the Crazy Mountains and in the vicinity of Circle aloag the
south edge of the Yukon Flats. These mainly fine-grained igmeous
rocks of basaltic composition were described by Martie as the Circle
Voleanics and correlated on the basis of lithie similarity with the
Rempart Group (Mertie, 19370,p. 127-128). A potassium-argom isotope
date of hornblende from the Circle Volcanics is 220 m.y. (M. Lanphere,
written commun., 1968), This iz a Triassic date that closely
corresponds to the 205 m.y. age of gabbro that seems to intrude Rampart
volcamic rocks (lrong‘ and othars, 1969). Aeromagnetic surveys indi-
cate that igneous rocks underlie much of the Yukon Flats and suggest
that the Circle Volcanies continue west with l{ttle interruption and
possibly comnect up with the Rampart Group volecgnics

(Brosgé and others, 1970), _ More recent work im this area
indicates that the Circle VOlcinica in their type area along the Yukon
River and farther west in the Crazy Mountains do not have textural or
structural characteristics that are exclusively volcanic (Churkin, 1968,
unpublighed field data). The Circle Voleanics, like the voleanics of
the Rampart Group, are reported to have many siliceous sedimentary
rocks interlayered with them (Mertie, 1937d). However, an exsmination
of the best exposures of Circle Volcanies in contact with sedimentary
rocks indicates that the "volcanics™ have very fine grained chilled
margins and that the sedimentary rocks, meinly argillites and

quartzitic sandstones, next to the® are re-crystallized so that
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argillacecus sediments are spotted slates (Churkin, 1968, field data).
Yurthermore, the Circle Volcamics in detail have cross-cutting
rulations with the sedimentary rocks, and fragments of the sadimentary
rocks have been incorporated into the intrusive rocks, in places
making up large selvages. Awvay from these contacts the Circle
Voleanics are dishases or coarse grained gabbros that are gemarally
porphyritic and, in places, have mineralogical layering. Takiag all
thess features into account, I believe the Circle Volcanics are not
1aves but intrusive rocks of probable Triassic age. Whatever the age
of the Circle Volcamics, upper Paleozoie or Triassic, their iantrusive
origin explains the absencs of volcanic datritus in the surrowading

sedimentary rocks of thig qun of geoclogic time.
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futnian rocks are widely distributed along the Brooks Range
(figs. 15 and 16) and are generally represented by only a few hundred
feet of argillaceous rocks, chert, sandstone, and conglomerate of the
Sikeikpuk and the lower part of the Sadlerochit Formations (Brosgé
and others, 1962; Bowsher and Dutro, 1957; Patton and Tailleur, 1964;
Campbell, 1967; Detterman, 1970). The Sadlerochit Formation is the
main reservoir rock in the Prudhoe Bay 01l Pield (Rickwood, 1970)
(fig. 15). An erosional hiatus'rapruscnting much of Pennsylvanian time
separates these Permian clastics from the Lisburne carbonate rocks,
but the time gap decreases towards the northeastern Brooks Rangs where
the Lisburne ranges upward into the Middle Pennsylvanian (Armstrong
and others, 1970). All these Parmian clasticas in turn are overlain
disconformably by the thin sequence of oil shale, limestone, and
sandstone of the Shublik Formation of Triassic age (Brosgé and others,
1962; Detterman, 1370).

A notable exception to this general hfratigfaphic sequence of
Upper Paleozoiec rocks is the enigmatic section of Mississippian and
Permian arkosic sandstone and limestone of the Nuka Ridge area on the
north slope of the DeLong Mountains (Tailleur and Sable, 1963; Tailleur
and Brosgé, 1970).

Up to this point, the paper has attempted to susmarize the
stratigraphic data available on Paleozoic and Precambrian rocks in
Alaska. The remainder of the paper thét follows attempts to interpret
their tectonic significance and their role in the structural evolution
of Alaska.
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| Interpretation of stratigraphic data-tectonic framework of sedimentation
Precambrian

The Tindir Group of esast-central Alaska, the only definite
Precesbrian known in Alaska, is at the northwest end of a long belt
of late Precambrian strata that runs south across Yukon Territory and
British Columbia into the northern Rocky Mowntains of Alberta,
Washington, and Idaho. The better exposed sections of these rocks
sesasure tens of thousands of feet. The great thickness of sedimentary
rocks (including minor basaltic lavas) that are distributed im this

long belt indicates 2 major cycle of sedimentatien of geosynclimal

propertions.
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No regional unconformities were found within the Ti{ndi{r Group,
and it seems to be accordantly overlain by fossiliferous Cambrian
rocks. Farther to the southeast the tops of both the Purcell and
Windermere Series of late Precambrian age (Belt Beries in U.S.) thae
may be correlative with the Tindir are marked by unconformities. Over
large areas these unconformities are 111 defined, but their existence
has been proved by regional mapping (Yates and others, 1966). In
parts of IOUthctn.Yukon Territory, a stromg wnconformity withim the
Proterogsoic separates Purcell rocks from the overlying Windermers
Series (Cabrielse, 1967), and the Windermere in turn is progressivaly
removed by erosion below the Cambrian. The Tindir is correlative with
a still undetermined part of the Belt Series farther south. Paleonto-
logical studies of stromatolites (laminated algal structures) from the
Tindir wmay further define the age of the Tindir and permit closer
corralation with the Belt Series farther south, on the one hand, and
on the other with the stromatolite-rich Late Precambrian rocks of the
Siberian Shield farther west,

The base of the Tindir is not known, but occasional boulders of
granitic rock and gneiss in the Tindir suggest that an earlier Precam-
brian igneous and metamorphic basement is no¢ far away. Uplifts of
metamorphosed rock in the central interior of Alaska, particularly the
Birch Creek Schist, have been postulated as representing earlier Pre-
cambrian. K/A isotopa dating, however, has not verified their Pre-
cambrian age. Preliminary Rb/Sr isotope dating of schists in the same
area and in the Seward Peninsula has produced a number of Paleozoic
and Precambrian dates and there now appears to be more hope of

unraveling the pre-Mesoxoic metamorphic history of Alaska.
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Lower Paleozoic

Cambrian through Middle Devonian rocks in east-central Alaska
;rl part of a cycle of nearly continuous sedimentation (Churkin snd
Brabb, 1967) (fig. 1). Elsewhere in the interior and northerm parts
of Alaska, Devonian and in places Silurian and Ordovician roeks have
been raported from s number of widely separated areas. Unfortumately,
most of these atratigraphic succeszions are structurally complex and
incomplete. Cambrisn rocks, although known with certainty oanly from
sast-cantral Alaska, probably occur in the Alaska Range (Churkim and
Reed, 1969, field data) and in Seward Peminsula (Sainsbury, 1969a).

Coarsa clastic deposits of Late Devonian age in east-central Alaska

‘and of Late Devonisn and Mississippian age in the Brooks Range indicate

indirectly sources of argillite and chert probably of early Paleozoic
age within the Cordilleran geosyncline to the south and from the
ancestral Brooks geosyncline in the north respectively (fig. 12).
Isotope age determinations of granitic rocks around the margin of the
Canadian Basin (fig. 13) indicate a period of intrusion probably
related to the same mid-Paleoxoic orogeny that produced these clastie
wedge deposits and marks the end.of the lower Paleozoic sedimentation

cycle,
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Ceydilleran geosyncline.--In southeastern Alaska where Lower
Paleozolice rocks are exposed alon; éhn presemt comtinental margin,
sedimeatstion was essentially continuwous from the Lounr Ordovician, the
oldest rocks in the ares, into the Upper Siluriam (fig. 10). The high
proportion of volcanic and voleaniclastic rocks together with ednglo;—
erates of mixed cb-po-ition, rapid facies chamges, and local discon-
formities in this section imply rapid sedimentation in a tectonically
active area. In the early Devonian a widespread sequence of tarri#mn
genous clastic rocks including red bads (Karheen Formation of Eberlein
and Chwrkin, 1970) marks a significant break in sedimentation within
the southeastern Alaska part of the Cordilleran geosyncline (Ovenshine
and others, 1969; fig. 13). This same conglomerate has been assumed to
be a tillite and has been cited as evidence of Paleozoic glaciation
(Kirk, 1918). However the lateat work has not revesled any data to

support a glacial origia.
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Thin to very thick lenticular biogenic limeatones of Silurian
and Devonian age occur in the section of the Cordilleran geosyncline
exposed in southeasaternm Alaska (fig. 10), The high proportion of reef-
building corals and stromatoporoids in these limestones suggests that
nearby reefs were periodically fragmented to provide the enormoue
volume of fossil fragments in the limestones. I have seen In thc‘
Willoughby limestone of Silurian age in Glacier Bay and in Devonian
limestone at several places om the west coaat of Prince of Wales
Island small patch reefs with coral and stromatoporoid skelatons
praserved encrusting each other in growth position. In most of these
limestones a nearshore shallow-water environnnnf of deposition is
indiecated not only by the shelly faun; but also by stromatolitic algae,
intra-formational breccias and oolitic limestone. In some of the
limesteone thick lenses of breceia snd conglomerate rich in volcanic
fragments suggest development of the limestone around volcanlec centers

and other prominences on the sea floor.
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Lower Paleozoic rocks of the coarse detrital, volcanic-fich faéieé
of southeastern Alaska are known farther south in the San Juan Islands
and in the northern Cascade Mountains of Washington (Danner, 1966) and
in the Klamath Mountains of northern California (Irwin, 1966; Churkin
and Langenheim, 1960). From southeastern Alaska this part of the
Cordilleran geosyncline, rich in volcanic rocks, pfobably continued
westward and may have connected with similar rocks of the Paleozoic
geosyncline in the Koryak Mountains of Northeast U.S.5.R. (Bogdanov
and Tilman, 1964; Belydi, 1964; Egiazarov and others, 1965). In south-
central and southwestern Alaska, poorly kngwn and structurally complex
terranes of detrital sedimentary and wvolcanic rocks that contain some
fossiliferous limestones are part of this Cordilleran geosynclinal belt.
These widely separated sequences probably are part of a stratigraphic
belt thét more or less rimmed the northern Pacific Basin and that now
is largely buried by.younger rocks or obscured by regional metamorphism

and plutonic activity mainly of Mesozoic age (fig. 1) (Churkin, 1969).
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A thick carbonate-quartzite sequence (The Millard miogeosynclinal
belt of Kay, 1947) should theorstically lie north of the volcanie-rich
eugeosynclinal belt of southeastern Alaska. Except for the thick
carbosate rocks in the Kuskokwim River region of southwestern Alsska
(Cady and others, 1955; Sainsbury, 1965) and possibly in Seward
Peninsula (Sainsbury, 1969a) thick sequences of pure carbonate
rock are virtually mknown in central Alaska (fig. 1). Howewer, in
parts of the Alaska Range limestone sections especially those of
Devonian age have been ryported (Moffit, 1938; Brooks, 1911; B. Reed,
oral commun., 1968). , ‘ . These
isolated limestone masses are inliers surrounded by predominantly
terrigenous rocks and probably raepresent biogenic limestone buildups
in a predominantly clastic section as do the similar limestones in
southeastern Alaska. In the Eagle area of east—eentral Aln.k‘
Paleozoic sedimentation started with the deposition of thin Cambrian
limestone conformable on late Precambrian strata. Rapid changes in
lithofacies, the presence of oolitie 1ntrafornationa1 boulder and
edgewinse conglomerate, rich trilobite, brachiopod, and archeocyithid
faunas suggest a shallow-water turbulent marine enviromment for the

area during most of the Cambrian (Brabb, 1967).
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In contrast to the generally coarsely detrital rocks in south-
eaatern Alaska is a thinly and rhythnicillf;interbedded black chert
and siliceous shale lithofacies in east-central Alaska that has thin
interbeds and partings of graptolitic shale (Churkin and Brabb, 1965a).
Lower Ordovician through Lower Devonian, a span of about 100 million
years, seems to be represented here by only 900 feet of section
vithout any sign of a significant stratigraphic break. This cousually
thin stratigraphic section probably represents a long period of slow,
deepwater sedimentation. These silfceous rocks continue east into
northern Yukon Territory where they thicken to form the Richardson
Basin (Jackson and Lenz, 1962). A similar graptolitic shale section
that again spans most of the Ordovician and the lower Silurism in
Jess than a 1,000 feet of section has recently been found in the
Alaska Range southeast of Farewell (Churkin, Reed, and Kerr, 1969 and
1970 field data). Similar, but in places reportedly much thicker,
sequances of chert and graptolitic shale, which in addition contain
minor amounts of pillow basalt, characterize the FPrazer eugeosynclinal
belt of the central Creat Basin that lies between the volcanicurich,
coarsely detrital rocks in the Klamath Mountains and the predominantly
carbonate-quartzite rocks of the miogeosyncline in the eastern Creat

Basin (Roberts and others, 1958; Churkin and Kay, 1967).

69




Yukon Shelf and Richardson Basin

The predominantly limestone and dolomite facties of the Silurian

and the Devonian cover large aress across the central part of Alaska

(esst—central Alaska, part of southwestern Alaska and Seward Peninsula),
and extend north into parts of the Brooks Range. These rocks,
especially in east-central Alaska where they have been most thoroughly
studied, seem to be thin shelf carbonate deposits that bordered the
Cordilleran geosyncline on the north, The considerably thinmer
giliceous shales that separate these two contrasting sequences sesm to
represent a thin but nearly complete stratigraphic sequence transi-
tional from the shelf carbonates on the north to the mainly coarse

detrital rocks with abundant interlayered voleamic rocks in the south.
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In the early Paleozoic, and especislly during the deposition of
the Road River Formation (lLower Ordovician to Lower Devonian), the
site of the Richardsomn Mountains in northern Yukon Territory was an
area of accumulation of thick graptolitic shale, bedded chert, and
argillaceous limestone (Jacksen and Lenx, 1962), The area of Road
Biver sedimentation apparently progressively spread from the
Richardson Mountains in Early Ordoviecian time to include nﬁlt of Yukon
Territory by the and of the Siluriam (Norford, 1964). At the same
time, however, thin shelf limestones interfingering with thim
sequmnces of graptolitic shale were forming laterally over the rest
of northern Yukon Territory and eastern Alaska (Churkin amd Brasbh,
1967). Thus the Richardson Mowumtaine basin during the Paleoxoic was
not a northern extension of the Cordilleran geosyncline (Martin, 1961),
as Jeletzky (1962) has already shown, but was a narrow basin that
developed within the Yukon Shelf (Churkin and Brabb, 19647). In
conclusion, during the Early Paleozoic, the Yukon Shelf in sast-central
Alaska and possibly extending farther weset across the center of Alaska:
seems to have separated two distinct geosynclinal belts, the Cordil-
leran geosyﬁclina in the south from the Ancestral Brooks geosyncline

on the north (fig. 1).
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Ancestral Brooks geosyncline.--—In the Brooks Range and on the

North Slope, few rocks have been firmly dated as pre-Middle Devonian
(pre-Skajit Limestome). However, in the socuthern Brooks Range and,
more certainly, in the northeastern Brooks Range, there are thick
sequences of weakly metamorphosed, predominantly giliceous roeks of
pre-Late Devonian age (Brosgé, 1960; Brosgé and Tailleur, 1970). These
include the Neruokpuk Formation in the northeastern Brooks Range, a
thick sequence mainly of detrital sedimentary rocks (Reed, 1968) but
incleding mafic lavas, intrusive roeks, and volcaniclastic sediments
(Reiser, 1970). Similar rocks with rare Devonian fossils and
including mafic dikes of Paleozoic age form a narrow belt along the
axis of the Brooks Range (Brosgé and Reiser, 1964; 1965). Argillites
beneath Triassic rocks at the bottom of a borehole at Point Barrow
(Payne and others, 1951) may belong to the belt of weakly metamor—
phosed siliceous rocks exposed in the northeastern Brooks Range.

High magnetic anomalies along the Arctic Slope of Alaska suggest that
igneous rock masses like those in the northeastern Brooks Range form
a large part of the basement below the Mesozolc cover farther west
(Payne and others, 1951). In general, these rocks in the Brooks Range
and farther north appear to be thicker and are more detrital than the
predominantly carbonuée rocks of early Paleozoic age in east-central
Alaska. This suggests a northward transition from a central Alaskan
carbonate ghelf into a now largely buried and partially destroved

Arctic Basin or geosyncline (Churkin, 1969).
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Devonian(?) and older rocks included in the Neruokpuk Formation
seem to thicken and bacome more detrital in the Brooks Range north of
the Yukon Shelf, thersby suggeating a nortﬁvard“Ernnmition into a now
largely buried and partially destroyed arctic basin or gwosyaeline
(Churkin, 1969).:i.. . Still farther north in the Shublik snd
Sadlearechit Mountains sdjacent to the arctic coastal plain there tdxe
6,500 feat of limestona and dolomite below limestone of Carboniferous
age (Dutro, 1970). Devonian fosails eccur in the upper 200 feet of
this ssquence but its lower part may represent much of the aaxlier
Palsozoic as well. The lateral extent of these carbonates is umkaown,
and thus their regiomal mignificance is unclear. The carbonate rocks
nay rlptntoht a major faclies change as the arctic coast is approached
or a localized area of carbonate in a predominantly terrigencus
section. If parts of the Neruwokpuk Formation (a thick sequence of

mainly detrital sedimentary rock that includes lavas) in the northern

part of the Brooks Range and in the British Mowntains of northern S

Al

Yukon Territory are squivalent to rocks of the northern (cngeb.yncliual)'k

part of the Franklinian geosyncline of the Canadian Arctic Islands
much farther east, thea the Skajit Limestone and perhaps the Hunt Fork
Shale (both of Devonisn age exposed in a belt south of the Keruokpuk)
could be considered as western equivalents of the carbonate and shale
belt (miogeosyncline) of the southern part of the Franklinian geosyn-
cline. Argillites beneath Triassic rocks at the bottom of a bore hole

at Point Barrow (Payna and others, 1951) may belong to the same belt

of predominantly detrital rocks as the Neruokpuk farther east. Some of
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the mafic intrusive rocks and related lavas and voleaniclastic
sedimants present in the northeastern Brooks Range are probably
Devonian and others may be older (Reiser, 1970). Another bhelt of
similar rocks with rare Devonisa fossils amd including a mafic dike of
370 m.y. near Mt. Doonerak forms a narrew belt slomg the axis of tha
Brooks Range (Brosge and Reiser, 19647 A‘@e . - _

"_ High magnetic smomalies along the Arctic slope of
Alaska suggest that igneous rocks form part of the basament below the
Mesomoic cover (Payne and others, 195!). These data can be fmterpreted
as evidence of a lower Paleosoic 3“'!’“-“1!@ in vorthern Alaska
(Churkin, 1969).
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The thick chert-rich detrital rocks of Uppef Devonian.and in
part Lower Mississippian age in the Brooks Range are thought to have
been derived from a northerm source (Brosg& and others, 1962), Parther
east in northern Yukon and Northwest Territories, nonmarine sandstone
sand shale (Imperial Fotmntion) passes southeastward into marine
aquivalents (Douglas and others, 1963). A similar belt of Upper
Devomian detrital rocks, apparently derived from the northern part of
the Franklinisn geosyncline, occurs in the Camadfan Arctic Archipelago
as far east as Ellesmere Island (Thorsteinsson and Tozer, 1960;

" Trettin, 1967). In Chukotka and Wrangell Island on the opposita side
of Alaska there are similar Upper Devonian(?) conglowmerates. On
Vrangell Island, these conglomerates seem to contain apprecisbls
smounts of granitic and volcanic detritus (Bogdanov and Tilman, 1964;
T{lman, 1964). Some geologists (Shatskiy, 1935; Eardley, 1948; Payne
and others, 1951) thought that in Late Devonian time widespread uplift
in what is now the Arctic Ocean exposed a Precambrian shield whose
erosion provided coarse sediment to nearby parts of Canada, Alaska,
and Siberia. This speculation, in large part, led to the theory that
the Arctic is a relatively young ocean basin formed by the rifting of

this ancient landmass and the drifting of Alaska from the Canadian

Arctic Islands to its present position (Carey, 1955: Tailleur and Brosgé, 1970).

However, to judge from the mainly chert, quartz, and argillite
detritus, its coarse grain size, the wedge-like shape of the sedimen-
tary body, and its mainly nommarine character, a shield source seems
unlikely. Inastead, it is the more highly deformad[gpd—fegionniiij
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siliceous rocks of the Neruokpuk Formation and similar rocks of pre-
late Devonian age in other parts of the Brooks Range and in bore holes
along the Arctic Coast more likely were the sources of the detritus
(Churkin, 1969). Absolute age determinations of granitic rocks around
the margin of the Canada Basin part of the Arctic Ccean indicate that
the intrusion of theas rocks probably was related to the same mid-
Paleozoic period of deformation and uplift that produced the wedge of
ﬁpper Devonian clastic deposits (Tailleur and others, 1967; Trettin,
1967; Churkin, 1969). Elsewhere in North America, at about the same
time, clastic wedges were derivad from upliftas in the Cordilleran
(Roberts and others, 1958; Gabrielse and Wheeler, 1961) and
Appalachian (Kay, 1947) geosynclines., Mid-Devonian time was thus

one of widespread orogeny that marks major breaks in the early

Paleozoic geosynclinal cyeles,
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Upper Paleozoic

' Cordilleran geosyncline.——The Carboniferous and Permian rocks

of gsoutheastern Alaska closely parallel the earlier Paleczoic sequences
bf mainly detrital rocks interlayered with submarine lavas. Yortunate-
ly, subordinate amounts of limestone that are gemerally present are
highly fossiliferous and provide a means of correlation. Unlike the
earlier Paleozoic rocks, good Carboniferous and Permian sections
similar to fhoae in southeastern Alaska are known in the Wrangell
Mountains and the eastern Alaska Range. Furthermore detrital and
volcanic rock sequences of Late Paleozoic age cover a large area of
southwestern Alaska that in the earlier Paleozoie received omly
carbonate rock (Cady and others, 1955).

The isolated exposure of Upper Paleozoic rocks at Cape Kekurnoi
suggests that the detrital volcanic belt along the Pacific margim in
southeastern Alaska continues west. These Upper Paleozoic rocks, |
associated with metamorphic rock complexes that may represent still
older Paleozoic rocks, form the basement for the thick Mesozoic and,
in places, Cenozoic sediments of the Alaska Peninsula (Burk, 1965%5).

The Devonian and Mississippian pure dolomite-limestone section on St.
Lawrence Island provides a northern limit to any extension of this

belt across the Beriné Shelf (fig. 17).

Figure 17 mear here
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The northern boundary of the detrital-volcanic facies that is
here essentially equated with the northern limit of the Cordilleran
geosyncline is located on the Alaska mainland somewhere between
Seward Peninsula and the lower reaches of the Yukon. Farther east
this boundary, although probably complicated by major faults, approx-
imately follows the Yokon River (fig. 17). Aloung the northwest edge
of the Yukon-Tanana Upland, in the center of Alsska, are the northern-
moat rocks of the Upper Paleoxoic detrital-volcanie rock faclesm,
Becawse of complex structure and scarcity of diagnostic foesmsils, the
stratigraphy here is poorly known. It seems that Carboniferous and
perhaps Permian 1s represented by a noncalcareous sedimentary sequence
of mainly fira-grained detrital rocks with abundant chert. Basaltic
and ralated gabbroic rocks that are associated with these sedimentary
rocks as discussed earlier were found t~ in plaees' . - intrusive into
various parts of the Paleozoic section.

Yukon Shelf.-—Northeast ;f the Yukon~-Tanana area and across the
Tintina trench, Carboniferous and Permian nonvolecanic rocks are knowm
to underlie a large part of the Yukon-Porecupine Rivers area., The
Carboniferous section here consists of thinly interbedded limestone,
shale, and chert. Deep erosion below the base of the overlying
Permian strata has, however, removed all but 2 small area of carbon-
iferous rocks preaervgd in the vicinity of Calico Bluff. The Permian
is a predominantly detrital facies of chert-pebble conglomerate, sand-
stone, siltstone, and argillaceous rocks. Limy interbeds occur from
place to place, and locally these limestonas reach thicknesses of
several hundred feet (Tahkandit Limestone).
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The conglomerate and sandstone of Permian age along the Yukon
River, like the clastiec rocks of Upper Devonian age, are made up
mostly of chert and argillaceous rock fragments., Part of the detritus
in the basal conglomerate of the Permian where it unconformably lies
on rocks of Late Devonian age, is derived from reworking the older
conglomerate, sandstone and argillite (Brabb and Churkin, 1967).
Similar chert pebble conglomerate of questionable Permian age occurs
farther north on Dave Lord Ridge just south of where the Porcupine
River crosses the international boundary. As In the case of the
clastic  rocks of Upper Devonian age, the Permian detrital sediments
in the interior of Alaska came from uplifts of siliceous sequences
that bordered the area on the south and north.

Brooks "geosyncline” and related basins.~-In the Brooks Range the

Carboniferous sections are mainly limestone and dolomite with variable
amounts of interbedded shale and chert (Brosge snd others, 1962). The
considerably thinner Permian rocks are predominantly fine-grained
detrital rocks and chert. The base of the Lisburne Group becomes
progressively younger and more datrital into the northern parts of the
Brooks Range. This northward transgression, plus the fact that the
unconformably overlying Permian sandstones and conglomerates are also
rich in chert deiritﬁs, suggests that in the late Paleozoic a source
area existed north of the Brooks Range (Brougé and others, 1962;
Detterman, 1970). This may reflect renewed uplift of the ancestral
Brooks geosynclinal belt that was providing sediment in the Upper

Devonian and Mississippian (Churkin, 1969).
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Mesozoic and Cenozoic tectonic events affecting Paleozoic rocks

The geologic conditions that prevailed throughout Paleozoic time
in the southern half of Alaska seem to have continued on into early
Megozolc time, ‘Triassic rocks in southeastern and southern Alaska,
although separated in places from Paleozoic rocks by an unconformity,
are characterized by basaltic submarine lawas and associated volcani-
clastic rocks in a mainly detrital sedimentary sequence that continuved
the geosynclinal pattern established in the Paleozoic (Brew and others,
1966). Thin argillaceous limestones occur locally, but massive purer
limestone and dolomite sequences like those in the Paleozoic are very
rare. The only good example of a close parallel to the earlier
Paleozroic carbonate development in southern and southeastern Alaska
is the 2,000-foot-thick section of nearly pure limeastone and dolomite
(Chitistone and Nizina Limestones) in the Wrangell Mountains (Moffit,
1938; Armstrong and others, 1969). In the Kuskokwim regfon, the
Gemuk Group ranging in age from Carboniferous to earlv Cretaceous
(Hoare and Coonrad, 1961), is composed of siltstone, chert, mafic
voleanic rocks, thin limestone and gravwacke that seems to be a
westward continuation of the astratigraphy in southeastern Alaska.

In_the interior and northern parts of Alaska where Triassic rocks
are known, they generally reat on Permian rocka with approximate
structural conformity (Lathram, 1965; Detterman, 1970; Brabb and
Churkin, 19€9). The Triassic rocks of northern Alaska, composed of
thin sequences of argillaceous sediments interbedded with minor
limeatone and chert pmrallel closely the Permian sedimentation pattern

in the same area (Detterman, 1970).
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In the Jurassic, and in places starting in the Cretaceou‘, began
the development of a new pattern of high tectonic activity that lasted
throughout most of the Mesozoic and in places continued through the
Cenozoic. Where once the broad stratigraphic belts of the Paleozoic
geosynclines and shelf existed, the rocks ware deformed into a series
of troughs and basins that were separated by uplifes (Payne, 1955;
Gates and Gryc, 1963). The sediments that filled tha depresaions were
domimantly detrital and were largely derived from nearby highladds

composed of Paleozoic and Precambrian rocks (fig. 18 ). It wad during

Figure 18 near here

these epiuodes of orogeny that vast tracts of Paleozoic and Precambrian
rocks in the interior of Alaska and further south in the Alaska and
Coast Ranges were severely deformed, altered by metamorphism, and in
places ultimately granitized. The general pattern of basins and

uplift in the Mesozoic, and to a lesser degree in the Tertfary, tends
to be arcuata and follows, the trend of tﬁe Paleozoic stratigraphic
belts (Payne, 1955). This parallelism shows the strong influence of

| the Precambrian and Pg].eozoi-c bagsement in controlling the tectonie

features developed in the Mesozoic and Cenozoie.
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Most of the post-Paleozoic sedimentary rocﬁ: of Alaska are
largely impure sandstones of the graywacke type interbedded with dark
argillaceous rocks and conglomerate. Furthermore, many of the post-
Palwozoic sediments contain far more detrital feldspar tham the
rocks on which they lie. Notable examples are the Cretaceous strata
of east-central Alaska where the amount of potassium feldspar detritus
increases markedly in rocks of post wmiddle Lower Creataceous (Brabb,
llll)i This suggests that the earlier Mesozoic intrusive roeks in the
nearby Yukoon-Tanana Upland (Wasserburg and others, 1963) were umroofed
by late Mesogzoic time. Another example ia along the northern border
of Matanuska basin where granitic intrusive rocks cut Lower Jermasic
strata and furnished debris to form Uﬁper Jurassic conglomerates
(Gates and Gryc, 1963, p. 273). Thus the batholiﬂwidintruaiona and
their asubsequent uplift, like the differentiation of Alaska into
positive and negative aress, began in the Jurassic and continued
intermittently through the late Mesozoic and into the Tertiary (cf.
Reed and Lanphere, 1969). At the end of the Cretaceous and the
beginning of the Tertiary, widesp®ead orogenic movements affected
large areas of Alaska. It was during this time that the thick late
Mesozoic sequences of the Colville Basin were intensely folded and

thrust-faulted northward (Cates and Grye, 1963).
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Alaska was essenti&lly emergent by tﬁa end of the Cretaceous aﬁd
has vemained so up to the present time. In exception, Tertiary basins
of marine deposition developed along the southern and northerm borders
of Alaska (fig. 18). The most significant of these was along the Gulf
of Alaska where Eocene through Pliocene, mostly marine strata total at
least 25,000 feet in thickness (Stoneley, 1967). In the interior of
Alasks at various times during the Tertiary, local deformation formed
seattered basing that were quickly filled by nommarine coal-bearing
sequences of claystone, sandstone, and conglomerate., Several of these
coatinental deposits developed in narrow trenches that developed along
major transcurrent fault zones-—the Tintina (Brabb and Churkin, 1969)
and the Kaltag fault zones (Pattom and Hoare, 1968).

Deformation that produced uplift and etosion over much of Alaska
during the Tertiary apparently intensified at the close of the Tertiary
and continued into the Quaternary. This orogenic activity has resulted

in the strong uplift that produced the presemt mountaln ranges.
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Along with the deformation, the Cenozolc orogenic events produced
widely scattered terrestrial volcaniec rocks and granitic intrusives.
Tertiary granites, although not as extensive as those of the Mesozoic,
are known from most of the geologic provinces of Alaska, but are rare
or absent in east-central Alaska, the Brooks Range, and the Aretic
coastal plain. The Aleutian volcanie arc and associated oceanic
trench are prominent features of this high tectonic activity that
atarted in the Cenozoic and continues into the present (Coaks, 1958;
Burky., 1965).

Major structural features of Paleozoic rocks

Alaska has experienced such penetrative folding, faulting,
metaworphism, and intrusion during multiple episodes of Mesozoic and
Cenozolc deformation that, as i{n other far more intensely studied
parts of the North Ameriean Cordillera, any Paleozoic or older
gstructures are generally very difficult to recognize. The structures
that will receive attention here are first of all the major fold
belts that indirectly reflect the trends and configurations of the
older tectonic elements, such as basins, troughs, and stable areas.
Secondly, some of the large-scale faults that may have displaced the
Paleozolc stratigraphic belts and juxtaposed differewlrock types will

be discuyssed.
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Yuld belts of Alaska and their extensions {nto Canads and Siberis.--

Figure 19 shows the distribution of fold belts in Alaska and neighboring

Tigure 19 near here

parts of Canada and Siberia. It is essentially a simplification of the
Tectomic Map of North America (King, 1969) with a larger section of
Asis added.

Yold belts on this map are differentiated by gross ages of regional
deformation, metamorphism, asnd intrueion. Using these criteris to
delineste fold belts, most of Alaska's structures were created during
the Mesoxoic as parts of the Cordilleran fold belt that lies along the
wvestern continental margin of North America.

The earliest deformational features within the Cordilleran fold
belt,are the high grade schist and gneiss terranes across the center of
Alasks stretching from Seward Peninsula into the Yukon-Tanana upland.
Historically, these have been considered to be of Precambrian age.
Sumarous Mesoroic ages obtained by isotope dating of these schists and
associated plutonic rocks, especfially the Birch Creek Schist of east-
central Alu;ka (Wasserburg aﬁd others, 1963) cast doubt on the Pre-
cambrian age of these structures. On the other hand, new isotopic
dates on the metamorphic complexes in Seward Peninsula (Sainsbury,
oral commm., 1970) and the Fairbanks area (Forbes, 1968) indicate
Precawbrian or at least earliest Paleozoic ages of deformation. Along
the Pacific and the Arctic Ocean margins of the Cordilleran fold belt,
there are in a number of places thick wadges of coarse clastic rocks
associated with plutonic activity indicating orogenies within the

Paleozoic geosynclines (fig. 13).
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, The climactic orogenies of the Cordilleran fold belt, however,
took place during the Mesozolc, and in many places, Cenozoic deforma-
tion eontinued and is regponsible for much of the present mountainous
topography within the original fold belts, High grade metamorphism
in southesstern Alaska involving lower Paleozoic rocks (Brew and
others, 1966) and lower grade metamorphism of pre Upper Devonian rocks
in the northern Brooks Range (Reed, 19(%) are other axamples of these
forerunners of the main Cordilleran orogeny. Thug, the Cordilleran fold
belt arose from deformation and in part metamorphism and plutonism of
several geosynclines, some of which took form in late Precambrian and
early Paleoxoic time, and others as late as Mesoxoic time (Wing, 1969).

The Cordilleran fold belt morth of the 49th parallel has a nearly

 constant width until it widens inland to form the Mickenzie Mountains in

Northwest Territories. There it is sharply confined along its northesst
margin, trends north along the Richardson Mountains of Yukon Territory,
and turns westward across Alaska, widening out to the Bering and Chukchi
Seas (fig. 19). Easternmost Siberia, separated from Alaska by these
broad continental shelves, is part of rhe Chukotka fold belt of Mesozoice
age (Yanshin, 1966). South of the Chukotka fold belt 1s the Circum-

Pacific fold belt, mainly of Cenoroic age. It includes the tslands

 surrounding the Sea of Okhotsk, Kamchatka, Koryak Mountaing, and

extends along the Aleutian Islands to the Gulf of Alaska. Thus we can

. see around the rim of the northern Pacific basin extensions of the fold

belts of Alaska into the continent of Asia,
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Another, though lcsé obvous, corielntion of Alaik fold belts. is
around the rim of the Canada Basin part of the Arctic Ocean (fig. 19).
This is the much older Circum-Arctic fold belt of Paleozolc age that
is known in the Canadéan Arctic Islands (Thorsteinsson and Tozer, 1960)
and in the northeastern Brooks Range (Churkin, 1969). Farther west
this fold belt is covered by the coastal plain deposits of northern
Alaska. Boreholes along the Arctic coast of Alaska in places at rather
shallow depths have penetrated steeply dipping,weakly wmetamorphosed
rocks of pre-Upper Devonian age that probably belong to this same fold

belt.

85




Dnc.of the most pronipent atructusal features within the Cordil-
leran fold belt is the fold and thrust belt that starts along the east
aide of the Canadian Rocky Mountains and continues north finto Yukon
Territory where it.turns west to make the Brooks Range in northern

Alaska (fig. 20). Most of the rocks within this broad fold belt are

Yigure 20 near here

Paleozoic carbonate rocks and shales, but rocks as old as Late Precam—
brian or as young as Tertiary are also involged. This remarkably
continvous belt has several arcuate bende (Gabrielse, 1967; King, 1969).
At the north end of the Rocky Mountains the relatively narrow (less
than 100 miles wide) and fairly atratght fold belt gives way to the
Mackenzie Mountains (fig. 20, A), a broad series of arcuate ranges
offset to the east into the Yukon Shelf, From the Mackenzie Mountains
the fold belt turna gently west into the Wernecke-Ogilvie Moumtains
(fig. 20, B). At the west eid of the Ogilvie Mountains near the
Alaska-Yukon Territory boundary, the fold belt makes a sharp right-
angle bend to form the north-south trending Nahone Mountains (fig. 20,
€). Parther north the Nahoni Moumtains give way to the northeasterly
trending Dave Lord Ridge fold structures (fig. 20, D). North of the
Porcupine River the fold belt turns northwestward acrosas the British
Mountains in the northweat corner of Yukon Terriéery and crosses into
Alaska to form the Brooka Range. The trend of the Brooks Range segment
4f the fold belt is essentially westerly for nearly 600 miles and in the
Baird Mountains at the west end of the Brooks Range it bends south
towards the Seward Peninsula, its northern margin making a sharp bend
at Cape Lisburne where the folds and faults trend northward under the

Chukehi Sea (cf. Tailleur and Brosgé, 1970).
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The deep reéeaa in the fold Belt in northwea;ern Yukon Territory,
where the structures from the Mackenzie Mountains and from the Brooks
Range curve inward to form a sharp right angle, may be related to the
atructures of the Richardson Mountains located within the receﬁs. The
Richardson Mountains themselves are apparently a blocklike uplift of
thick early Paleozoic and Mesoxoic basinal deposits surrounded by the
much thinner rocks of the Paleozoic Yukon Shelf (Jeletzky, 1962). At
the time of the major folding in the region, the thick body of Paleozoic
snd Mesozoic sediments in the Richardsom Basin possibly acted as a
buffer that diverted the fold and fault trends in the thimmer sections

of the Yukon Shelf around its western and southern edge. Large-scale

right lateral movement along the Porcupine lineament (Tailleur.and 'Brosgé, 1970)

& probable fault zone (Brosgé and Reiser, 1969) that may be an extension
of the Kaltag Fault (Patton and Hoare, 1968) may also be responsible for
the right angle bend in the fold belt near the Alaska-Yukon Territory
boundary.

South of the Brooks Range,.foldsrand thrust faultsﬂgenérallyudo.
not have the consistency of t;end that they do in the Brooks Range and
along the North Slope. The difficulty in distinguishing structural
trends in southern Alaska is not that the rocks have escaped deformation
but that multiple pefiods of deformation have created complex trends.
The scarcity of good marker horizons in the thick eugeosynelinal
sequences and multiple batholithic intrusfons further complicate

structural analyses.
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Thrust faults involving early Paleozoie and Precambrian rocks
have been recognized over a large part of Seward Peninsula (Sainsbury,
1969b). In the western Seward Peninsula unmetamorphosed carbonate
rocks of Ordovician and Silurian age sre imbricately thrust faulted
and are in thrust fault contact with slates and faintly metamorphosed
carbonate rocks of probable pre-Ordovician age (Sainsbury, 1969a,
1969b). Farther west, across the Bering Strait from Seward Peninsula,
exposures along the sea cliffs of Chukotsk Peninsula reveal complicated
imbrication of Ordovician and Silurian limestone with Devonian shales
and other argillaceous, weakly metamorphosed rocks (Byalobzhewvski,
oral commun., 1967; Gnibidenko, 1969). The proximity of these similar
sctat;graphic and structural features sugpests their correlatiom across
the Bering Strait., As the stratigraphy of other structurally compli-
cated areas of Paleozoic rock in Alaska 1is studiad,’nore examples of
important thrust faulting will become known. Preliminary results of
regional mapping in the Terra Cotta Mountains area of the Alaska
Range (Reed, oral commun., 1969) and in the Annette Island area of
southeastern Alaska (Berg, 1970) indicate thrust faults involving
Paleozolc rocks are important in these areas.

An important record of atructural juxtaposition of widely different
rock types has been reported from the White Mountains at the west end
of the Yukon-Tanana Upland (Church and Durfee, 1961). Here, the
Tolovana Limestone, consisting of a long and narrow outerop belt of
pure limestone and dolomite of Silurian and Devonian age is in contact

with the Fogsil Creek volcanics of Ordovician age, a unit characterized
by siliceous sedimentary rocks and pillow basalc,
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According to Church ana Durfee (1961), the linastoné is everyvhere
thrust faulted over the volcanie rocks. Instead, the massive limestone
wvas found by nyself in company with R, Chapman and F. Weber in 1968 to
be accordant and, where best exposed, gradatiomal over an interval of
several feet into calcareous tuff. This interpretation of a stwati-
graphic contact agrees with the original interpretation of Mertie
(1937b). This belt in the central part of Alaska, where carbonate
rock sections are in close proximity and are partly interlayered with
volcanic rocks and with fine grained siliceous rock facies, marks a
gone transitional in facies with mainly limestones to the north and
volecanic-siliceous sequences to the south, The structure within this
belt and its relation to the carbonate facies on the one hand and
metamorphic rocks on the other is however, quite complex, and large-
scale faulting may be partly reaponsible for some of the abrupt
changes in rock types.

The amount of lateral displacement on the various thrust faults
in Alaska is poorly known and except for the instances discussed below

is not recognized as displacing major stratigraphic belts.
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Several periodsﬁﬁf south to north overthrusting during the
Cretaceous and Tertiary affected the area that is now the Brooks Réngé
(Lathrem, 1965: Porter, 1966; Tailleur and others, 1967). Because of
the multiple thrusting of unknown displacement, it A% difficult to
reconstruct the original facies within the Paleozoic rocks of northern
Alaska. In the wesatern Brooks Range large-scale overthrusts are
thought to have a cumulative northward digplacement probably in excess
of 150 mileg (Tailleur and Snelson, 1968). Thus far, it has not been
possible to accurately measure amounts of total displacement because
of the imbricate nature of the faulting. On a single fault in the
Chandalar ares of the central Brooks Range 5 miles of horizontal
displacement has been measured (Brocgé oral commun., 1968). Because scores of sub-
parallel faults have been wmapped, their aggregate displacement may be
very substantisl. Preliminary estimates of Paleozoic stratigraphic
relations south ¢¢ north across various parts of the Brooks Range have
been made using palinspastic reconstruction across the multiple thrust
sheets (Lathram, 1965; Tailleur snd others, 1967).

Longitudinal faults and topographic trenches.-~In Alaska, as in

more southern parts of the Cordilleran belt, there are a number of
loug fault zones which are frequently expressed topographically as
trenches or valleys (fig. 20) Some of the more prominent faults and

the way in which they affect Paleozoic rocks are discussed below.




The Tintina fault zone in east-central Alaska is marked by a
narrov valley that parallels the Yuion River on its south side (Braﬁb
and Churkin, 1965) and extends from Alaska
southeastward across Yukon Territory to Liard plain which separates
it from the Rocky Mowntain Trench (Roddiek, 1967). The Tintina fault
zone effectively spparates the unmetamorphosed Precambrian through
Mesosoic stratigraphic succession on the north from the Birch Creek
Schist--strongly metamorphosed, mainly gilicecus sedimentary rocks and
voleanice of probable Paleoroic and possible Precambrian age on the
south. The granitic and ultramafic intrusions of Mesozoic age (except

for the "Circle volcanica™) cut metamorphic rocks south of the fault

'and do not extend north of the Tintina fault thus further contrasting

the widely different geologic terranes on bhoth sides of the fault.
Thick sections of nonmarine, poorly consclidated sandstone, wudstone,

conglomerate, and minor coal of Upper Cretaceous and Tertiary age are

~ developed along the fault rzone. Steep dips and faults cutting even the

youngeat Tertiary sediments along the trench-like valley indicate
latest Tertisry and(or) Quaternary deformation. Large-scale lateral
dislocation has been postulated along the fault. By matching an

upper Precambrian quartzite-shale ("grit") unit north of the fault in
Yukon Territory with a similar belt in the Yukon-Tanana Upland of east-
central Alaska, a right-lateral offset of about 260 miles has been

suggested (Roddick, 1967).
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The north end of the Tintina fault is uncertain. It may.continue
straight into the Yukon Flats west of Cirecle or bend sharply westward
parallel to the trend of the White and Crazy Mountains and then possibly
connect up with the Kaltag fault that continues seouthwestward into
Norton Sound (Patton and Hoare, 1968). Still another possible northern
termination of the Tintina may be along a set of subparallel opl;ys in
the Livengood area where a number of through going faulcvs (F, Weber,
oral commun., 1969) may reflect the taking up of the substantial
displacement postulated for the fault farther to the southeast.

The Kaltag fault controle the course of a long reach of the Yukon
River and, like the Tintina, in places is marked by rift valleys and
fault scarps that cut Tertiary and Quaternary deposits developed along
it (Patton and Hoare, 1968), Seismic reflection profiges in the
shallow Bering shelf reveal a sediment filled trough that is interprnted
to be the seaward continuation of the EKaltag fault (Scholl and others, |
1970). The major geologic trends in the area--the Yukon-Koyukuk Basin
of Cretaceous age and a belt of metamorphic rocks of Paleoroic and
Early Mesozolc age——have been displaced between 40-80 miles right
laterally across the fault, and modern stream courses are offset up to
1.5 miles (Patton and Hoare, 1968). If the Kaltag and Tintina faults
are differently trending segments of the same fault system, they have
an arcuate trend nearly parallel to the Denali fault system farther

south,
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The Denali fault of southern Alaska is the longest through-
going fault system in southern Alaska (St. Amand, 1957). The Denali
fault 18 made up of different fairly straight segments that apparently
interconnect at slight angles to give it an arcuate trend (Grantz,
1966). There are many subsidiary faults and strands, especially in ite
central part in the Alaska Range.

According to St. Amand (1957), the Denali fault system may have
had 150 miles of right-lateral strike slip displacement since the start
of the Pliocene. Because a number of geologic and topographic snomalies
would result from this amount of displacement, Crantz (1966) suggested
somawhat smaller and mainly older, Mesozoic movement with the amount
.of displacement across the fault varying from segment to segment. The
Chatham Strait fault--a possible continuation of the Denali into south-
eastern Alasks separates regions of strongly contrasting geology
(Twenhofel and Sainsbury, 1958; Lathram, 1964). About 120 wiles of
right-lateral separation is suggested by displacement of Paleozoic and
Tertiary rocks on both sides of the fault (Lathram, 1964). In addition
to this lateral displacement, several kilometers of vertical movement
is assigned to the same fault (Loney and others, 1967). South of the
Denali fault is another group of transcurrent faults that are more
widely separated and seem to have different directions of displacement

(fig. 20).
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Correlation of the Paleoroic rocks around the edges of the
Arctic and northern Pacific basins and sea floor
spreading in the Arctic
Advocates of sea floor gpreading and plate tectonics have
established beyond reasonable doubt that the Atlamtic Ocean has grown
by sea floor spreading and that North America has drifted from
Eurasia. In all the attempts to reconstruct how the drift has
oceurred, North America is considered a separate block from the
Eurasian block and differential movement has besn postulated between
the two blocks (Blackett and others, 1965). The mid-Atlantic ridge
smd 1ts northern extension across the Arctic Oceam is: . cordetdéred by-many

as the eastern boundary of North America (fig. 21). The position of
Figure 21 near here

the boundary separating North America from Eurasia in the Paeific
realm is less certain but has been drawn between Chukotka and Alaska
(Le Pichon, 1968). If drift has occurred across the northern Pacific,
there should be aome geological evidence of movement between the two
continents in the Bering Sea region,

The Cenozoic geology of the Bering Sea area, recently summarized
i{n the book "Bering Land Bridge" (Hopkins, 1967), indicates that there
is a complex record of sea-level changes and intermittent land
connections across the Bering Straits and that the North American and
Eurasian continents appear to have been connected at least since the
early Tertiary.
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The geologic correlations of Mesozéic and older‘rocka and
structures across the Bering and Chukchi Seas are leass well knowm,
Geophysical investigations, together with dredging in the Bering Sea,
indicate that the acoustic basement repregents in part a graywacke
sequence of Cretaceous age and that, in places, gently deformed
stratified sediments of late Tertiary age unconformably cover this
basement (Scholl and others, 1966). No significant bresks in the
Cenozoie and Mesozoic geologic trends have been reported to substantiate
continental drift between North America and Eurasia where they come
together in the northern Pacific, |

However, if drift occurred, it is the pre—HbsozoiF rocks and
structures that should show the greatest displacement. A direct
comparison of the pre-Mesozoic geology of Alaska with that of Chukotka
will now be made in search for evidence of differential movement

between the two continents.
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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). Nomnmarine 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, 1969), and then across the Canadian

Arctic Islands at least as far as Ellesmere Island (Trettin, 1967).
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Intrusifn rockg on Wrangell Islaﬁd inelude dikes and small
plutonic bodies, mainly of granitic éonpoaitlon. They cut the
Paleozoic section, but nowhere are they reported to affect the Triassic
strats. The age of these rocks, supperted by potassium-argon isotope
dating, is thought to be late Paleozoic (fig. 22). Absolute age
determinations of gramnitic rocks farther east around the margin of the
Canada Basin indicate that the intrusion of these rocks probably was
related to the same mid-Paleozoic orogeny that produced the wedge of
Upper Devonian conglomerates and sandatones (Tailleur and others, 1967;
Trettin, 1967; Churkin, 1969%).

On Wrangell Island the Migsissippian rocks, like the undetl’tﬁql
Upper Devonian rocks, are very similar to, but thicker than, those in
the Brooks Range. Permian and Triassic rocks, mainly clastics,
unconformably overlie the Mississippian and again there 13 a similarity
to the stratigraphy of the Brooks Rangs (fig. 22). In the Canadian
Arctic Islands, en even thicker sequence of Carboniferous and youmger
rocks that lie unconformably on the older Paleozoic rocks of the
Franklinian geosyncline form the Sverdrup Basin (Thorsteinsson and
Tozer, 1960).

The rocks at the western tip of Seward Peninsula, being close to
Chukotsk Peninsula, are important in testing the similarity of the
geology of North America and PRurasia vhere the two continental land -

masses come together,
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The basic elements of the geology of the Cape Dezhneva area, the
easternmost tip of Chukotsk Peninsula and the land point nearest to

Seward Peninsuls, are shown on figure 23. There is a gewiss and
Figure 23 near here

amphibolite central dome that i3 surrounded progfecaively outward by
marble and schist that is interlayered with partially recrystalliszed
limestones. Shelly foasils in these limestones are of Ordovician,
Sf{lurian, Devonian, and Carboniferous age (Cnibidenko, 1969, p. 11-13),
Granite and a syenite intrusion coupled by imbricate thrust faulting
(Byalobzhevski, oral commm., 1967) complicate the structure. About

3 miles of shhist and gneiss is reported by Gnibidenko to conformably

underlie the linestone with Upper Ordoviecian fossgils.
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Directly acrosa the narrow Bering Strait in Seward Peninsula, the
west-trending Kigluaik Mountains expose, in their core, gneiss and
biotite schists that have a well-defined domal structure (Collier and

others, 1908, p. 67) (fig. 24). Overlying these high-grade metamorphic
Figure 24 near here

rocks are lower grade aschists characterized by chlorite and muscovite,
Marble 1s interlayered with the schist, especially in its upper part,
Thin-badded argillaceous limestone seems to overlie the schist and in
turn is overlain to the north by a oequénce of massive limestone con-
taining Ordovician and Silurian fossils (Sainsbury, 1969a).

Sainsbury (written commun., 1970) has obtained a 750 m.y. date on
gneiss i{n the Kigluiak Mountains using the Rb/Sr whole-~rock method.
According to Sailnsbury, a dike cutting this same gneiss gives a 450
m.y. rabidim-strontium date.

On the other hand, dating of other metanorphic.rocku and associated
intrusives in the genersl area using the potassiumargon method
indicates a Cretaceous metamorphic-plutonic event (Sainsbury, 19693a).

In nearby Chukotsk Peninsula most of the dates on intrusive and meta-
morphic rocks are again Mesozoie, but a number of much older dates
ranging from 1500 to 700 m.y. have been cbtained on rocks in the same
vieinity as those giving Mesozoic dates (Cnibidenke, 1969). Thuas, there
is a close correlation of stratigraphy and metamorphism in the oldest
rocks acrosa the Berimg Strait (Churkin, 1970). There also appears to
be a close correlation of thrust faulting (Sainsbury, 1969b) and
plutonic activity (T. P. Miller, oral commun., 1970) across the straits,
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A comparisom of upper Paleozoic and lower Mesozoic stratigraphy
betwesn eastern Chukotka and Seward Peninsula is not possible because
only iselated fragments of these rocks are lvliljble for comparison
i{n Seward Peninsula. On St. Lawrence Islmmd, however, in the midile
.of the Bering shelf, a rather complete Devonian through Triassic
section has been reported by Patton and Dutro (1969). The seetion
hare closely resembles that of the westera Brooks Range om the east
and the Chukotsk Peninsula on the west (fig. 24).

On both sides of the Bering Straits, at sbout the ssme latitude
but sech further inland, are rather similar and much more complete
sequences ranging in age from Precambrian to Triassic (fig. 24)., In
Alasks this is the section upoud in the Yukom-Porcupine Rivers area
(Churkin and Brabb, 1967); in Siberia it {s the section in the Kolmski
masetf (Bogdanov, 1963). These two relatively stable areas are mostly
esrbesate rock sections nearly durrounded by thicker, more terrigencus

deposits.
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Ia Chukotka, as 1n Alillu. the depth ¢o the Hﬁhorovicic
disceatinuity, except for soms deesp ‘roots below high mountains,
genarally rises closer to the swrface as the Arctic and Pacific Ocean
bawime sre approached (Nikolasvskiy, 1964;Wollard and others, 1960).
The prekiminary infersnce that a tread of high crustal thickness
acroes the ceuter of Alaska eomnects with a cemparable tread scross
tha ommter of Chukotka suggests another cereblation of the geology
scress the Beriag Straits.

The close similarities betwesm the geologic histories of the
oppeuing edges of the Bering and Chukehi Seas imply that Alaska smd
Chwkotks essentially have beem conmected since Paleoxoic time smd
probably s:lmnriluﬂrim. This conclusior is evaluated below in
tha light of the hypotheses of ses floor spresding and plate tectonics
as Chey spply te the theory of continsutal drift and sea fleer
sprending in the Aretie.

The other possibility in recomstructing the relative movewment
between North Aweriea and Burasia is that slthough a boundary between
the two crustal bloeks does not pass in the Baring Sea area——it may
1lie umhm farther west in Siberia. A possible eite for this |
bowndary has besn sssumed to lie alomg the north-trending Verkhoyangk
Mountains (Wilsom, 1963; Heezen and Tharp, 1965; Morgsm, 1968) (fig. 1).
These mountains expose a Mesomxvic fold belt that forms the east
boundary of the Siberian Platform and separates its mainly Precambrian
and Paleozoic rocks from the wore intensely deformed rocks mainly of
Mesozoic age in the Chwkotka fold belt (Yamehin, 1966).
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TQ test the Vekrkhoyansk area as a possible boundary of movement
betwees the North American snd Rurasian blocks, the {mplicatiom of the
northern extension of the mid-Atlantic ridge beimg on trand with the
Verkhoyamsk fold belt as the two features appreach esch othar in the
Arctic whblbeesbriefly exswioed (Churkin, 1970).

The seisnically and voleamically active mid-Atlantic ridge rens
northwerds as far as Iceland (Friemd, 1967). Rorth of Iceland the
ridgs ruas between Creenland snd Spitsbergen (Ostemso, 19683) amd with
deareased seismicity (Sykes, 1965; Lszareva dnd Misharins, 1963)
continses across the Eurasisn Basin as the Nansen Cordillera (Cakkel
Ridge) midway between the Lomonosov Ridge and the continental margin

of Euwrssia (Dememitakaya and Karasik, 1967) (fig. 25). PFault-plane

!1¢ur|'25 near here

selutieows of earthquakes alomg this Arctic seismic zone show that the
stress system on the Greenland end of the ridge is tensional as on the
- wmid-Atlantic vidge while the Siberian end of the ridge is reported to
be under compressional stress (Lazareva and Misharing, 1965;
Scheidcggar,.1966). The trcna of sarthquake epicenters continues into
the Siberian mainland where it follous.the Verkhoyansk and Cherski
Mountains (Lazareva and Misharina, 1965). Judging by the tight folding
and plutoniec activity of Mesomoic age (Yanshin, 1966), and the occur-
rence of contimental deposits of later Mesozoic and Tertiary age, this
region has a long history of compression prodecing structures on trend
with the northern extension of the mid-Atlantic ridge.
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A -;rked decrease in smplitude of magnetic anomalies has also been
obmerved over the Arctic extension of the mid-Atlantic ridge (Ostemso,
1968a). According to Ostenso, this northward attenuation of magnetic
anomalies might imply that the Arctic extemsion of the mid-Atlamtic
ridge is uunder less tension,

These data are consisteat wicth the concept that the Furasian Basin
part of the Arctic s a thin wedge-shaped opening that widens south-
ward (cf. Harland, 1965). Thus the present day rotation of North
America relative to Furasia may be thought of as a wedge-like opening
hinged north of the v.:khoyanskifgld belt. The significance of the
Verkhoyansk region tepreaentin:A§ iiate boundary bringing together
originally widely separated crustal blocks (cf. Wilson, 1963) or acting
as the terminus of the mid-Atlantic rift aystem ugalﬁquﬁe Eurasian
continent and with no separation acrogs it 13 & problem beyond the
scope of this paper.

The pole of rotation for ¥orth America with ragppect to Burasia
has been independently determined to be 78° N, 102* F (using azimuths
of fracture zomes across the northern part of the mid-Atlantic ridge—-
LePichon, 1968) and 73° K, 96.5° E (using the best fit of Greenland to
Europe~--Bullard and others, 1965). Th;se poles lie in the Soviet
Arctic just southwtsf of the end of the Eurasian Basin. Considering
all the inherent problems of eatimating paleo-poles of continental
drift, it is probably significant that the calculated poics of rotation
are so near the apax of the Eurasian Basin-Northern Atlantic opening,
again suggesting a hinge zone on one side of which there is tension

and on the other compressiém.

103




As dating of magnetic anomalies in the Arctic has not been done,
the sprsading history in the Aretic 1s difficult to compare with the
Atlentic. Spreading could have started in the éentral Atlantic and
progressad northward along the mid-Atlantic ridge. Its trans-Arctic
extension may be a very young feature in an embryonic state of devel-
opment. Conversely, spreadisg in the Arctie may have started at the
ssme time as in the central Atlantic but proceeded at a much slower
rate.

Estimates of sea floor spreading in the North Atlantic indicate
a rm of sbout 1 ca/year near Iceland (Vine, 1966). If this rate of
spreading is extended back im time, them the volcanic rocks of scuth-
sastern Cresmlsnd and the equivalent volcanic roeks of Rockwall Bamk
off the coast of the British Isles, each located 600 km from the ridge
and dated as 60 m.y. 0ld, "may be related to the first rifting which
was to become the Atlantie Ocean in this latitude” (Friend, 1967), If
this 1,200 km of total separatton has occurred on the Atlantic aide of
North America, there should be some dramatic expression of this drift
bringing North America and Rurasia closer together assuming they were
either separated across an originally larger Pacific baain or connected

across the Bering-Chukchi continental seas,
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”!hcrc are in fact sharp bends in the structures ﬁf southern
Alaska and Chukotka that have been 1ﬁt¢rpreted as products of drift of.
North America relatively tevward Furasia (Grantz, 1968). These curved
strectures include the long fauwlts in southern Alaska (fig. 20) and
those in the Xoyyak Mountains of Chukotka. Mesogoic and older -
tectonic elements (figs. 1, 17, and 18) that are subparallel to these
faults also reflect a bend in the stratigraphic belts of Alaska. More-
over the curved continental margin of the Bering Sea, GCuif of Alaska,
and possibly the northward prolongation of the Chukchi shelf margin
around the Chukchi Cap could also be products of this movement
(fig. 20).

A coqlication of this simplified analysis of compressiomal
bending in the Alaska-Chukotka region as a consequence of temeienal
opening of the SRlantic is that the stromgly curved southers comtinen-
tal margins of Alaska and Chukotka and some of the subparallel tremds
in the stratigraphic and structural belts farther inland msy ba the
result of thrusting of the Pacific floor against the continental
margins of Alaska and Chukotka--a hypothesis supported by studies of
magnetic anomalies in the Gulf of Aluka (Pitman and Hayes, 1968),
faults and folds alomg the Gulf of Alaska (Stoneley, 1967) and in the
Koryak Mountains of Chukotka (Bogdanov in Pieve, 1969), and land

movements associated with the Alaska earthquake of 1964 (Plafker, 1969).
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ﬁully, the geologic.!':ﬁtory around the margin of the Canada
Basin together with geophysical data from the basin itself provide
vays of ansvering questions comcerning the age and origin of this part
of the Arctic Ocean basin,

Yrom the stratigraphic data prumécd earlier, there is evidence
that an early Paleczoic geosymcline rimmed the Canads Basin. | Starting
in the Upper Devonian, uplifts in this geosyncline accompanied by
grmitic intrusion produced weadges of coarse clastic sedimemts that
spread southward onto adjoinhf"arm of Alaska, Canada, and Sibaris,
Interpretations of geophysical data indicate that the Canads Basin is
floored by an ocesnie crust (Oliver and others, 1955) and seems to
have a "fossil" mid-oceanic ridge-—-the Alpha Cordfllera (Vogt and
Ostemso, in press). The‘ Canada Basin would thus appear to ba & true
and probably very ancient ocean basin rimmed by a Paleozoic mobile
belt (Churkin, 1969).

Another interpretation of the close similarity in geology between
the Canadisn Aretie Islands om the one hand and Alaska and Siberia on
the other, i1s that the entire Arctic Ocean Basin was created by a
single episode of large-scale rifting (Carey, 1955; cf. Tailleur.and Brosgé,

1970).
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If both the Cansda and Eurasien basing were formed :duting a
single period of rifting, it 1is ditficult to explain the Lomonosov
Ridge, a narrow, preaumsbly nonvolcanic, submarine ridge that ia
oriented at right angles to the direction of rift but seems mot %o be
offset (Eardley, 1948). A belt of deformed Paleozoic sialiec recks on
the northern coast of Ellesmere Island (Trettin, 1969) and another in
the Nev Siberian Islands (Bogdanov, 1963, fig. 66) have been found to
line up with the submarine Lomonosov Ridge, supporting the view that
the ridge is a continental outlier. Furé¢hermore, both the Alpha (Vogt
~ and Ostenso, ,in press) and Nansen Cordillera (Demenitskaya and
Karasik, 1967) that have been interpreted as mid-oceanic ridges are
oriemtad nearly parallel to the Lomonosov Ridge, and they alsoc seem
not to be offaet by the postulated rift (fig. 25). Vhen the Arctic
basin is considered as a vhole, the large differsnces between the
Cemada and Eurasian baeins indicate that its overall tectonic history
has been far too complicated to be explainable by a single episode of
rifting. It is readily spparent from the bathywetry that the Eurasian
basin is elongated at right angles to the Canada basin (fig. 25). The
Furasian basin has essentially straight continental margins that seem
to match, The Canads Ba#dn on the other hand has a rather straight
margin along the Cenadian Islands, but along 1ts Alaskan-Siberian side
has the Chukchi Cap, & large perhaps detached continental lobe
(Hunkins and others, 1962) that has no counterpart nlong its Canadian
side. The Eurasimm basin contains the sefsmically active extension
of the mid-Atlantic Ridge, whereas the Canada Basin, with its
inactive Alpha Cordillera, probably is a much older depressiom.
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Figure 2. Precambrian rocks and metamorphic complexes that
may include Precambrian strata.

EXPLANATION
Definitely Precambrian
F=1
4 Predominantly dolomite, limestone,
! and shale :
7N ’

ﬂ\- Canadian shield

Probably Precambrian
-7 - .

éﬁ%i Predominantly quartzite and dolomite

Metamorﬁhic rocks, age uncertain but may
include Precambrian strata

.Zﬂg@ Predominantly schist; minor gneiss
v and marble

1. Charley River Area
Tindir Group - Mertie, 1933; Brabb and Churkin, 1969

2. Porcupine River
"Tindir Group" - Kindle, 1908; Brosgé and others, 1966

3. Eastern Brooks Range ° '
Ne;uokpuk Formation - Brosgé and others, 1962: Reiser, 1970

4. Yukon-Tanana Upland
Birch Creek Schist - Mertie, 1930
474 + 35 m.y. K/A - 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. Rb/Sr whole
rock date on dike - Sainsbury, written comnmun,, 1970

6. Alexander Archipelago
Wales Group - Buddington and Chapin, 1929

7. Lower Kuskokwim Region .
Gneiss and schist overlain by unmetamorphosed Devonlan limestone -
Hoare and Coonrad, 1961

8. Chukotsk Peninsula
Gnelss mantled by schist 1587-722 m.y. K/4 - Gnibidenko, 1969

Argillite in bottom of Simpson well 592 + 18 m.y.
K/A whole rock date (M. Lanphere in Brosgé, 1970).



.}
(é 100 o] 100 200 300 400 Miles
o e / EHHHHI — =]
| | |
170° 60° 150° i40°
Fiouc 2 Precsmo ior cecks cud we o ."f;f‘ E ew.fi'-eyt’f +Ha. 4 ’V-it:'uf RN Ae
. * ~7



F-

[ R R it

Lae pEdIws YW

R VR : SN - L
3 uﬂ&.,, v v Fre} - s __.:\..|..3.M_ 1 L i N A}N
iy \:+,.,.,.\‘ w p lm.. Srpsramy,
S TiinTi e U1 u R I

b 2, ALEERVE RN V_JAJL.,% 5 jrSe9F @ity w\.\._us.awliﬁwq &L&»..n...w‘..m * LR
T ) ) —
. l.a*&xuza A - LJ i
e s - — 4 Asod AT uu.«&lllT;iom.Mmh:.m. 5 3 -
a5 Yot Wy ml map -~ #vys 1 L o
¢ 3»:.. 1vc.+ d R 1\~ -_ L_M Pians + MBisgOVS (2 T
, LT . 88§ ~ g R
900’ ~ t.a;ﬁﬁ:a u.w..sn_aa ¢+ .\u Capauwag - T B S
" }nil.b .an.w.....nla..on % = ,
rogosz— “zpeq pay o XSS iy P
. — o 2%~ -
s . S Taleytawipu AW o P
| Row o0 3T J.,.s.n..!. @ ey SOES: d ok A I [ ,
& ——— S Frmegog Suwalog” i ~ .
t?asx.ra_ Eide - T TS L] . 1
QIS - goF |§3%4&.3J Y svoasnaaty . 1
) B I
qﬂ‘_o orti-e¥ . e ‘ ,.m
R 2 e xuwxu a4 L £
ﬂw.v.m. _.v@ e . it m !
L, P09 - oo @9 C 2
wh..._m_u«d & AMIOW SWHOY 4 L I o _
wiAYIY P O -
: . : > e >
SRS TV T To! 8D aeppen v | 2 L
n.a.qf, Quu_M o 2. =
* t = : M
339W3U | : 3 =
.. - ¢
,008- cel @ B .u ; T ;\
2 B Y
28y e i\.b . q 1 : wv\»w,“))_O(ﬂ i i e e ————— ey —
] ’.ﬁl! S LA AI . [ vy - y X .
T 2 . E E . .
._._smw_oou}._u end R ML LRI ﬂ >
J :_d_hu)t ﬁ_.j-:_ C N
MIwiaaomn da, - ’ N ?O.vgf.% n_. M ;
\|.||J >
- ?Cbt_u._.umeJc_ : L
v T T T e
e WIDOGY 43YY TTAY0
¥3 ™Mo

u..ln__u—..:_::\-h)o LA
& qw_ AR L )
Qe Cgueng

wr. S_v_y::s)
‘ ﬁ#r*!— ﬂﬂuxu

f s vxi..sumb.:.u
avgrdn
oL - O e NA
37 Qo3 My
: |

:L»r.".{ |

PRI e

S..u !m_.:u Dtow_

. i .
R e R . R

“and yantd 39qQ'y $3INO0T A9 1
Mooyl : Fru0 pov uw?uﬁ
e ,m‘v_ﬂ&.,.ﬂ;? T fsoutsuany ~ 21435
CovitammlEipianvad o pENLY
A i Nl y.,.,._. . K 1 \u Wﬁ‘.-aD U:Oﬁw .w; ; .....t m d\ n\ %w
-4
PETLEP Jhora o wl SR{WE e in g e ] e
ULSE] 4o sasyeal pNwATO) E By




Figure 4, Cambrian rocks.
EXPLANATION

Definite Cambrian
SEEE; Predominantly limestone and dolomite

1. Charley River Area
Hillard Limestone, Adams Argillite
and Funnel Creek Limestone; Brabb,
1967

Probable Cambrian based on Oldhamia, (fan-shaped
trace fossil, Churkin & Brabb, 1965b)

EAY Argillite and quartzite
o 2 Nation River area

(@ 3 Crazy Mountains

© 4 Mount Schwatka

Nonfossiliferous strata of possible Cambrian
age below known Ordovician

Zix Argillaceous and dolomitic limestone
below Ordovician limestone (Sainsbury,
1969a)

Argillite and platy limestone below
Lower Ordovician graptolitic shale
(Churkin, Reed, and Kerr, 1969
field data).
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Figure 5. Ordovician rocks.

EXPLANATION

—474L; Predominantly limestone and dolo- .
mite

=7 Graptolitic shale and chert

v Volcanic-bearing, graywacke, shale
V' and chert assemblage

1. Seward Peninsula

Port Clarence Limestone- Steidtmann
and Cathcart, 1922; Sainsbury, 1969a..

2. Upper Kuskokwim River
Eakin, 1918; Brown, 1926.

3. Alaska Range-
Tatina Group; Brooks, 1911; Terra
Cotta Mountain sequence-Churkin, Reed, and
Kerr, 1969 field observations

4, White Mountain Area
Sainsbury, 1965

5. PbrCUpine River
Kindle, 1908; Cairnes, 1914 (Brosgd and others, 1966)

6. Charley River Area-
Road River Formation, Jones Ridge
limestone; Churkin and Brabb,
1965A; Brabb, 1967,

7. Livengood Area
Fossil Creek volcanics; Mertie,
1937; shelly fossils reported to
be in uppermost Fossil Creek volcanics
can be interpreted as coming from basal
part of overlying Tolovana Limestone
(Churkin, 1968 field observations)

8. Alexander Archipelago
Point Descon Fermation; Buddington’
and Chapin, 1929; Brew and others, 1966;
Eberlein and Churkin, in press.
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Figure 8. Correlation chart of Silurian rocks.



Figure 7. Silurian rocks

EXPLANATION
=TT Mainly dolomite and limestone
o mim
=-= Nom-volcanic shale and chert
JQ‘/ Volcanic rock, graywacke, conglomerate,

shale and chert assemblage; thick
limestone occurrences indicated by
pattern

1. Livengood area
‘ Tolovana limestone (in part) = Mertie, 1937;
Church and Durfee, 1961; Péwé 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

4, Upper Kuskokwim River
: . Brown, 1926 -

5." Kuskokwim River
Holitna Group (in part) - Cady and others, 1955

6. 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. Glacler 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; Karheen Formation -
Eberlein and Churkin, 1970

Radiometric dates
431 Romanzof granite satellitic intrusion (Reiser, 1970)
406 Tenakee area, Chichagof Island (Lanphere and others, 1965)
416 Annette Island (Berg, 1970)
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3b,

- 10,

11.

12.
13.
14.

15.

16!

17.

18,

Figure 11. Devonian rocks--excludes coarse terrigenous rocks of Upper .
Devonian and Mississippian age (Nation River, Kanavut, and Kekituk Formations

(cf. Gryc and others, 1967). . :
SOURCES OF DATA ,

Porcupine River !

Salmontrout Limestone (Churkin and Brabb, 1967; Brosgé and others, 1966).
Jones Ridge area

Thick limestone below McCann Hill Chert (Churkin and Brabb, 1965)
Western and Central Brooks Range

Skajit Limestone, unnamed limestone and siltstone, and Hunt Fork Shale

(Brosgé and others, 1962; Sable and Dutro, 1961; Bowsher and Dutro; 1957;

Tailleur and others, 1967; Chapman and others, 1964).

Sadlerochit-Shublik Mountains and vicinity

Nanook Limestone and Katakturuk dolomite (Dutro, 1970).
Northeastern Brooks Range
Neruokpuk Formation (questionable Devonian age) (Brosgé and others, 1962;
Sable, 1965; Reed, 1969; Reiser, 1970).
White Mountains
(Sainsbury, 1965).
Central Kuskokwim River
Holitna Group (upper part) (Cady and others, 1955).
Seward Peninsula
(Revised after Smith and Eakin, 1911, and earlier workers).
Topagoruk test well
500"+ chert pebble conglomerate and shale (Collins, 1958).
Charley River area
Upper part of Road River Formation, McCann Hill Chert (Churkin and
Brabb, 1965; 1967). - '
Livengood area
Tolovana Limestone (upper part) (Péwé and others, 1966; Church and
Durfee, 1961).
Yukon River
Woodchopper Volcanics (Mertie, 1930; Brabb and Churkin, 1969).
East Alaska Range
(Moffit, 1934).
Central Alaska Range
Limestone overlying Tonzona Group (Brooks, 1911); Limestome in vicinity
of Farewell, Alaska (B. Reed, oral commun., 1968).
Upper Kuskokwim River _
(Revised after Smith and Eakin, 1911).
Lower Kuskokwim River
(Hoare and Coonrad, 1961; Hoare, 1961) .
Glacier Bay
Black Cap Limestone (Rossman, 1963).
Chichagof Island
Freshwater Bay Formation, Cedar Cove Tormat:on Kennel Creek Limestone.
(Loney and others, 1963).
Admiralty Island - Keku Strait
Hood Bay Formation, Cambier Bay Formation (Loney, 1964; Muffler, 1967).
Prince of Wales Island
Wodleigh Limestone, Coronados Volcanics and Port Refugio Formation
(Eberlein and Churkin, 1970).
Chukotsk Peninsula
(Krasny, 19€4; Gnibidenko, 1969).
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Figure 14. Carboniferous rocks

LEGEND .
i}:;g Mainiy limestone, minor shale, sandstone, and chert
/ﬁi/’ Limestone, shale, and sandstone
vV Limestone, graywacke, conglomerate, shale, and chert in sequence

1-

2.

10.
11.
12.

l3l

14,
15.
16.
17.
18.

19,

20'

”/”/ with volecanic rocks

Lake Peters
Kayak Shale, Lisburne Group (Brosgé and others, 1962).
Shainin Lake '
Kayak Shale, Lisburmne Group (Bowsher and Dutro, 1957; Patton and
Tailleur, 1964).
Delong Mountains
Lisburne Group (Sable and Dutro, 1961).
Lisburne Peninsula
Lisburne Group (Campbell, 1967).
Topagoruk test well
Red beds of uncertain age (Collins, 1938).
Prudhoe Bay oil field
Kayak Formation and Lisburne Group (RleWOOd, 1970).
Cape Mountain
Steidtmann and Cathecart, 1922; Sainsbury, oral commun., 1969).
St. Lawrence Island
Lisburne(?) Limestone underlain by Devonian dolomite (W. Patton and
Dutro, 1969).
Kaiyuh Hills
Nonfossiliferous volcanic rock (Mertie, 1937a).
Livengood-Yukon River area
Livengood Chert (Mertie, 1937b).
Porcupine River
(Brosgé and others, 1966).
Eagle area
Calico Bluff Formation, Ford Lake Shale (Brabb and Churkin, 1967).
Central Alaska Range
Totatlanika Schist (Péwé and others, 1966).
Eastern Alaska Range
Rainbow Mountain Sequence (Rowett, 1969).
Chisna Formation (Moffit, 1954).
Chitina Valley
Strelna Formation and Klutina Group (Moffit, 1938).
Kuskokwim River
Gemuk Group (Lower non-fossiliferous part) (Cady and others, 1955).
Nushagak District

Non-fossiliferous siliceous rocks below Permian llmestone (Mertie, 1938).

Chichagof Island
Iyoukeen Formation (Loney and others, 1963).
Kuiu Strait area
Saginaw Bay Formation (Muffler, 1967).
Craig area
Peratrovich Formatiom, Klawak Formation, Ladrones Limestone
(Eberlein and Churkin, 1970).
Northeast U.S.S5.R.

(Krasny, 1964).
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Figure 16. Permian rocks

LEGEND

. Mainly Limestone

Sandstone, siltstone, shale, chert, and, in places, chert pebble
conglomerate '

V;”i/ Basaltic lavas, volcaniclastic rocks, graywacke, conglomerate,

14.
15.
16.
17.

l8a.

19,

shale, chert, and minor limestone

Topagoruk test well
Includes some chert pebble conglomerate (Collins, 1958).
Prudhoe Bay oil field
Sadlerochit Formation (Rickwood, 1970).
Lake Peters
Sadlerochit Formation (Brosgeé and others, 1962; Detterman, 1970).
Shainin Lake '
Siksikpuk Formation (Bowsher and Dutro, 1957; Patton and Tailleur, 1964).
Nuka Ridge
Nuka Ridge Formation, arkosic sandstone and limestone (Tailleur and
Sable, 1963).
Lisburne Peninsula _
Siksikpuk Formation (Campbell, 1967).
Porcupine River
(Brosgé and others, 1966).
Eagle area
Tahkandit Limestone (Brabb and Churkin, 1969).
Yukon River
Step Conglomerate (Brabb and Churkin, 1969).

. West edge of Yukon Flats

Rampart Volcanics of questionable Permian age (Brosgé and others, 1969).
Susitna River area
(Ross, 1933).
Eastern Alaska Range
Mankomen Formation (Moffit, 1954; D. Richter, written commun., 1968;
Rowett, 1969).

. East Wrangell Mountains

Skolai Group (Moffit, 1938; Smith and MacKevett, 1970).
Lower Yukon River
Permian fossil bearing limestone (500'~1000') overlain conformably by
4500' of greenstone (Smith, 1939).
Nushagak area :
Permian limestone overlain conformably by tuff (Mertie, 1938).
Goodnews Bay district _ .
Permian limestone interlayered and grades into fine grained siliceous
sedimentary rocks and volcanic rocks (Smith, 1939; Hoare, 1961).
Cape Kekurnoi area
Permian limestone associated with volcanics (Hanson, 1957).
Chilkat Range
Limestone and graywacke (Lathram and others, 1959).
Chichagof Island
Goon Dip Greenstone (Loney and others, 1963).
Admiralty Island
Cannery Formation and Pybus Dolomite (Loney, 1964).
Keku Strait area
Cannery, Halleck, and Pybus Formations (Muffler, 1967).

Chukotka, NE USSR
(Krasny, 1964).
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Figure 17. Tectonic framework of Carbonifercus and Permian sedimentat:



Figure

18. Late Mesozoic and Tertiary tectonic features
(modified after Payne, 1955; Gates and Gryc, 1963)

EXPLANATION

Z - Tertiary basins and troughs of

-
e

w ~ detrital sedimentation. Mostly
= non-marine

M Marine

53 Terrestrial volcanic rocks

+°.~." Late Mesozoic, mainly Cretaceous
v basins and troughs of thick
detrital sedimentation

f\f\ Areas of Mesozoic and in part .
AAN Tertiary uplift and erosion,

e Arrows indicate direction of
sediment transport
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Figure 20.-~Major structural features of northern Circum-Pacific
and adjacent parts of the Arctic (after King, 1969;
Yanshin, 1966).
Structural elements:
1. Denali-Farewell~-Holitna Fault System
2. Chafham Strait Fault
3, Tintina Trench
4, Rocky Mountain Trench
5. Chuéach-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 belt

— Generalized trend of folds

;;5;"' Transcurrent fault arrows show inferred movement
/Ar“jﬂr Thrust fault barbs on upthrown Side

Arcuate trends in continental margins
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Figure 23, Geologic

map.and sections of the eastern. .laa\f"t of the

Chukotsk Peninsula USSR, {after Gnibidenko, 1969)
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Figure 24. Correlation of Precambrian and Paleozoic vocks across the central parts of Chukotka and Alaska
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Figure 25. Bathymetric map of the Arctic Ocean showing earthquake epicenters, {(after Sykes, 1965)



