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RECONNAISSANCE GEOLOGY OF THE NORTHERN
YUKON-KOYUKUK PROVINCE, ALASKA

By WiLLIAM W. PATTON, JR.

ABSTRACT

Thenorthern part d the Y ukon-Koyukuk provinceisa broad
wedge-shaped depression d Cretaceousand Tertiary volcanic
and sedimentary rocks bordered on the west, north, and south-
east by a metamorphic complex, chiefly d Paleozoic age. The
provinceisnot asimplesedimentary basin, asformerly believed,
but a highly mobile tract subjected to repeated volcanism and
plutonism during Cretaceous and Tertiary times. The oldest
rocks in the province are a thick sequence d marine andesitic
volcanic rocks d earliest Cretaceous (Neocomian) age. These
are overlain by terrigenoussedimentary rocks, largely d Early
and Late Cretaceous (Albian and Cenomanian) age, which
were deposited in two deep troughs separated by a broad vol-
canic and plutonic high. The sedimentary sequence, which
locally may be as much as 25,000 feet thick, ismade up chiefly
d marine volcanic graywacke and mudstone but includescoal-
bearing paralic deposits in the upper part. Subaerial felsic
volcanic rocks d Late Cretaceousand early Tertiary age are
widespreadin the eastern part of the province, and two broad
basalt lavafiedsd |ate Cenozoicage occur in the western part
d the province.

Three structural trendsare recognizableamong the intensely
deformed rocks o the northern Y ukon-Koyukuk provinceand
its borderlands. East-west along the northern margin and in
the adjoining Brooks Range, north-south in the western part
d the province and on the Seward Peninsula, and northeast-
southwest along the Y ukon and Koyukuk valeys. The province
istransected between Ruby and Unalakleet by the Kaltag fault,
a major strike-slip fault with 40-80 miles d probable right-
lateral offset. Major structural discontinuitiesoccur along the
Kobuk fault zone at the northern edge o the province, but
evidencefor large-scal estrike-slip displacementisinconclusive.

INTRODUCTION

The Yukon-Koyukuk province is a broad tract o
Cretaceous and Tertiary rocks that stretches across
west-central and southwestern Alaskafrom the Brooks
Range to the Yukon River delta (fig. 1). This vast
region, coveringmorethan one-sixththetotal land area
o Aaska, has been classed as a possible petroleum
province (Miller and others, 1959) andisd continuing
interest in thesearch for new sourcesd oil and gas.

This report is concerned with the northern part d
the province, where, since 1958, the U.S. Geologica

Survey has been conducting a program o reconnais-
sance-scal e geologic mapping (fig.1). Much d thearea
has now been visited either by helicopter or riverboat,
and, although information is still sketchy in many
places, the broad outlines d the surface geology are
known. Subsurfacedata, however, arelimited toasmall
number d reconnai ssance aeromagnetic profiles flown
acrossthe provinceby the U.S. Geologica Survey and
therecordsd asingle12,000-foottest well near Nulato
on the Yukon River drilled by Paul Benedum and
Associatesin 1960.

Many colleaguesin the U.S. Geologica Survey have
contributed to the mapping program in the northern
Y ukon-Koyukuk provincesinceitsinceptionin1958,in
particular, T. P. Miller, 1963-70, A. R. Tagg, 1959~
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FIGURE 1.—Index map d Alaska, showing outline o Y ukon-
Koyukuk provinceand report area (shaded).
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1963, and J. M. Hoare, I. L. Tailleur, and Bond Taber,
1958.

GENERAL SETTING

Therocksd the northern'Y ukon-Koyukuk province
are composed chiefly d volcanogenic sedimentary and
andesitic volcanic rocksd Early and early Late Cre-
taceousage (figs.2,3,4,and 7). Locally thisassemblage
isoverlain by L ate Cretaceous and Cenozoic subaerial
volcanic rocks and intruded by Cretaceous granitic
rocks. Bordering the provinceon threesides are narrow
bands o mafic volcanic and intrusive rocks d late
Paleozoic or early Mesozoic age and broad crystalline
complexesd schist and carbonate rocks of Paleozoic
and possibly Precambrian age.

Early workers(Payne, 1955; Miller and others, 1959)
envisaged the Yukon-Koyukuk province as a ssimple
Mesozoic and Cenozoic sedimentary basin or “geosyn-
cline” comparable in tectonic history and style to the
Colvillebasin ontheArctic Slope. However,asmapping
d the Y ukon-Koyukuk provincehas progressed, it has
become apparent that these two broad structural
depressionsdiffer markedly (fig. 5). The Colville basin
developedasasinglelargesedimentary trough steadily
filled through most of Mesozoic-and early Tertiary with
detritusshed fromthesited thepresent BrooksRange.
The only igneous activity of consequence occurred in
the Jurassic with theintrusion and extrusion o diabase
and basalt along the disturbed belt of the westernand
central Arctic Foothills. I n contrast, the Y ukon-Koyu-
kuk province was a highly mobile tract subjected to
repeated volcanism through Mesozoic and Cenozoic
times and to widespread plutonism in the Cretaceous.
Sedimentation, though locally voluminous, vas con-
fined for the most part to a single short cataclysmic
episode in mid-Cretaceous (Albian and Cenomanian)
time. The sediments were not deposited in a single
large basin covering theentire provincebut rather were
distributed in smaller troughs that were separated by
tectonically and volcanically active highs. Most o
these sediments arecomposed o first- and second-cycle
volcanic debris derived from these highs and from vol-
canicterranesthat rim theprovince.

The mapping suggests that the Y ukon-Koyukuk
province is more aptly described as a volcanic or vol-
canogenic provincerather than a sedimentary basin.

STRATIGRAPHY

Themajor stratigraphicunitsexposedinthenorthern
Y ukon-Koyukuk provinceand its borderlandsrangein
age from Devonian and possibly older to Quaternary
(fig. 6). Formal stratigraphic names were used locally
for several d these unitsby earlier workers (fig. 6), but
as none d these names seem to have provincewide
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application, they are not employedin this report.

DEVONIAN AND OLDER (?) ROCKS
PELI TI CSCH STSAND CARBONATERCCKS

A broad crystalline complex made up largely o
metasedimentary rocks borders the northern Yukon-
Koyukuk province on three sides. These metasedi-
mentary rocks, chiefly pelitic schist and carbonate
rocks, are widely exposed in the southern Brooks
Range, Kokrines-Hodzana Highlands, and Kaiyuh
Mountains, and on the eastern Seward Peninsula (fig.
2). Scattered exposures along the southeast shore of
Kotzebue Sound suggest that they may also extend
from the Seward Peninsula northward beneath Kotze-
bue Sound and the Kobuk-Selawik Lowlandsto con-
nect with similar metamorphic rocksat the southwest
end o the Brooks Range. The metasedimentary rocks
may also underlie theeastern part of Norton Sound, as
indicated by their presenceat thetipd Cape Denbigh
and by their characteristic signature on magnetic pro-
filesthat cross the Sound (Scholl and Hopkins, 1969,
p. 2076; King, 1961, p. 725). The metasedimentary
rocks do not crop out south of the Kaltag fault on the
west side d the province but may lie buried beneath
thesurficial depositsof theY ukondelta.

PELITIC SCHISTS

Most d the metasedimentary rocksarepelitic schists
including quartz-mica schist, mica schist, phyllite,
semischist, and fine-grained quartzite with local inter-
calationsd calc schist, quartzo-feldspathic schist, and
greenschist. In the Kokrines-Hodzana Highlands the
schistsare extensively intruded by Cretaceousgranitic
rocks and widely altered to andalusite-cordieritehorn-
fels. All the schists are pervasively intruded by small
bodiesd altered diabase and gabbro of |ate Paleozoic
or early Mesozoic age.

Because schists have not been studied in detail any-
where around the perimeter o the Y ukon-Koyukuk
province, their stratigraphy and internal structure are
poorly understood. Some schists are clearly inter-
layered or interfingered with carbonate rocks and can
be dated as mid-Paleozoic on fossil evidence (Patton
and others, 1968). Butin most placesthestratigraphic
relations are unclear, and there is no evidence upon
which to base an age assignment. Whole-rock Rb-Sr
dates d 700 m.y. (million years) that were obtained
by Sainsbury and others (1970) from possibly correl-
ative metamorphic rockson the central Seward Penin-
sula suggest that some o these schists may be as old
asPrecambrian.

CARBONATE ROCKS

Limestone and dolomite in massivesections as much
as several thousand feet thick are widely exposed in
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the Brooks Rangeand Kaiyuh Mountainsand on the bonate rocks and the pelitic schists are generaly
Seward Peninsula. Theserocksareeverywhereintensely  faulted, and many d the carbonate masses may be
deformed, andin many placesare completely recrystal-  allochthonous. Evidencefor large-scalethrustingd the
lized 10 coarse marbles. Contacts between the car- carbonates has been found in the western Brooks
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Range (Tailleur and others, 1967) and on the Seward
Peninsula (Sainsbury, 1969).

The carbonate rocks appear to be chiefly Devonian
in age but locally may include rocksasold as Silurian
and Ordovician. Small collections of corals and mol-
lusks of Devonian and possibly Silurian age have been
reported from several areas bordering the northern
Y ukon-Koyukuk province,includingtheeastern Seward
Peninsula (Smith and Eakin, 1911, p. 47-50), the
southern BrooksRange (Patton and others, 1968), and
the northern Kuskokwim Mountains (Mertie and Har-
rington, 1924, p. 21).

PERMIAN TO JURASSIC ROCKS
MAFIC VOLCANIC AND INTRUSIVE ROCKS

Mafic volcanic and intrusive rocks d late Paleozoic
and possibly early Mesozoicageareextensively exposed
along the margins d the Yukon-Koyukuk province;
they form a narrow band that can be traced for more
than 500 miles along the northern and southeastern
border of theprovince. Therocksarewidely distributed
as small intrusive bodies within the adjoining meta-
morphic terrane (fig. 2). I n the Kaiyuh Mountainsthe
mafic rocksliein a broad syncline flanked on the east
and west by metamorphic rocks. The unit, which
appears to constitute a typical ophiolite suite (Stein-
mann, 1926), is composed d pillow basalt, diabase,
gabbro, radiolarian chert, serpentinized periodotiteand
dunite, and date. All the volcanic and intrusive rocks
are altered, in various degrees, to a characteristic

“greenstone” mineral assemblage o chlorite, epidote,
and sodic plagioclase; locally some d the fine-grained
volcanic rocks have a faint foliation. The ultramafic
rocks occur in bodies ranging in size from tiny fault
blocks a few feet across to huge tabular masses cover-
ing as much as 20 square milesin area (Patton and
Miller, 1970). Only the largest o these ultramafic
bodies are shown on the geologic map (fig. 2).

The mafic volcanic and intrusive rocks clearly are
older than the Cretaceous sedimentary and volcanic
rocksand probably areyounger than the Devonianand
older(?) metamorphic rocks, which they locally appear
to intrude. In various places around therim o the
province, the mafic rocks have been assigned provi-
sional ages ranging from Devonian to Jurassic( Eaki n,
1916; Patton and Miller, 1966, 1970; Fritts, 1970).
However, noned theevidencefor these assignmentsis
completely convincing. To datethe only firm evidence
for an ageisasinglecollectiond Permianfossils(B. L.
Mamet, oral commun., 1970; J. T. Dutro, Jr., ora
commun., 1971) discovered in 1970 in a sequence o
mafic volcanic rocks near Bettles (Patton and Miller,
in U.S. Geological Survey, 1971).

Elsewhere in northern and western Alaska, similar
assemblages o mafic rocks have yielded potassium-
argon and fossil agesranging from Permian to Jurassic.
Tailleur (1970) reported a Jurassic potassium-argon
age from mafic rocksin thewestern part o the Brooks
Range. In the northern part of the range, Jurassic
fossilshave been recovered from an assemblaged mafic
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volcanicrocksand radiolarian cherts (Patton and Tail-
leur, 1964, p. 481). In the Yukon River valley, about
50 milessoutheast of the province, maficvolcanicrocks
belonging to the Rampart Group have been dated by
fossilsas probably Permian, and gabbro that intrudes
the volcanic rocks has been dated by the potassium-
argon method as Triassic (Brosgé and others, 1969).

The weight d evidence suggests that the mafic vol-
canic and intrusiverocksd the Y ukon-Koyukuk prov-
ince are late Paleozoic (Permian) and possibly early
Mesozoic (Triassic and Jurassic) in age. The fossil-
bearing volcanic rocks near Bettles can be dated as
Permian, but until additional evidence is found, it
would seem unwiseto concludethat d| thediverserock
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PERIOD LOCAL
EP%?CH STRATIGRAPHICUNITS STRATIGRAPHIC NAMES
Quaternary Glacial drift, waterlaid and windblown silt deposits
Qlaternary
and Basalt

late Tertiary(?)

Early Tertiary
and
Late Cretaceous

[ <Sand, gravel, clay, coal >

Felsic volcanic rocks

Late Cretaceous

>

Quartz conglomerate, sandstone, shale,
and coal (nonmarine marginal trough deposits)

1 o
x
Calcareous Shallow marine and ] : 3 =]
Late Cretaceous graywacke and nonmarine sandstone. Kaltag and a_g8 g E 3
and mudstone i n western hale, conglomerate, ?“"“’f':m" E'g § ? § -8§ ]
Early Cretaceous part of province tuff, and coal in east- R?\;:r ov‘“u ontl o Eh ¢ 5 E 5 2
{Cenomanian ern part of province hid = 2 s 5 s =g g
and Albian) _%_g 5z 3
. i c
Volcanic graywacke, conglomerate Ungalik Con- £ E > £
and mudstone glomerate in £z
5 Norton Bay area l -

Early Cretaceous

Andesitic volcanic rocks

Koyukuk Group in K oyukuk River region
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(Neocomian)
Jurassic to Pillow basalt, diabase, gabbro, serpentinized peridotite and
Permian dunite, chert and slate
Devonian Carbonate rocks inciuded in Baird Group
and Pditic schist and carbonate rocks in southern Brooks Range
older(?)

FicURE 6.—Major stratigraphic uni ts innorthern Yukon-Koyukuk provinceand itsborderlands.

types which compose this ophiolitelike assemblageare
exactly thesameage.

L OVER CRETACEQUS (NEOCOMIAN) ROCKS
ANDESITIC VOLCANI CROCKS

Thebased the Cretaceoussequencein the northern
Yukon-Koyukuk provinceis made up d marine ande-
sitic volcanic rocks that appear to underlienearly the
entire province (fig. 7). Theandesitic rocksare widdy
exposed on a broad uplift that extends eastward across
the provincefrom the Seward Peninsulaand Kotzebue
Sound to the Koyukuk valley (fig. 2). Aeromagnetic
profiles suggest that they aso underlielarge parts o
the Koyukuk Flats and Kobuk-Selawik Lowlands
(Zietz and others, 1959; Patton and Miller, 1968; Pat-
ton and others, 1968). In the Koyukuk River region

these andesitic rocks have been referred to the Koyu-
kuk Group (Schrader, 1904; Smith, 1913; Martin,
1926; Imlay and Reeside, 1954) (fig.6).

The andesitic volcanic assemblageis composed pre-
dominantly of volcaniclasticrocks, but it also contains
porphyritic pyroxene andesite flows and hypabyssal
rocks. The volcaniclastic rocks include crystal and
lithic tuffs, massive breccias, agglomerates and con-
glomerates, and tuffaceousgraywacke and mudstone.
Lenticular masses as much as 300 feet thick d shelly
limestone with abundant Buchi a are intercalated in
the volcanic sequence in the upper Koyukuk and
Kobuk valeys. Along the Hogatza plutonic belt (fig.
3), broad areas of volcanic rocks have been propylitic-
aly altered to a uniformly hard pale-green hornfels
composed largely d chlorite, epidote, calcite, and sodic
plagioclase.
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The total thickness d the andesitic volcanic rocks
isnot known becausethe based the assemblageis not
exposed. Along the northernand southeastern margins
of the province, the volcanic rocks are overlapped by
clastic sedimentary deposits o late Early and Late
Cretaceous age; and on the Seward Peninsula at the
western margin d the province, the volcanic rocks
appear to be in thrust-fault contact with metasedi-
mentary rocks d Paeozoic and older age. An esti-
mated 5,000 feet d andesiticvolcanic rocksis exposed
aong the Koyukuk River bdow Hughes, but the full
thicknessd the assembage may be severa timesthis.

Marinefossls have been found in the andesiticvol-
canic rocks at 25 widdly scattered localitiesin the
northern Y ukon-Koyukuk province. Earliest Creta-
ceous (Neocomian) speciesd Buchia are common to
nearly al the collections. Five potassum-argon dates
obtained from flows and hypabyssal intrusives aso
have yielded Early Cretaceous ages ranging from
1345 m.y. t0117+4.3 m.y. (Patton and Miller, 1966;
Patton, 1967; Patton and others, 1968; Geol. Soc.
London, 1964).

Although most d the andesitic volcanic rocks are
earliest Cretaceous (Neocomian) in age, the unit
locally includes some younger crystal and lithic tUff
beds that seem to be laterally gradational with sedi-
mentary rocks d mid-Cretaceous (Albian and Ceno-
manian) age.

LOWER AND UPPER CRETACEOUSROCKS
GCRAYWACKE, MUDSTONE, SANDSTONE, AND COAL

Terrigenous sedimentary rocks d Cretaceous age
underlie about hdf d the northern Y ukon-Koyukuk
province (fig. 2). Most d these rocks were deposited
during a relatively short interval in mid-Cretaceous
(Albian and Cenomanian) time and are characterized
throughout the provinceby widevariationsin thickness
and lithology. Owing to their "' poured in" nature and
lack d sorting, these strata are not amenable to rigor-
ous stratigraphic treatment and classification. Earlier
workers referred these beds to the Bergman Group
(Schrader, 1904; Martin, 1926; Imlay and Reesde,
1954) in the upper Koyukuk-Kobuk regionand to the
Shaktolik Group (Smith and Eakin, 1911; Martin,
1926; Imlay and Reeside, 1954) in the Y ukon River—
Norton Sound region (fig. 6). However, the lithologic
characterandareal limitsd thetwogroupsaspresently
defined are so vague and generalized that the names
appear to have little practical vaue and are hereby
abandoned.

In thisreport the Cretaceoussedimentary rocksare
subdivided into four lithologic units which, though
broadly gradational, can be mapped in a gross way.

A9

Probableareasd deposition and present-day distribu-
tiond theseunitsareshowninfigure?.

VOLCANIC GRAYWACKE AND MUDSTONE

Marine turbidites, chiefly volcanic graywacke and
mudstone, accumulated in enormous thicknesses dur-
ing late Early Cretaceous (Albian) time. These rocks
are widdy distributed in the northeastern part d the
province and aong the drainage divide between the
Y ukon River and Norton Sound. Theturbiditesappear
to have been deposited in two basins that were sepa-
rated by a broad arcuate high  Neocomian andesitic
volcanic rocks extending from Kotzebue Sound and
the Seward Peninsula to the Koyukuk River valley
(fig. 7). Typically these rocks form a monotonoudy
uniform, rhythmicallyinterbedded succession with few
distinctive horizon markers. At the margins d the
provincethey contain massesd polymict conglomerate
as much as 5,000 feet thick, and aong the borders o
thevolcanichigh they areintercalated withcrystal and
lithic tuffs. Field and aeromagnetic data suggest that
these volcanic graywacke and mudstone beds havean
aggregatethicknessd more than 20,000 feet alongthe
Y ukon River—Norton Sound divide (Gatesand others,
1968).

Moda grain counts show that the volcanic gray-
wackes are composed, on the average, d about 40 per-
cent volcanic rock fragments and feldspar (chiefly
plagioclase), 35 percent argillaceous matrix, and less
than 10 percent quartz (Patton and Miller, 1966; Pat-
ton, 1967). The volcanic debris appears to have been
derivedin part from thelate Paleozoicand early Meso-
zoic mafic volcanic rocks that rim the province, and
in part from earliest Cretaceous andesitic volcanic
rockswithintheprovince (fig. 7).

FossIsin thevolcanic graywackeand mudstone unit
are confined, for the most part, to isolated occurrences
d ammonites. Collectionsfrom 18 separatelocalitiesin
the northern part d the provinceinclude Grantziceras,
Lemuroceras, Cleoniceras,Beudanticeras, Arcthoplites,
and Gastroplites, which date theserocksas|ate Early
Cretaceous (Albian).

CALCAREOUS GRAYWACKE AND MUDSTONE

In the western part d the province the volcanic
graywackeand mudstone turbiditesareoverlangrada-
tionally by an assemblaged shallow-water calcareous
graywacke and mudstone, possibly as much as 5,000
feet thick. These calcareousstrataappear to havebeen
deposited in a broad trough that extended along the
western margin d the province from the Kobuk River
to beyond the south edge d the report area (fig. 7).
The strata coarsen westward acrossthe trough and at
the west edge d the province grade into nonmarine
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conglomeratic coal-bearing deposits that lap onto the
adjoining volcanic and metamorphic terrane. Several
small outlying masses d the coal-bearing deposits are
preserved in local structural depressions within the
metamorphic terrane d the eastern Seward Peninsula
fig.2).

( ’%he calcareous graywacke and mudstone are com-
posed o from 30-80 percent carbonate (Patton, 1967
Patton and Miller, 1968), much o whichappearsto be
detrital and derived from Pal eozoiclimestone and dolo-
mite of the Seward Peninsula and western Brooks
Range (fig. 7). Massive pebble-cobble conglomerates
made up almost entirely o limestone and dolomite
clasts occur along thewest edge o the provinceon the
Seward Peninsula and in the Waring Mountains.

The cal careousgraywackeand mudstone assemblage
is tentatively assigned a late Early and an early Late
Cretaceous age. Fossils in these strata are notably
scarce, but several small collections of shallow-water
mollusks o probable late Early Cretaceous (Albian)
age have beenfound in thelower part of theunitinthe
Waring Mountains (Patton and Miller, 1968), and
samples collected from the coal-bearing facies on the
Seward Peninsula have yielded pollen of both Early
and Late Cretaceous ages (E. B. Leopold, written
commun., 1963). In the Waring Mountains, this
assemblage is overlain by nonmarine marginal trough
deposits which have been dated by potassium-argon
methods at 84 m.y. (Patton and Miller, 1968).

SANDSTONE, SLTSTONE, SHALE AND COAL

In thesoutheasternpart o theprovince, thevolcanic
graywacke and mudstone unit is succeeded by shallow
marine and nonmarine beds o sandstone, siltstone,
shale, and coa which appear to be broadly correlative
with the cal careous graywackeand mudstone unit (fig.
6). These coal-bearing beds, which have an aggregate
thickness d at least 10,000 feet (Patton, 1966), con-
Sist of a regressivesequence that grades upward from
marine shale and sandstone into nonmarine shale, silt-
stone, sandstone, and coa. Winnowed strand-linesand-
stoneand quartz conglomerate occur locallyin thezone
d interfingering marine and nonmarine beds. This unit
is generaly distinguished from the other mid-Creta-
ceous sedimentary units by better sorting and by a
higher percentage d quartz and other resistant rock
and mineral detritus.

Thecoal-bearing bedsappear to have been deposited
in a broad shallow trough that extended along the
eastern margin d the provincefrom the north edge of
the Koyukuk Flats to beyond the south edge d the
report area (fig. 7). On the west they rest on volcanic
graywacke and mudstone, but eastward they appear to
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overlap onto andesitic volcanic rocks. The probable
source d these deposits was the metamorphic terrane
inthe Kaiyuh Mountainsand K okrines-HodzanaHigh-
lands bordering the southeastern margin o the prov-
ince (figs.2and 7). Someash-fall tuffs wereintercal ated
with the deposits at the north end o the depositional
trough, presumably derived from the broad volcanic
complexthat lay tothenorth.

The exposures d this coal-bearing sequence aong
the Y ukon River have been described in detail by sev-
eral workers (Martin, 1926; Hollick, 1930; Patton and
Bickel, 1956a). Martin (1926, p. 400) assigned the
marine beds in the lower part o the sequence to the
Nulato Formation and thenonmarine bedsin theupper
part to the Kaltag Formation (fig. 6). He described a
third unit, the Melozi Formation, which he supposed
represented a nonmarine tongue beneath the Nulato
but which more recent evidence (Patton and Bicke,
1956a; Bell, 1963, p. 10) suggestsisa marginal facies
d theKaltag. Owingtowidevariationsinlithology and
poor exposure, it has not been possible to map the
Nulato and Kaltag Formationsbeyondtheir typeareas.

Themarinestratain thelower part o the sequence
contain abundant shallow-water mollusksdf |ate Early
Cretaceous (Albian) age including Inoceramus alti-
fluminus McLearn and Gastroplites kingi McLearn.
Thecontact with theoverlyingnonmarine bedsappears
to bediachronous, however, for Turrilites acutus Passy
o early Late Cretaceous (Cenomanian) age (D. L.
Jones, written comrnun., 1968) wasdiscoveredrecently
in the upper part d the marine beds on the Anvik
River near thesouth edged themaparea. Themarine
strata, including the Nulato Formation o the Y ukon
River area, must therefore be considered as both Early
and L ate Cretaceous in age rather than entirely Early
Cretaceous as suggested by Imlay and Reeside (1954).

The nonmarine beds, including the Kaltag Forma-
tion, contain abundant plant fossils, but their exact age
remains in dispute. Hollick (1930) first described the
florain detail and assigned these bedsto theL ate Cre-
taceous. Later, the age was revised by Imlay and Ree-
side (1954, p. 237) tolate Early Cretaceous (Albian),
chiefly on the basis d the close association of these
beds with the mollusk-bearing marine beds o the
Nulato Formation. Subsequently, however, this Early
Cretaceous age assignment was questioned by Bell
(1963), who pointed out the strong floral correlation
between the Kaltag Formation and the L ate Cretaceous
(Cenomanian) Dunvegan Formation o western Can-
ada. Therecent discovery d the Cenomanian mollusk
Turrilites acutus Passy in the underlying marine beds
on the Anvik River seemsto providefirm evidencethat
at least someof the plant-bearing bedsincluded in this
unitareL ate Cretaceousin age.
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MARGINAL TROUGH DEPOSITS

A narrow band o nonmarine quartz conglomerate
hasbeen traced for nearly 450 milesalong the northern
and southeastern margin d the Yukon-Koyukuk
province (fig. 7). Small patchesd these conglomerates
arefound alongnortheast-trending faultsin the vicinity
d Hugheson the Koyukuk River. | naddition to quartz
conglomerate, these mol asselikedeposits contain minor
amounts d quartz sandstone, shale, thin bituminous
coal beds, and ash-fall tuffs. They rest uncornformably
upon Albian and Cenomanian sedimentary deposits
within the province and lap onto the pre-Cretaceous
igneous and metamorphic rocks that rim the prov-
ince. They appear t0 have accumulated in a narrow
fault-bounded trench bordering a highland source ter-
rane composed d Devonian and older metamorphic
rocks (fig. 7). Along the lower Kobuk River, these
deposits appear to be at least 3,000 feet thick (Patton
and Miller, 1968).

Poorly preserved plant fossilsd probable Cretaceous
age have been collected from these deposits at several
localities, and biotite from an interbedded ash-fall tuff
has been dated by potassium-argon methods as 834
+2.2 m.y. (middle Late Cretaceous) Patton and Mil-
ler, 1968).

UPPER CRETACEOUSANDLOWER TERTIARY ROCKS
FELSIC VOLCANIC ROCKS

Felsic extrusive and hypabyssal rocks, chiefly latites
and rhyolites, arewidespreadin theeastern part d the
province (fig. 2). Subaerial flowsand tuffs, as much as
2,000 feet thick, occur in gently to moderately folded
synclines that rest unconformably upon andesitic vol-
canic rocks d earliest Cretaceous age and upon sedi-
mentary rocks d mid-Cretaceous age. Locally in the
northeastern part d the province, these vol canicsinter-
finger with marginal trough quartz conglomerate
depositsof Late Cretaceous age. Swarmsd small sills,
dikes, and pluglike bodies d latite and rhyolite per-
vasively intrude older Cretaceous volcanic and sedi-
mentary rocksalong a 60-mile-widebelt bordering the
southeastern margin o the province. Many of these
hypabyssal bodiesappear t0 bealined a ong northeast-
trending faults.

The felsic volcanic rocksrangein agefrom Late Cre-
taceous to early Tertiary. A potassium-argon age of 85
m.y. (Late Cretaceous) was obtained from a crystal
tuff in the upper Selawik River region (Patton and
others, 1968), and an age of 53 m.y. (early Tertiary)
from a felsic flow in the Koyukuk River valley. A pollen
flora of early Tertiary age (E. B. Leopold, written
commun., 1966) was recovered from terrestrial sedi-

All

ments interbedded with the volcanics on the Y ukon
River.

TERTIARY ROCKS
NONMARINE COALBEARING DEPOSITS

Small deposits o poorly consolidated nonmarine
coal-bearing beds d Teritary age have been found at
threewidely scattered |ocalitiesin the northern Y ukon-
Koyukuk province (fig. 8). All threedepositsappear tO
bed limited extent and confined to small structural or
topographic basins.

MANGOAK RIVER

Moderately dipping beds d gravel and sand are
exposed in a 30-foot-highstream bluff onthe Mangoak
River at the south edge of the Kobuk-Selawik L ow-
lands (Patton and Miller, 1968). The deposits appear
to lie in an east-trending fault zone along the north
front of the Selawik Hills. Lignitic coal, found in float
at the based the bluff, containsan abundant Tertiary
pollen flora (E. B. Leopold, written commun., 1970).

ELEPHANT POINT

A 2-foot seam d lignitein a beach bluff o St near
Elephant Point on Kotzebue Sound was reported by
Quackenbush in 1909. This locality was revisited by
R. J. Janda and D, S. McCulloch (oral commun.) in
1961 and although the exposured coal was not found,
float o coal containing a pollen florad early Tertiary
age (E. B. Leopold, oral commun., 1963) was collected
from the beach nearby.

NORTON SOUND

Clays containing lignitic coal were discovered in a
badly slumped beach bluff 10 miles south of Unalak-
leet on theshored Norton Sound. Samplesd the coal
yielded an abundant pollen florad early Teritary age
(E. B. Leopold, written cornmun., 1966).

UPPERTERTIARY (?) AND QUATERNARY ROCKS
BASALT

Nearly flat-lying flowsd olivine basdt cover more

than 2,000 square miles o the provincein the By

land River area southeast of Kotzebue Sound (Qnds ommmss="""

dong the south shore d Norton Sound near St.
Michael. The basalt appears to have been extruded
over a terrain d moderaterelief and locally isas much
as 500 feet thick. Theflowsare deeply incised by Holo-
cene drainages and thickly mantled by | ate Pleistocene
wind-blown Siltsand glacia drift. Most o theflowsare
believed to beearly Pleistocene and probably Pliocene
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FI GURE 8.--Occurrencesd Tertiary nonmarine coal -bear i ng deposits in northern Yukon-Koyukuk province.

in age, although some fresh unmodified cinder cones
and flowsthat are clearly Holoceneinage occur in both
the Buckland River and St. Michagls areas.

| NTRUSI VE ROCKS
CRETACEOUSROCKS
GRANITIC ROCKS

The Hogatza belt d granitic plutons extends for a
distance of 225 miles across the north-central part of
the province from the Seward Peninsula to Koyukuk
River vdley (fig 3). ST N separate plutons that
range in area from 3 tQ 350 square miles have been
mapped along thisbelt ( T, 1970; Miller and others,
1966; Patton, 1967). The plutons, which have been

mf~duted by the potassium-argon method at 11 sdlected

localities, can be divided into a syntectonic mid-Cre-
taceous (~100 m.y.) suite in the western and central
parts of the belt and a |ate tectonic or posttectonic
Lat e Cretaceous (~80 m.y.) suitein theeastern part.
The mid-Cretaceous suite, composed d monzonite,
syenite,quartz monzonite, and minor alkalinesubsilicic
rocks, intrudes earliest Cretaceous andesitic volcanic

rocksand is stratigraphically bracketed by the Albian
and Cenomanian sedimentary deposits. The Late Cre-
taceous suite, chiefly d quartz monzonite and grano-
diorite, intrudes both the andesitic volcanic rocks and
the sedimentary rocks and appearsto be rel ated spati-
aly and temporally to the Late Cretaceousterrestrial
felsic volcariic rocks.

Intrusives df quartz monzoniteand granodiorite are
also widespread in the crystalline compex d the Kok-
rines-Hodzana Highlands. Two potassum-argon deter-
minations from these plutons have yielded mid-Cre-
taceous (~100 m.y.) ages (Brosgé and Reiser, 1964).

STRUCTURE
MID-CRETACEOUS BASINS

The mid-Cretaceoussedimentary rocksoccur in two
vagudy defined structural depressons. the Lower
Yukon basin, which extendsin a broad band dong the
west edgeof theprovincefromthelatituded Kotzebue
Sound southward to the Y ukon delta, and the Kobuk-
Koyukuk basin, which occupies a V-shgped areaalong
thenorthern and southeasternmarginsd the province
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FIGURE 9.—Mid-Cretaceousbasins.

(fig. 9). Thetwo basinsareseparated by a broad struc-
tural high d Early Cretaceous volcanic rocks that
trendseastward from K otzebue Sound to the K oyukuk
River and then southward beneath the Koyukuk Flats.
Near the Kaltag fault, the high narrows and the basins
converge. South o the Kaltag fault, the two basins
appear to beoffset to the southwest about 60—80 miles
(fig. 9).

Aeromagnetic data indicate that the Lower Y ukon
basin may be 15,000-25,000 feet deep (Zietz and
others, 1959). Magnetic profiles over the basin are
characteristically smooth and freed large-amplitude
anomalies suggesting that the underlying Early Cre-
taceous volcanic rocks probably are buried at great
depth (fig. 4). Nulato No. 1, a stratigraphic test hole
located on the eet side d the basin, was drilled to a
depth o 12,000feet entirely in Cretaceoussedimentary
rocks (fig. 9).

Few geophysical dataare availablefor the V-shaped
Kobuk-K oyukuk basin. Surface mapping suggeststhat
the north limb may befilled with morethan 10,000 feet
d volcanic graywacke and mudstone and nonmarine

marginal trough deposits. The sedimentary section
aong the southeast limb, however, seems to be sub-
stantially thinner, probably less than 5,000 feet thick.
Aeromagnetic profiles that cross the southeast limb
east d the Koyukuk Flats are typified by steep gradi-
ent and high-amplitudeanomaliesreflectingin part the
thinnessd the Cretaceoussequenceand in part d the
local occurrenced Late Cretaceousand early Tertiary
felsic volcanicand hypabyssal rocks (fig. 4).

CENOZOIC BASINS

Thenorthern Y ukon-K oyukuk provinceincludestwo
broad lowland areas, the Koyukuk Flats and the
Kobuk-Selawik Lowlands, which are thickly blanketed
by Quaternary siltsand glacial deposits. Payne (1955)
and Miller, Payne, Gryc (1959) have suggested that
these two areas, as well as other large interior and
coastal lowlandsd central Alaska, may represent Ceno-
zoic structural depressionsthat contain thick sections
d Tertiary strata. Thefollowingassessmentd thesub-
surface character of the Kobuk-Selawik Lowlandsand
Koyukuk Flats is based upon scattered aeromagnetic
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profiles across the lowlands and recent bedrock map-
pingaround their margins.

KOBUK-SELAWIK LOWLANDS

It seemsunlikely that Cretaceousor Tertiary sedi-
mentary rocks are present in significant thicknesses
beneath the Quaternary surficial depositsin the east-
ern part d the Kobuk-Selawik Lowlands. Intrusive
and volcanic rockscrop out near thesouth edgeof Sela-
wik Lake, and aeromagnetic profiles along the north
side d the lake show steep-gradient, large-amplitude
anomalieswhich suggest that igneousrocksareat shal-
low depth (Andreasen, 1960; Dempsey and others,
1957¢c). Aeromagnetic profiles over the Kobuk River
deltain the western part o the lowland are relatively
smooth and freed marked magneticanomalies (Miller
and Anderson, 1969). This smoothness probably re-
flects the presence d a thick wedge d Quaternary fill
beneath thedelta, but the possibility that thedeltaand
adjoining partsd Kotzebue Sound may aso be under-
lain by Cretaceousor Tertiary sedimentary rockscan-
not be ruled out. Recent marine geophysical surveys
suggest that asmuch as3 km o moderately deformed
strata d Cenozoic and possibly Late Cretaceous age
underlies large parts d the adjoining Chukchi Sea
basin( Grantz and others, 1970).

KOYUKUK FLATS

Aeromagnetic profiles across the Koyukuk Flats,
characterized by anomaliesd |largeamplitudeand steep
gradient, indicate the presenced highly magneticrocks
at shallow depths (fig. 4). Surface mappingaround the
margin d the flats suggests that the Quaternary allu-
via deposits are probably underlain by andesitic vol-
canic rocksd Early Cretaceousage (fig. 2). Theflats
do not appear to contain any substantial thickness o
Cenozoic sedimentary strata, except along the Kaltag
fault where evidence d recent sinking (Patton and
Hoare, 1968) and agravity low (Barnes, 1969) indicate
the presence d a fault trench filled with late Cenozoic
deposits.

MESOZOICAND EARLY CENOZOIC
STRUCTURAL TRENDS

All pre-Tertiary rocksin the northern Y ukon-Koyu-
kuk provinceareintensely deformedand are character-
ized by steep dips, tight folds, and closaly spaced high-
angle faults. (See, for example, Patton and Bickel,
19564, b; Bickd and Patton, 1957; Patton, 1966,1967.)
Some broad regional flexuresareshown in figure3, but
it should be emphasized that these larger features are
everywhere complicated by small, tightly appressed
foldsand innumerablesmall faults.

Fold and fault trends along the northern margin o
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the provinceroughly parallel the east-west grain d the
Brooks Range. The broad structural high along the
Hogatza plutonic belt also has a genera east-west
alinement (fig. 3).

In the western part d the province and adjoining
partsd the Seward Peninsula, fold trends are predom-
inantly north-south and northeast-southwest (fig. 3).
The Devonian and older (?) metamorphicrocksd the
Seward Peninsula appear to be thrust eastward onto
Early Cretaceous andesitic volcanic rocks, and folds
along the western margin d the provincein the mid-
Cretaceous sedimentary rocks are overturned to the
east. North d the Kaltag fault, fold trendsare bent to
the southwest, possibly by large-scalefault drag. South
d the fault, a southwest regiona grain persists asfar
asthe Yukon delta.

Foldsand faultsin the eastern part d the province
have a strong northeast-southwest orientation parallel
to the southeast margind the province. The east-west
grain d the Brooks Range and Hogatza plutonic belt
are deflected to the northeast in the northeastern apex
d theprovince (fig. 3).

An attempt to fit the complex pattern o folds and
faultsin the northern Y ukon-Koyukuk province into
theregional structural framework o northernand west-
ern Alaskaisshownin figure10. Trend lineshave been
taken largely from the tectonic map d& North America
(King, 1969).

BROOKS RANGE TRENDS

The oldest folding is represented by the east-west
BrooksRangetrends, whichaffected nearly al d north-
ern Alaskaand the north edge d the Y ukon-K oyukuk
province. Deformation along these lines beganin Late
Jurassic with the rise o the ancestral Brooks Range
and continued through Cretaceous (Patton and Tail-
leur, 1964, p. 493). In the northern Y ukon-Koyukuk
province, orogenic activity in Cretaceous time was
manifestin the plutonicand volcanicactivity along the
Hogatza plutonic belt and in the east-west folding in
the Kobuk and upper Koyukuk region.

LISBURNE-SEWARD TRENDS

Thenorth-south trendsalong thewestern part o the
province seem t0 be part d a broad dlightly arcuate
fold belt that stretches from Cape Lisburne southward
through the Seward Peninsula and western Y ukon-
Koyukuk provinceto the Y ukon River delta. A strong
eastward-directed compression is reflected in the east-
ward thrusting of Paleozoic onto Mesozoic strata at
Cape Lisburne (Campbell, 1967) and on the eastern
Seward Peninsulaand in thewestward dip d axial fold
planesin the Cretaceous stratain the western part o
the Yukon-Koyukuk province. Deflection and over-
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Ficure 10.—Mesozoic and early Cenozoic &ructural trendsin northern and western Alaska. Northern part of Yukon-Koyukuk
province is shaded.

thrustingd east-west BrooksRangetrendsclearly indi-
cate that these Lisburne-Seward trends are younger
than Brooks Range trends, probably Lat e Cretaceous
and early Tertiary.

YUKON TRENDS

Northeast-trendingfoldsand faultsalong the south-
eastern margin d the province appear to be part d a
broad band d northeast-trending structures that ex-
tend from the lower Y ukon River through east-central
Alaska into the eastern Brooks Range. To the south-
west these trends merge with, and become indistin-
guishable from, the Lisburne-Seward trends. To the
northeast they appear to deflect east-west Brooks

Range trends and die out in a conspicuousright-angle
bend d the BrooksRangefold belt. The Y ukon trends
are clearly younger than the BrooksRange trends, but
their relation to the Lisburne-Seward trendsis uncer-
tain.
FAULTS
KALTAG FAULT

The Kaltagfault has been tracedfor 275 milesacross
west-central Alaska from Norton Sound to near the
mouthd theTananaRiver (Patton and Hoare, 1968).
Recent marinegeophysical studiesby Scholl and others
(1970) suggest that it may continue another 200 miles
southwestwardacrossthe Bering Sea shelf. The Kaltag
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fault transects the Y ukon-Koyukuk province between
Ruby and Unalakleet and appears to offset all major
lithologic and structural trends (figs. 2 and 3). Prov-
inceboundariesand geologictrendswithin theprovince
appear to be displaced 40 to 80 miles right laterally
(Patton and Hoare, 1968). Thestructural grain north
d thefault in the western part d the province bends
southwestwardand intersects thefault at asmall angle
(fig. 3). This southwestward bend is accompanied by
a marked increase in deformation d mid-Cretaceous
strata and may represent large-scale fault drag. The
major lateral displacement d Cretaceous and early
Tertiary trends seems to have occurred before middle
Tertiary time, but some movement has continued into
Holocene time, as evidenced by loca drainage offsets
d asmuchas1.5 miles (Patton and Hoare, 1968).

KOBUK FAULT ZONE

The Kobuk fault zone extends along the northern
border d the province for 300 milesand may continue
an additional 150 mileseastward to the Porcupineline-
ament (figs. 3 and 10). Thiszoned faulting, as much
as20 mileswide, ismadeup d numerousclosaly spaced
high-anglefractures, only afew d which areshownin
figure 3. The Kobuk trench, a narrow linear topo-
graphicdepressionwhich can betraced alongthe south
edge d the Brooks Range from middle reachesd the
Kobuk River eastward to the Yukon Flats, lieswithin
the fault zone and appears to be a fault-controlled
feature.

It has been suggested by Grantz (1966) that the
Kobuk fault zone represents a major strike-slip fault,
possibly the offset extension d the Tintina fault. Al-
though no clear-cut evidence d lateral offset has been
found, some large-scale horizontal dislocation seems
required by major structural discontinuitiesacrossthe
fault zone. For example, along the lower Kobuk River,
trendsin the BrooksRange bend sharply southward to
intersect the fault zone at nearly right angles (fig. 3).
On the south side these trends are opposed by east-
west and northeast-southwest trends in the Waring
Mountains. Farther east in the region d the central
Kobuk River, a broad band d northwest-trendingfolds
in the Cretaceoussedimentary rockson the south side
d thefault iscut df and opposed on the north side by
east-west trends in the metamorphic rocks d the
BrooksRange.

Theaged themajor faulting is thought to belatest
Cretaceous or Tertiary, but some Quaternary move-
ment isindicated by local rupturing d Pleistocenegla-
cia drift (Patton and Miller, 1966).
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