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Geologic Map of Central (Interior) Alaska
compiled by

Frederic H. Wilson, James H. Dover, Dwight C. Bradley, Florence R.
Weber, Thomas K. Bundtzen, and Peter J. Haeussler

Introduction

This map and associated digital databases are the result of a compilation and reinterpretation of
published and unpublished 1:250,000- and limited 1:125,000- and 1:63,360-scale mapping. The map
area covers roughly 416,000 km? (134,000 sq mi) and encompasses 25 1:250,000-scale quadrangles
in central Alaska. The compilation was done as part of the U.S. Geological Survey National Surveys
and Analysis project, whose goal is nationwide assemble geologic, geochemical, geophysical, and other
data. This map is an early product of an effort that will eventually encompass all of Alaska and is the
result of an agreement with the Alaska Department of Natural Resources, Division of Oil And Gas to
provide data on interior basins in Alaska. Two geophysical maps that cover the identical area have
been published earlier: Bouguer gravity map of Interior Alaska (Meyer and others, 1996); and Merged
aeromagnetic map of Interior Alaska (Meyer and Saltus, 1995).

Compilation of this map began in September 1996, using published 1:250,000-scale mapping. As
the project progressed, published maps at other scales and unpublished mapping were incorporated
as we built an integrated map. Description and correlation of geologic units to produce map units was
an iterative process that continued through technical review to publication. Digital files of the final
compilation of each of the 25 1:250,000-scale quadrangles are provided on this CD-ROM.

Cited in the text and on the map are the map sources we used; additional map sources are listed in
Galloway and Laney (1994).

It takes little imagination to realize that many compromises have been made in strongly held
beliefs to allow construction of this compilation. Yet even our willingness to make interpretations and
compromises does not allow us to resolve mapping conflicts in some areas. Therefore, there are a
number of areas on the map where it was necessary to separate map units by "quadrangle boundary
faults." More time and fieldwork may allow resolution of these conflicts. We believe that this map and
its problems present a very good argument to justify and support further work in this area and
elsewhere in Alaska. Nonetheless, we hope that geologists who have mapped in central Alaska will
recognize that in incorporating their work, our regional correlations have required generalizing and
lumping of units. Lead efforts on the map compilation were as follows: Cenozoic and Mesozoic
sedimentary rocks and igneous rocks, Frederic Wilson; Paleozoic sedimentary rocks, Dwight Bradley;
metamorphic rocks, James Dover; with supporting efforts for all rock types in the northeast and
central part of the map area by Florence Weber; the southwest part of the map area by Tom Bundtzen,;
and the Tyonek area by Peter Haeussler.

Compiling this map was complicated because the original source maps were made by different
generations of geologists, mapping with very different ideas. A few of the older maps were completed
before the concepts of plate tectonics or accreted (suspect) terranes. On the other hand, some of the
more recent maps were so governed by terrane analysis that conventional stratigraphic nomenclature
was not used and is obscured. For the present compilation, we adopted a traditional stratigraphic
approach and have avoided use of the controversial and inconsistently defined term "terrane." Our
decision to adopt a traditional approach is reflected in a map that emphasizes age and lithology of map
units, rather than differences among fault-bounded packages of rocks. For a map of the present scope
and scale, the traditional approach seems to have more to offer to a wider variety of users. It is far
easier to construct a terrane map from a traditional geologic map than vice-versa. One conception of
the map area from a terrane point of view is that of Silberling and others (1994), shown as figure 2 on
sheet 3 of this compilation. Another can be found in Nokleberg and others (1994). It will be apparent
from examination of figure 2 that our lumpings of units results in a map having divisions only loosely
similar to Silberling and others (1994)

Some of our groupings of map units use terms previously applied by other geologists to terranes.
We instead use such terms as "sequence" "assemblage," and "complex" for groups of rock units
characterized by a common history or environment. Sequences, as used here, are groups of
sedimentary rock units that display a coherent and consistent stratigraphy and association.
Assemblages consist of a mixture of sedimentary, igneous, and(or) metamorphic rock units within a
still recognizable stratigraphic framework that may be tectonically internally disrupted. Complexes
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are generally restricted to igneous or metamorphic rock assemblages and may have no apparent
stratigraphic framework. An exception, however is the McHugh Complex, a tectonic melange in
southern Alaska whose name is in common use.

In general, where terminology for lithologic packages of rock units has come into common usage
and where we could justify or support its continued usage, we have used that terminology. An
example of such a lithologic association is the Nixon fork sequence. The ease with which this is done
is in part dependent on our knowledge or perceived understanding of the rock units. This packaging
occurs at either extreme of our spectrum of knowledge. Thus, packaging very old metamorphic rocks
is relatively easy because we don't know any better. In other cases, such as the Nixon Fork sequence,
we have reasonably good constraints on the nature of the rock units and can confidently package
them.

In the following descriptions, units are generally listed in chronological order from youngest to
oldest. In the unit descriptions, the age of the units, rather than their apparent stratigraphic position
is given after the unit label and name. In the text of the descriptions, lower and upper is used to
denote stratigraphic position, whereas late and early indicate age. Within each major age category,
sequences, assemblages, and complexes are listed first, followed by sedimentary, igneous, and
metamorphic rock units, listed in order of increasing age.

In general, metamorphic rock units are listed in increasing order of their inferred or interpreted
protolith age, which in many cases is subject to significant uncertainty. In the limited number of
cases for which we cannot interpret a protolith age the metamorphic rocks are listed by increasing age
of metamorphism, either known or inferred.
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DESCRIPTION OF MAP UNITS
[Note: Quadrangles are 1:250,000 scale unless otherwise noted.]

GENERAL UNITS

Bedrock of unknown type or age-- Includes rubble of metasiltstone and chert in the
Kantishna River quadrangle and other areas of unknown bedrock throughout map area

QUATERNARY AND LATE TERTIARY ROCKS AND DEPOSITS

Surficial deposits, undifferentiated (Quaternary)-- Unconsolidated silt, sand, and gravel
of fluvial, glacial, colluvial, and other origins

Volcanic rocks, undivided (Quaternary)-- Basalt to rhyolite flows, pyroclastic deposits,
lahar deposits, and other volcanic deposits. Located in the south central part of map area.
Largely associated with the Wrangell group of volcanoes in the Gulkana quadrangle
(Nokleberg and others, in press), but also includes the northernmost of the Cook Inlet
volcanoes in the Tyonek quadrangle (Miller and Smith, 1976; Magoon and others, 1976)

Volcanic rocks, undivided (Quaternary and Late Tertiary)-- Includes the Wrangell Lava
consisting chiefly of basalt and andesite in the southeastern part of the map area and
olivine basalt and vesicular andesite in the northern part of the map area (Nokleberg and
others, in press)

Intrusive rocks, undivided (Quaternary and Late Tertiary)-- Rhyolitic to andesite domes,
dikes swarms and plugs and other intrusive rocks exposed chiefly in the Wrangell
Mountains (Nokleberg and others, in press)

TERTIARY ROCKS
Sedimentary rocks

Sedimentary rocks, undivided (Tertiary)-- Includes a number of different units mapped
in various areas throughout the map area:

In the Healy quadrangle, unit Ts (Csejtey and others, 1992) consists of a sequence of
poorly consolidated fluviatile dark-gray shale, yellowish-gray sandstone, siltstone, and
pebble conglomerate of possible Eocene to Miocene age that may be in part correlative with
the Tertiary coal-bearing sequence (unit Tcb).

In the Mount Hayes quadrangle, units Ts and Tsc of (Nokleberg and others, 1992a),
consist of (unit Ts) brown sandstone and graywacke and interbedded conglomerate and
argillite of possible Oligocene to Pliocene age and (unit Tsc) light-colored, fine-grained,
poorly sorted sandstone, of Eocene to Miocene age, locally containing interbedded
siltstone, pebbly sandstone, pebble to cobble conglomerate, and sparse, thin coal layers.
Unit Tc of Nokleberg and others (1992a) consists of poorly sorted, crudely bedded to
massive, polymictic conglomerate and subordinate sandstone. Assigned age of unit Tc is
Eocene? because unit locally overlies volcanic rocks of Eocene age.

In the Circle quadrangle (Foster and others, 1983), unit Tcs consists of gray or tan
conglomerate that grades into gray, tan, or iron-oxide stained sandstone.

In the Big Delta quadrangle (Weber and others, 1978), consists of light-gray poorly
consolidated, poorly bedded fine to very coarse conglomerate, olive-gray, brown, or orange-
brown coarse- to fine-grained sandstone and olive-gray siltstone.

In the Talkeetna Mountains quadrangle, unit Tsu, consists of fluviatile conglomerate,
sandstone, and claystone which contain a few interbeds of lignitic coal and which may be
correlative with the Chickaloon Formation (Csejtey and others, 1978)

In the McGrath quadrangle, consists of thick- to thin-bedded moderately indurated
sandstone interbedded with poorly indurated, laminated, fissile, carbonaceous shale and
fine-grained sandstone (Bundtzen and others, 1997a). Also included in map unit is
limestone conglomerate of the McGrath quadrangle, unit Tcl of Bundtzen and others
(1997a). Assigned age is pre-middle Eocene for the sandstone and shale unit as unit is
intruded by a middle Eocene dike, whereas the limestone conglomerate unit is assigned an
age of late Paleocene? to Oligocene

Kenai Group, undivided (Pliocene to Oligocene)-- Poorly to moderately indurated pebble to
cobble conglomerate, cross-bedded medium-grained sandstone to granule conglomerate,
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clay layers, and coal seams as much as 5 m thick (Solie and others, 1991). Consists of
rocks assigned to the Beluga, Sterling, and Tyonek Formations and other unassigned
fluvatile sedimentary rocks of Pliocene to Oligocene age. Units are typically estuarine and
nonmarine clastic sedimentary rocks. Tertiary formations assigned to Kenai Group in the
Cook Inlet basin by Calderwood and Fackler (1972). Locally subdivided into:

Sterling Formation (Pliocene)-- Orange, light-tan, or light-gray, massive-bedded, coarse
conglomerate

Beluga Formation (Miocene)-- Sandstone, siltstone, and coal

Tyonek Formation (Miocene)-- Carbonaceous sandstone, siltstone, shale, and claystone.
Locally divided into two members, a sandstone member consisting of about 80 percent tan
to light-gray sandstone, 20 percent light- to medium-gray siltstone and claystone, and less
than 1 percent conglomerate, coal, and volcanic ash. Conglomerate member consists of 40
percent conglomerate, 20 percent sandstone, and less than 40 percent siltstone, claystone,
and coal. Also includes the Hemlock Conglomerate of Oligocene age where units are
undivided

Nenana Gravel (Pliocene and late(?) Miocene)-- Yellowish-gray to reddish-brown well-
sorted, poorly to moderately consolidated conglomerate and coarse-grained sandstone
having interbedded mudflow deposits, thin claystone layers, and local thin lignite beds
widely distributed on the north side of the Alaska Range. Unit is more than 1,300-m-thick
and moderately deformed (Csejtey and others, 1992; Bela Csejtey, written commun., 1993)

Coal-bearing rocks (Miocene? to Paleocene?)-- Healy Creek, Sanctuary, Suntrana, Lignite
Creek, and Grubstake Formations of the Nenana coal field, the sedimentary rocks of the
Jarvis Creek coal field of Nokleberg and others (1992a), which have been divided into three
members, and similar units in other Tertiary basins; located largely north of the Alaska
Range. "The coal-bearing rocks comprise terrestrial cyclic sequences, in varying
proportions, of siltstone, claystone, mudstone, shale, generally cross-bedded and pebbly
sandstone, both arkosic and quartz-rich, subbituminous coal and lignite, and minor
amounts of dominantly quartz- and chert-pebble conglomerate (Csejtey and others, 1992)"

Tsadaka, West Foreland, and Wishbone Formations, undivided (Tertiary)-- Also
includes unnamed fluvatile conglomerate and coal-bearing sandstone of the eastern
Talkeetna Mountains. Locally subdivided into:

Tsadaka Formation (Miocene or Oligocene)-- Poorly sorted cobble to boulder
conglomerate, interbedded with lenses of feldspathic sandstone, siltstone, and shale. Unit
is of terrestrial origin, deposited on alluvial fans and in braided streams from a northerly
source. Clasts in the conglomerate are largely plutonic in contrast to the underlying
Wishbone Formation. Age considered Oligocene on the Anchorage quadrangle geologic
map (Winkler, 1992) and Miocene on the Talkeetna Mountains quadrangle geologic map
(Csejtey and others, 1978)

West Foreland Formation (Eocene)-- Conglomerate, sandstone, and siltstone; mostly
tuffaceous (Magoon and others, 1976)

Wishbone Formation (Eocene)-- Fluviatile conglomerate having thick interbeds of
sandstone, siltstone, and claystone and containing local partings of volcanic ash.
Deposited in a similar environment as the overlying Tsadaka Formation; however source
terrain was largely volcanic, most likely the Talkeetna Formation

Volcanic and sedimentary rocks, undivided (Oligocene and Eocene)-- Light to medium
greenish-gray to gray conglomerate, graywacke, siltstone, lignitic shale and bituminous
coal (Weber and others, 1992). Also includes greenstone, basalt, and tuff interlayered with
medium- to medium-dark-olive-gray graywacke and conglomerate grading upward to
siltstone in the northern part of the Livengood quadrangle. Isom Creek section is
overturned to the north. Unit may be in part correlative with units Tcb and Tfv of this map

Fluviatile sedimentary rocks and subordinate volcanic rocks (early Eocene?)--
Intercalated fluviatile sequence of conglomerate, sandstone, siltstone, and mudstone, and
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a few thin, interlayered flows of basaltic andesite found in the Healy quadrangle (Csejtey
and others, 1992). Finer grained parts contain carbonized plant fragments. Csejtey,
(comment in Csejtey and others, 1992) suggests possible correlation with the Cantwell
Formation. Other possible correlations are with units Tvs (preferred) and Tcb of this map.
Unit as shown on map also includes similar units in the McGrath (Bundtzen and others,
1997a) and Mount Hayes (Nokleberg and others, 1992a) quadrangles

Chickaloon Formation (Eocene and Paleocene)-- Predominantly fluviatile and alluvial
carbonaceous mudstone, siltstone, conglomeratic sandstone, and polymictic conglomerate
(Winkler, 1992). Locally, upper and middle parts of unit contain numerous beds of
bituminous coal. Lower part of unit largely conglomerate and lithic sandstone derived
from erosion of the Talkeetna Formation. Thickness is more than 1,500m

Arkose Ridge Formation (Eocene, Paleocene, and Late Cretaceous?)-- Fluviatile and
alluvial feldspathic and biotitic sandstone, conglomerate, siltstone, and shale containing
abundant plant fragments. Deposition in a coarsening upward sequence was on alluvial
fans and by overloaded braided streams carrying sediment derived from rapid erosion of
uplifted mountains to the north. Thickness is as much as 700m. Age control is largely
based on late Paleocene fossil plants and radiometric ages on locally associated volcanic
flows and dikes. A pre-Tertiary age has been suggested for the part of the unit based on a
questionable K-Ar age determination on biotite from a metamorphosed part of the unit
(Csejtey and others, 1977; 1978); otherwise the age is considered broadly coeval with the
Chickaloon Formation (Winkler, 1992)

Orca Group, undivided (Eocene and Paleocene)-- Thick complexly deformed accretionary
sequence of flysch and tholeiitic volcanic rocks (Winkler, 1992). Consists of basaltic flows,
pillow breccia, and tuff interbedded with flyschoid siltstone and sandstone. Outcrops
within the Valdez and Anchorage quadrangles. Locally sub-divided into:

Sedimentary rocks of the Orca Group-- Monotonous sequence of thin- to thick-bedded
sandstone, siltstone, and mudstone. Primary sedimentary features indicate deposition by
turbidity currents (Winkler, 1992)

Conglomerate of the Orca Group-- Massive, clast-supported pebble, cobble, and boulder
conglomerate grading to matrix-supported pebbly mudstone and sandstone (Winkler,
1992)

Volcanic rocks of the Orca Group, undivided (Eocene? and Paleocene)-- Tholeiitic pillow
basalt, pillow breccia, and minor aquagene tuff. Volcanic rocks are conformable with
enclosing flyschoid sedimentary rocks and on a regional scale the tholeiitic rocks are
lenticular in form (Winkler and others, 1981)

Igneous rocks
Volcanic and hypabyssal rocks

Volcanic rocks, undivided (Tertiary)-- Includes unit Tvv of the Healy quadrangle (Csejtey
and others, 1992), consisting of volcanic flows ranging from basalt to rhyolite in
composition, pyroclastic rocks and subordinate subvolcanic intrusive rocks. Similar
volcanic rocks occur as unit Tv in the Anchorage and Talkeetna Mountains quadrangles,
where they also include small lenses of fluviatile conglomerate. A crude stratification is
described (Csejtey and others 1978; Winkler, 1992), where felsic rocks and pyroclastic
rocks occur stratigraphically lower and basaltic and andesitic flows occur in the upper
part of the section. In the Lime Hills quadrangle (Gamble and Reed, 1996), small "volcanic
intrusive" centers of unit Tvi are included in this unit. Age control is sparse and unit is
generally considered to range throughout the Tertiary; however most K-Ar age
determinations are Eocene and older. In the Nulato quadrangle, this unit includes
Patton's (written commun., 1997) unit Tr, rhyolite and dacite flows and shallow intrusive
bodies and unit Ta, andesite and basalt flows, both of Eocene and Paleocene age

Rhyolitic volcanic and sedimentary rocks (Tertiary?)-- Rhyolitic volcanic and minor(?)
associated sedimentary rocks are mapped in a small area in the Tanana quadrangle
(Chapman and others, 1982; Dover, unpublished data, 1997). Rhyolitic rocks consist of
light- to very light-yellow and yellowish-gray to cream and white flows and breccia. Tuff
and probable welded tuff, generally devitrified, are common and similar in color to the
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lavas. Sedimentary rocks include minor light- to medium-gray cherty rocks and very light-
yellow to tan and light-olive- to medium-gray, generally thin-bedded to laminated siltstone
and shale, grading to argillite

Basalt (early Tertiary?)-- Brownish black olivine basalt. Vesicular in part, locally displays
columnar jointing and possibly pillow structures in the Sleetmute quadrangle (Miller and
others, 1989); also includes olivine basalt in the Livengood, Fairbanks and Lime Hills
quadrangles

Hypabyssal felsic and intermediate intrusive rocks (Miocene to Paleocene, mostly Early
Tertiary or Eocene?)-- Includes unit Ti in the Anchorage (Winkler, 1992) and unit Tif, both
of apparent Eocene age, in the Valdez (Winkler and others, 1980) and Talkeetna
Mountains (Csejtey and others, 1978) quadrangles. Consists of small stocks, dikes, and
sills of rhyolite to dacite. Also includes similar rocks in the Healy (Csejtey and others,
1992), Mount McKinley (Bela Csejtey, Jr., written commun., 1993) and Big Delta (Weber
and others, 1978) quadrangles. In the McGrath quadrangle (Bundtzen and others, 1997)
unit includes units Tid, Tif, and Tia, dikes and sills of a wide range of compositions but
largely felsic to intermediate composition

Hypabyssal mafic intrusive rocks (Miocene to Paleocene, mostly Early Tertiary or
Eocene?)-- Widely exposed small stocks and irregular-shaped dikes and sills of diorite
porphyry, diabase, basalt and lamprophyre. Includes unit Tim, of apparent Eocene age, in
the Anchorage (Winkler, 1992) and Talkeetna Mountains (Csejtey and others, 1978)
quadrangles. Also includes similar rocks in the Healy (unit Tvim, Csejtey and others,
1992) and Mount McKinley (unit Tvim, Bela Csejtey, Jr., written commun., 1993)
quadrangles, and unit Td, porphyritic to equigranular andesite and basalt dikes in the
Lime Hills quadrangle (Reed and Gamble, 1988). Unit also tentatively includes unit TJdds
of the Anchorage quadrangle (Winkler, 1992) consisting of mafic to intermediate dikes,
sills, stocks, for which Tertiary to Jurassic age was assigned Winkler (1992)

Pliocene

Hornblende dacite-- Subvolcanic intrusive hornblende dacite of Jumbo dome in the Healy
quadrangle. K-Ar age 2.79 +/- 0.25 Ma age (Csejtey and others, 1992)

Miocene

Basaltic andesite-- Very fine-grained to aphanitic, dark- to medium-gray, locally vesicular
basaltic andesite. K-Ar ages 6.9 +/- 0.2 and 13.0 +/- 0.5 Ma (Miller and Bundtzen, 1994)

Oligocene and Eocene

Crystal and crystal-lithic ash-flow tuff (early Oligocene to late Eocene)-- Tuff and
subordinate flows and hypabyssal intrusive rocks of apparently felsic composition in small
exposures in the eastern Lime Hills and the Melozitna quadrangles. Also includes local
accumulations of volcaniclastic sedimentary rocks. In some areas of the Lime Hills
quadrangle, rocks range from andesite to dacite in composition, in general the composition
was not reported (Gamble and Reed, 1996). Units included here consist of the informally
defined Seabee, Lime Hills A-2, Snowcap, North Volcanic Center, and Styx River Volcanics
of Gamble and Reed (1996). In the Melozitna quadrangle, includes rocks formerly mapped
by Patton and others (1978) in their unit TKv, now know to be of Tertiary age. Exposures
are found in the Indian River, Takhakhdona Hills, and Dulbi River areas of the Melozitna
quadrangle

Andesite and basalt (Oligocene and Eocene)-- Andesite breccia and tuff called the Mount
Galen Volcanics (Gilbert, 1979) that is the eruptive equivalent of the Mount Eielson pluton.
K-Ar age of 38 Ma (Gilbert, 1979). Includes a variety of volcanic rocks assigned to the
Sheep Creek, Windy Fork, and Terra Cotta volcanic fields by Bundtzen and others (1997a).
Also includes the Roundabout Mountain volcanic field (see description of unit KJv, Patton,
1966), composed of mildly deformed vesicular basalt and pyroclastic rocks in the Kateel
River quadrangle. According Moll-Stalcup and others (1994), the Roundabout Mountain
volcanic field is andesite of 30-45 Ma age. W.W. Patton, Jr. (oral commun., 1997)
explained that the age range of the volcanic field was assigned by inference from the
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Takhakhdona and Indian Mountain volcanic fields to the east (Moll-Stalcup and others,
1994)

Paleocene

Volcanic rocks of the Cantwell Formation-- Intercalated, moderately deformed,
sequence of andesite, altered basalt, rhyolite, and dacite flows, felsic pyroclastic rocks and
minor sandstone and carbonaceous mudstone largely in the Healy quadrangle (Csejtey and
others, 1992). K-Ar ages are typically Paleocene, although some are as young as Eocene.
The Teklanika Formation is sometimes used in the literature as a synonym for this unit.
Herein includes, unit Tv of Nokleberg and others (1992a), which consists chiefly ash-flow
tuff, breccia, agglomerate, flows, dikes, and sills in the Mount Hayes quadrangle. Also
includes minor volcanic sandstone, conglomerate, and fossiliferous limestone. Nokleberg
and others (1992a) refer this unit to the Eocene on the basis of a single whole-rock 49 Ma
K-Ar age determination on a rhyodacite tuff

Plutonic rocks

Granitic and volcanic rocks, undivided (Oligocene to Paleocene)-- Extensive border zone
between a Tertiary granitic batholith (unit Tgr of this map) and slightly younger felsic dikes
and small subvolcanic intrusive bodies that cut the pluton. Also includes erosional
remnants of rhyolitic flows overlying the pluton (unit Tgrv, Csejtey and others, 1992) in the
south central Healy quadrangle

Oligocene

Granite-- Biotite-bearing peralkaline alkali-feldspar granite and biotite-plagioclase granite
of 29 to 31 Ma age and biotite or biotite-amphibole granite of 25 to 27 Ma age in the Lime
Hills (units Twf, Tnep, Gamble and Reed, 1996), McGrath (unit Twg, Bundtzen and others,
1997a) and Tyonek quadrangles. Unit also includes biotite granite of 32 Ma age in the
Anchorage quadrangle (unit Tmg, Winkler, 1992)

Oligocene or Eocene

Granitic rocks (early Oligocene or late Eocene)-- Includes a wide variety of granitic rocks
exposed throughout much of the southern part of the map area. Rocks range from alkali-
feldspar granite, through biotite or biotite-hornblende granite to granodiorite and minor
quartz monzonite. Locally, the rocks are porphyritic and hypabyssal. Rocks of the unit
are exposed in the Lime Hills quadrangle (Gamble and Reed, 1996) as well as the Mount
Hayes (Nokleberg and others, 1992a), and Anchorage (Winkler, 1992) quadrangles. Also
included are small quartz monzonite plutons of the southeastern Sleetmute quadrangle
(Miller and others, 1989). Radiometric ages on these plutons range from about 34 Ma to
as much as 45 Ma, however most of the plutons yield ages of about 38 Ma

Granodiorite to tonalite (early Oligocene or late Eocene)-- Biotite, biotite-hornblende, and
hornblende granodiorite, quartz diorite, and quartz monzodiorite. Rocks of the unit are
exposed in the Lime Hills (Gamble and Reed, 1996), Mount McKinley (Bela Csejtey, Jr.,
written commun., 1993), Talkeetna (Reed and Nelson, 1980), and Anchorage quadrangles
(Winkler, 1992)

Eocene

Granite and granodiorite-- Undated biotite-hornblende granite and granodiorite and
altered biotite and hornblende tonalite yielding ages about 45 Ma in the Valdez quadrangle
(units Tg and Tt, Winkler and others, 1980); biotite-hornblende granodiorite dated at 44
and 48 Ma in the Talkeetna Mountains quadrangle (unit Tgd, Csejtey and others, 1978);
and porphyritic hornblende granodiorite dated at 52.8 Ma in the Iditarod quadrangle (unit
Tp, Miller and Bundtzen, 1994)

Felsic intrusive rocks-- Widely distributed leucocratic dikes, sills, and small stocks south
of Border Ranges fault in the Anchorage quadrangle (Winkler, 1992). Bodies are generally
thin, but some have lateral extents of several kilometers; some can be traced as far as 30
km across the strike of the enclosing Valdez Group. Dacite is the most common
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composition, rhyolite is also present. Radiometric ages fall in two clusters, one at 55-48
Ma and another at 44-43 Ma. However, a dike near Anchorage crosscutting the Valdez
Group (unit Kvs) and McHugh Complex (unit KTRm) yielded a 34.8 Ma age

Paleocene

Granitic rocks-- Widely distributed biotite-muscovite granite to quartz monzonite.
Granitic rocks of this unit in the southern part of the map area are part of the informally
defined McKinley Sequence (Gamble and Reed, 1996) in the Lime Hills quadrangle (Gamble
and Reed, 1996) yielding radiometric ages between 57 and 65 Ma and in the Talkeetna
quadrangle dated at 56 to 52 Ma and 65 to 64 Ma (Reed and Nelson, 1980) are also part of
the unit. Farther north, 60 million-year-old quartz monzonite plutons in the Livengood
quadrangle (Weber and others, 1992), 62 to 65 million-year-old plutons in the Tanana
quadrangle (Chapman and others, 1982), and a 55 Ma granite pluton in the Mount Hayes
quadrangle (unit grgr, Nokleberg and others, 1992a) are all part of this unit

Granodiorite and other intermediate plutonic rocks-- Consists of biotite and biotite-
hornblende granodiorite, largely in the southern part of the map area. Includes an
unnamed quartz diorite pluton (58 Ma) and the Mount Estelle pluton of the Lime Hills
(Gamble and Reed, 1996) and Talkeetna (Reed and Nelson, 1980) quadrangles, plutons in
the western and northern parts of the Talkeetna Mountains quadrangle (Csejtey and
others, 1978), all generally yielding ages between 61 and 66 Ma. Also includes a number
of small monzonite or monzodiorite bodies in the Livengood quadrangle (unit Tm, Weber
and others, 1992)

Gabbro (Paleocene)-- Dark-colored, fine- to medium-grained hornblende and pyroxene-
hornblende gabbro (62 Ma) in the Lime Hills A-2 1:63,360-scale quadrangle (Gamble and
Reed, 1996)

TERTIARY AND/OR CRETACEOUS
Sedimentary rocks

Conglomerate, sandstone, and lignite (Tertiary(?) and Cretaceous)-- Rocks exposed in a
25-m-thick section along the Sethkokna River in the Medfra quadrangle (Patton and
others, 1980). Conglomerate contains clasts of quartz, chert, felsic volcanic rocks, and
talc-schist. Unit is overlain by rhyolite and dacite flows of the Volcanic rocks of the Sischu
Mountains unit (included in unit TKvr here). Provisionally assigned a Latest Cretaceous
age (Campanian-Maestrichtian) on the basis of pollen in the lignite beds.

Igneous rocks
Volcanic and hypabyssal rocks

Flows, tuff, and breccia, undivided-- Basaltic, andesitic, and rhyolitic flows, tuff, and
breccia and a few dacite flows, minor interbedded sandstone and shale. Exposed primarily
in the Ruby and Ophir quadrangles (Cass, 1959; Chapman and Patton, 1979; Chapman
and others, 1985). Unit also includes unit TKvd, dacite flows and dikes; and unit TKvt,
intermediate composition tuff of the Veleska Lake volcanic field of Bundtzen and others
(1997a) in the McGrath quadrangle and felsic tuff of the Tyonek quadrangle (Solie and
others, 1991)

Dikes and subvolcanic rocks of intermediate composition-- Exposed in widely
scattered areas throughout map area. Includes pilotaxitic dacite-andesite plugs in the
Iditarod quadrangle (Miller and Bundtzen, 1994)

Hypabyssal granite porphyry dikes and rhyolitic sills, and plugs-- Exposed in widely
scattered areas

Rhyolite and related rocks-- Consists of light gray to pink rhyolitic volcanic rocks and
minor dacite, including flows, tuff, welded(?) tuff and breccia. Exposures of this unit
include the volcanic rocks of the Big Creek -- Tokatjikh Creek area of the Melozitna
quadrangle (mapped as unit TKv by Patton and others, 1978), the northwestern part of the
Tanana quadrangle, the Nowitna River and Nixon Fork-Upper Sulukna River areas, and
the Sischu Mountains and northeast in the Medfra (Patton and others, 1980), Ruby (Cass,
1959), Mount McKinley (Bela Csejtey, Jr., written commun., 1993), Tanana (Chapman and
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others, 1982), and Kantishna River quadrangles (Chapman and others, 1975). Also
includes felsic volcanic rocks associated with volcano-plutonic complexes of the Sleetmute
quadrangle, as mapped by Miller and others (1989) and rhyolitic tuff and dacite dikes of
the Veleska Lake volcanic field of Bundtzen and others (1997a). Where determined, age
ranges between approximately 70 and 50 Ma

Andesite and related rocks-- Largely andesite but includes minor dacite and basalt flows,
tuff, and breccia. Consists of that part of the Iditarod Volcanics that overlie the
sedimentary rocks of the Kuskokwim Group (unit Kk) in the Iditarod quadrangle. Also
includes the "Volcanic rocks of the Yetna River," also in the Iditarod quadrangle (Miller and
Bundtzen, 1994), and the "Volcanic rocks of the Nowitna River" area of the Medfra
quadrangle (Patton and others, 1980), basaltic andesite of Veleska Lake volcanic field of
Bundtzen and others (1997a)

Mafic to intermediate volcano-plutonic complexes-- Chiefly altered basaltic andesite
and trachyandesite porphyry flows and hypabyssal intrusive bodies. Mostly in the
southwestern part of the map area, in the Iditarod, Sleetmute, and Medfra quadrangles.
Ages range between approximately 71 and 65 Ma

Intrusive rocks

Intrusive rocks, undivided-- Composition ranges from granite to diorite. Radiometric
ages not available for most bodies. Largely in the southwestern and western part of the
map area

Granitic rocks-- Widely distributed and exposed granitic intrusive rocks, chiefly biotite
and biotite-hornblende granite. Includes lesser granodiorite, quartz monzonite and alkali
granite

Granodiorite, tonalite, and monzonite dikes, and stocks-- Limited to the southeastern
part of the map area, except for the monzonite bodies, which tend to occur farther west
and north. Available K-Ar radiometric ages range from 59 to 75 Ma

Quartz diorite and diorite dikes and stocks-- Fine- to medium-grained, hypautomorphic
granular quartz diorite and diorite dikes and stocks. Mapped only in the Mount Hayes
quadrangle (Nokleberg and others, 1992a)

Lamprophyre, alkali gabbro, and alkali diorite-- Mapped in the Mount Hayes quadrangle

Gabbro and leucogabbro-- Fine- to medium-grained hypidiomorphic granular textured
gabbro and leucogabbro, typically in small plutons. Mapped in the Lime Hills (Gamble and
Reed, 1996) and Talkeetna Mountains (Csejtey and others, 1978) quadrangles. Age is
poorly constrained

Gabbro (Tertiary? to Devonian?)-- Medium- to coarse-grained gabbro with minor diorite
and basalt which intrude(?) rocks of inferred Triassic to Mississippian age and locally,
Cretaceous age. Contact relations are uncertain due to poor exposure but Chapman and
others (1985) indicate at least one gabbro body is clearly intrusive and has a hornfels
aureole. A similar unit of gabbroic sills, dikes, and small plugs in the adjoining Medfra
quadrangle was given a provisional Tertiary to Devonian age. Includes unit TMg the Ophir
quadrangle (Chapman and others, 1985) and unit TDg in the Medfra quadrangle (Patton
and others, 1980)

Metamorphic rocks

Melange or cataclastite of the Orca Group (Tertiary and Cretaceous)-- Extensive
serpentinized ultramafic rocks, including dike-like bodies of rodingite, blocks of layered
gabbro, crossite schist, pillow basalt, marble, chert and diverse other rock types.
Conglomerate clasts within unit resemble lithologies in the Chickaloon Formation (Winkler
and others, 1980; Winkler, 1992). Chert clasts are of probable Late Triassic or Early
Jurassic age. Emplacement of the melange or cataclastite is inferred to have been during
Cretaceous or Tertiary time. Outcrops within the Valdez and Anchorage quadrangles
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Gneissose granitic rocks (early Tertiary to Early? Cretaceous)-- Chiefly gneissose
granodiorite, quartz diorite, and minor granite referred to as the East Susitna batholith in
the Mount Hayes quadrangle (Nokleberg and others, 1992a). In the Talkeetna Mountains
quadrangle, Csejtey and others (1978), mapped an early Tertiary andalusite and(or)
sillimanite-bearing pelitic schist, lit-par-lit migmatite, and granite unit we have included
here. In the Healy quadrangle, Csejtey and others (1992) mapped similar rocks as part of
their unit Kgr, which is in part correlative with the East Susitna batholith of Nokleberg and
others (1992a). The granitic bodies show moderately to well-developed flow foliation and
all internal contacts between phases are gradational as well as the contact with unit
Mzpca. Unit has pervasive schistosity generally striking northeast to southwest and
dipping moderately to steeply west, is locally blastomylonitic and contains relict
porphyritic textures. Metamorphic grade is middle to upper amphibolite facies.
Radiometric ages, including U-Pb zircon and sphene and K-Ar mica and hornblende ages
have a wide range, between about 70 and 29 Ma (Nokleberg and others, 1992a; Csejtey
and others, 1978; 1992). Youngest ages are close to and may be related to unroofing along
the Denali fault system. In the Healy quadrangle, rocks of this unit are included in unit
Kgr, Cretaceous granitic rocks. South of the Susitna Glacier, these rocks are described as
migmatitic and thought to reflect lit-par-lit intrusion of Tertiary magma into Cretaceous
plutons. The youngest ages for this unit tend to occur in close proximity to the Denali
Fault. In the Lime Hills and Tyonek quadrangles, unit TKgs, gneiss is included in this
unit. An orthogneiss as above, its texture appears mylonitic. Composition is primarily
granodiorite, however up to 5 percent garnet was noted locally in contrast to the gneiss of
the Mount Hayes and Healy quadrangles. Structural grain strikes northeast to southwest
and tends to be vertical or dip steeply (80°) to the northwest

Amphibolite facies metamorphic rocks (Earliest Tertiary to Paleozoic)-- Dominantly
medium- to medium-dark-gray garnetiferous quartz-mica schist and amphibolite, but
includes slate and shale in the Livengood quadrangle. Locally has gneissic texture. Minor
marble and very minor quartzite occur in unit in the Tanana quadrangle. Unit outcrops as
large fault slivers or "lozenges" along a strand of the Tintina-Kaltag fault system in the
Livengood (Weber and others, 1992) and Tanana quadrangles (Reifenstuhl and others,
1997). In the Tanana quadrangle, geophysical interpretation cited in Reifenstuhl and
others (1997) and outcrop patterns suggest a steep northwest contact with rocks of the
Tozitna assemblage and a moderately southeast dipping southeast contact. Protolith age
is unknown and although Reifenstuhl and others (1997) and Dusel-Bacon and others
(1989) suggest a Ruby or Yukon-Tanana metamorphic complex origin, Weber and others
(1992) suggest a possible protolith of Tozitna sedimentary rocks. Includes the Raven
Creek Hill unit of Weber and others (1992) and units pTam, pTas, pTaq of Reifenstuhl and
others (1997)

UNDIVIDED MESOZOIC ROCKS
Sedimentary rocks

Gemuk Group (Early Cretaceous to Late Jurassic and Triassic to Mississippian?)-- Chiefly
massive and thin-bedded, fine-grained, siliceous rocks, includes some volcanic rocks,
calcareous siltstone, and limestone. Miller and others (1989) described Gemuk Group in
the Sleetmute quadrangle as chiefly siltstone interbedded with lesser chert and volcanic
rocks and minor limestone, graywacke and breccia. Only Early Cretaceous and
Cretaceous fossils are known from the Sleetmute quadrangle. Early Cretaceous, Late
Jurassic, and Triassic to Mississippian(?) fossils have been collected from the Gemuk
Group (Hoare and Coonrad (1959a) elsewhere. Originally defined by Cady and others
(1955), Hoare and Coonrad (1959a, b) subdivided the unit in the Bethel and Russian
Mission quadrangles. Box and others (1993) described rocks of this unit in the Bethel and
southern Russian Mission area as a series of distinct terranes and further subdivided it

Igneous rocks

Intrusive rocks (Mesozoic?)-- Undated parts of the Alaska-Aleutian Range batholith in the
Tyonek quadrangle. Chiefly quartz diorite, diorite, and gabbro (Reed and Elliott, 1970)

Ultramafic and associated rocks (Mesozoic?)-- Chiefly variably serpentinized pyroxenite,
peridotite, dunite, schistose amphibolite and hornblende-plagioclase gneiss derived from
gabbro (Nokleberg and others, 1992a). Exposed close to the Denali Fault and along the
Broxson Gulch thrust in the Mount Hayes quadrangle. Protolith thought Paleozoic,
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metamorphosed in the Early Cretaceous. K-Ar analysis of biotite and hornblende from
pyroxenite yielded nearly concordant ages of 123 and 126 Ma (Nokleberg and others,
1992a)

Metamorphic rocks

Schist and amphibolite (Late Cretaceous or older?)-- Dominantly fine- to medium-grained
garnet-bearing schist and hornblende amphibolite, with subordinate calc-silicate schist
and quartzite, and intercalated gneissose granitic to gabbroic metaigneous rocks. Includes
migmatitic rocks of the MacLaren metamorphic belt (Smith, 1981) near East Susitna
batholith (unit TKgg). Metamorphic grade increases gradationally eastward and northward
toward the East Susitna batholith (unit TKgg). Underwent amphibolite facies and local
greenschist facies retrogressive metamorphism. K-Ar hornblende and biotite ages range
from 65.9 to 31.9 Ma, with biotite yielding the consistently youngest ages. Includes the sa,
mig, and mgsh units in the MacLaren terrane of Nokleberg and others (1992a) in the
Mount Hayes quadrangle. We interpret rocks originally mapped as the Kahiltna flysch
sequence by Csejtey and others (1992) in the southeastern part of the adjacent Healy
quadrangle to the west, had the same protolith as these units. We have therefore placed
those rocks in this unit

Phyllite, pelitic schist, calc-schist, and amphibolite of the MacLaren metamorphic
belt (Mesozoic)-- Mainly phyllite, quartz-mica schist, calc-schist, amphibolite, and
subordinate marble and meta-andesite, derived from siltstone, graywacke, marl, andesite,
and gabbro. Underwent amphibolite facies metamorphism and local greenschist
retrograde metamorphism, and at least two phases of folding having opposite vergence.
Metamorphic grade appears to increase gradationally eastward from the Healy to Mount
Hayes quadrangles, and from south to north across a series of thrust faults mapped within
the Mount Hayes quadrangle, toward the gneissose granitic rocks of unit TKgg. K-Ar mica
ages range from 48.0 to 30.6 Ma and an amphibole age was 69.6 Ma (Nokleberg and
others, 1992a). Separated from unit Mzsa, schist and amphibolite, by the Meteor Peak
fault, and distinguished lithologically from unit Mzsa by its calcareous component.
Includes the msh, mph, and ma units of Nokleberg and others (1992a) in the MacLaren
metamorphic belt of the Mount Hayes quadrangle. A lithologically similar part of the
Kahiltna flysch sequence (KJf) of Csejtey and others (1992) in the southeastern part of the
Healy quadrangle has been correlated on this compilation with the above units of
Nokleberg on the basis of mapping in the Healy A-1 (Smith, 1981) and A-2 (Smith and
others, 1984) quadrangles. This correlation includes units Ks, Kp, pJa, pJt, and pJcg of
Smith (1981) and Smith and others (1984). Rocks of this unit are considered by most
workers as part of the MacLaren metamorphic belt (Smith, 1981; Smith and others, 1984,
Csejtey and others, 1992; Nokleberg and others, 1992a)

CRETACEOUS ROCKS
Sedimentary rocks

Cantwell Formation, sedimentary rocks subunit (Paleocene(?) and Late Cretaceous)--
Unit consists of a fluviatile, intercalated sequence, in various proportions, of dominantly
polymictic conglomerate, sandstone (including arkose), siltstone, argillite, shale, and a few
thin coal beds Csejtey and others (1992). Locally thin volcanic flows and thin tuff layers
are present. Conglomerate clast lithology varies greatly within the outcrop area, indicating
different geologic source areas and deposition by a number of river systems. Plant fossils
suggest a Paleocene age; however some K-Ar ages suggest the unit might locally contain
strata of Cretaceous age (Csejtey and others, 1992) and recent palynological analyses
reported by Ridgeway and others (1994) suggest an early Campanian to late Maestrichtian
age for the Cantwell and a thickness of as much as 4,000 m. As mapped here, unit also
includes continental sedimentary rocks that crop out in the Talkeetna quadrangle. These
consist of chiefly medium- to dark-gray phyllitic shale, sandstone, grit, and conglomerate
containing minor carbonaceous shale and tuffaceous sandstone

Minto unit (Late Cretaceous(?)-- Interbedded yellowish-gray, iron-stained siltstone, light-
gray to light-yellowish-gray mudstone locally containing pyritized plant fragments, light- to
medium-olive-gray, very fine- to medium-grained graywacke, hard quartzo-feldspathic
sandstone, light-yellowish-gray shale, and medium-dark-gray clay shale. Grain size fines
and bedding thins upsection. Load casts, bioturbation and burrows occur locally. Unit
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reflects deltaic to continental shelf depositional conditions. Age control is imprecise, unit
thought post-Albian

Km Matanuska Formation (Late Cretaceous (Maestrichtian) to late Early Cretaceous (Albian)--
Well-indurated, thinly-bedded, dark-gray fossiliferous shallow marine shale containing
conspicuous calcareous concretions, volcanic-lithic siltstone, sandstone, graywacke, and
subordinate conglomerate. Diverse shallow to deep marine (in part, turbiditic) deposits
derived from a northern source, either an unidentified mid-Cretaceous magmatic arc or the
Jurassic arc represented in part by the Talkeetna Formation (Winkler, 1992). Upper part
of unit is coeval with the flysch of the Valdez Group to the south. Rests with pronounced
angular unconformity on Early Cretaceous and older strata (Csejtey and others, 1978)

Kuskokwim Group-- Divided into:

Kk Kuskokwim Group, deep marine rocks (Late Cretaceous and late Early Cretaceous)--
Sandstone, siltstone, shale, and conglomerate. Includes fine- to coarse-grained, greenish-
gray to gray, thinly cross-bedded sandstone and quartz-chert pebble conglomerate having
poorly exposed interbeds of dark shale and siltstone. Locally, light- to medium-gray, fine-
to coarse-grained, resistant turbiditic sandstone and medium to dark-gray shale and
siltstone displaying graded bedding, cross-bedding, flute clasts, and ripple marks.
Includes 15 to 40 percent shale and siltstone. Bouma ABCD and BCDE intervals are
present. Also includes well-indurated volcaniclastic sandstone containing as much as 40
percent volcanic clasts; locally siliceous, and very resistant in outcrop. May be lateral
equivalent of agglomerate, chert, tuff, and sandstone unit herein included in the
Kuskokwim Group volcanic rocks (mapped here as unit Kvl). Flysch trace fossil
Paleodictyon abundant locally. Woody fragments, plant stems, dicotyledon leaf fragments,
and Inoceramus prisms locally abundant (Bundtzen and Laird, 1980, 1982; cited in
Chapman and others, 1985). Unit is widely distributed in southwestern Alaska (see
Decker and others, 1994). Mapped as units Ksu and Ksc in Medfra (Patton and others,
1980), unit Kks in Iditarod (Miller and Bundtzen, 1994), unit Kk in Sleetmute (Miller and
others, 1989), unit Kku in Lime Hills (T.K. Bundtzen, unpublished data, 1998), units Ku,
Kss, and Kls in Ophir (Chapman and others, 1985), and units Kcs, Kss, Kls, Kus, and Ksh
in McGrath (T.K. Bundtzen, unpublished data, 1998) quadrangles. In the Lime Hills
quadrangle, distinction between the Kuskokwim Group and the Kahiltna flysch sequence
(unit KJf) is difficult and placement of the boundary is controversial

Kkn Kuskokwim Group, non-marine and shallow-marine rocks (early Late Cretaceous)--
Predominantly very fine- to medium-grained, medium- to medium-dark-gray and greenish-
gray, in part calcareous, graywacke and sandstone(?), medium-dark gray siltstone and
shale, and minor granule to pebble polymictic conglomerate. Unit is the non-marine facies
of the Kuskokwim Group and is recognized in the Ophir (Chapman and others, 1985),
Iditarod (Miller and Bundtzen, 1994), Medfra (Patton and others, 1980), McGrath, and
Sleetmute (T.K. Bundtzen, unpublished data, 1998) quadrangles. Commonly thin-bedded,;
weathers to various shades of yellow, brown, and red. Largely shallow marine to
nonmarine and unfossiliferous (Chapman and others, 1985)

Sedimentary rocks of the Yukon-Koyukuk region (late Early Cretaceous to Late Cretaceous)--
Thick packages of very similar sedimentary rocks are found rimming the Yukon-Koyukuk region which
in the past were called the Bergman or Shaktolik Group. However, both names have since been
abandoned (Patton, 1973). These rocks consist of turbiditic basin fill covered by deltaic marine and
nonmarine sedimentary rocks that prograded over the turbidites largely from the east in the map area,
but also from the west, west of the map area. Right lateral offset along the Kaltag Fault has
juxtaposed rocks of the eastern Kobuk-Koyukuk sub-basin against rocks of the western Lower Yukon
sub-basin (Patton and others, 1994a). This map shows the rocks of the two sub-basins as different
units, informally called the Melozitna and Norton Bay sequences in order to clearly show the
distinction. The deltaic rocks of the Melozitna sequence, from the Kobuk-Koyukuk sub-basin are
proportionally thicker and as a result this group contains a higher percentage of conglomerate, which
in itself contains a higher proportion of metamorphic and granitic clasts.

Kme Melozitna sequence (Late Cretaceous to late Early Cretaceous)-- Graywacke, shale, grit,
and conglomerate. Lower part consists of shallow marine sandstone and shale that grades
upward into nonmarine dark-gray to green sandstone, siltstone, shale, and quartz-chert
pebble conglomerate. Locally, coal beds are reported (Martin, 1926, p. 407). Similar,
unnamed unit, has been described in the Unalakleet (Patton and Moll-Stalcup, 1996),
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Nulato (W.W. Patton, Jr., written commun., 1997), and Ophir quadrangles (Chapman and
others, 1985). Cretaceous sedimentary rocks of unit Ksu of Patton (written commun.,
1997) south of the Kaltag Fault or east of the Koyukuk Flats in the Nulato quadrangle are
here mapped as part of this unit, but rocks of unit Ksu north of the Kaltag Fault are
mapped as unit Knbg. This distinction is made because descriptions from the source
maps suggest a mixed granitic and metamorphic source for rocks south of the Kaltag Fault
and a volcanic rock dominated source north of the Fault. Many of the rocks in this unit
were originally included in the now abandoned Shaktolik Group (Patton, 1973). Locally
subdivided into:

Nonmarine sandstone, quartz conglomerate, shale, and siltstone (Late(?) Cretaceous)--
Olive-green, fine- to coarse-grained, cross-bedded, quartzose sandstone and grit; quartz-
pebble conglomerate, and dark micaceous shale and siltstone. Interbedded fine-grained to
gritty, dark-gray to green graywacke and mudstone. Abundant plant debris. Probably
correlative with Upper Cretaceous nonmarine strata in Kateel River quadrangle (Patton
and others, 1978; Patton, 1966)

Quartz-pebble conglomerate (early Late Cretaceous)-- Light-gray quartz-pebble
conglomerate and quartzose sandstone containing minor intercalated ashy tuff. Intruded
by granodiorite of Late Cretaceous (~82 Ma) age. Limited areal extent in the northeast
quadrant of the Melozitna quadrangle

Igneous pebble-cobble conglomerate (Late Cretaceous? and Albian)-- Massive, poorly
sorted conglomerate having pebble- to cobble-sized clasts chiefly of mafic intrusive and
extrusive rocks and chert of various colors. Locally clasts of quartz, quartzite, granitic
rocks, schist, and limestone are abundant but otherwise only occur in minor amounts.
Interbedded fine-grained to gritty, dark-gray to green graywacke and mudstone. Grades
upward into unit Kss and in part overlies and in part laterally gradational with unit Kvgm
(Patton and others, 1978). Unit thought largely Albian but may include beds as young as
Late Cretaceous (Patton and others, 1978)

Volcanic graywacke and conglomerate (early Late or late Early Cretaceous?)-- Poorly
sorted, fine- to coarse-grained graywacke, sandstone, grit, and pebble- to cobble
conglomerate composed chiefly of volcanic rock and chert detritus in the Medfra and Ophir
quadrangles (Patton and others, 1980; Chapman and others, 1985)). Contains locally
abundant large Inoceramus, brachiopods, and worm tubes. Includes massive volcanic
conglomerate mapped as part of unit Kgs of Patton (1966) in the northwesternmost Kateel
River quadrangle. This conglomerate is probably gradational with coarse breccia and
agglomerate of unit Kve

Norton Bay sequence (Late Cretaceous to late Early Cretaceous)-- Marine and nonmarine
deltaic shale, siltstone, and sandstone. Northwestern part of the map area; locally
subdivided here as nonmarine Kshn and marine Ksse. Also includes units Kgw and Km
described below. In the Kateel River quadrangle, the juxtaposition of the various rock
units of the Norton Bay sequence is probably due to thrusting, followed by normal faulting
(W.W. Patton, Jr., oral commun, 1998)

Kshn Nonmarine shale, siltstone, and sandstone (Late Cretaceous)-- Dark-gray to olive-gray

Ksse

micaceous shale and siltstone, and light-olive-gray to yellowish-orange, fine- to coarse-
grained cross-bedded sandstone. Massive sandstone beds near base of units forms
resistant ridges. North of the Kateel River, sandstone contains pyroclastic debris. White
quartz and dark chert pebble conglomerate lenses near base of unit. Bituminous coal
beds as much as 6 inches [10 to 15 cm] thick are present in unit as are abundant plant
fossils. Unit has an estimated thickness of 5,000 feet [1,500 m] (Patton, 1966)

Marine sandstone and siltstone (Early Cretaceous, Albian)-- Littoral and offshore marine
deposits of dark-gray shale and siltstone interbedded with subordinate dark-greenish-gray
fine-grained sandstone in lower part and light-olive fine- to coarse-grained sandstone in
upper part. Local volcanic conglomerate at contact with unit Kve, andesitic volcanic rocks.
Sandstone better sorted and more quartzose than unit Km, below. Albian age assigned on
the basis of abundant molluscan fauna, particularly the occurrence of Inoceramus
altifluminis McLearn (Patton, 1966)
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Kmm Marine mudstone and sandstone (Early Cretaceous, Albian)-- Chiefly medium- to dark-

Kgw

Kwcf

Kvgm

Ksm

Knl

Kb

gray mudstone and medium-gray to dark-greenish-gray moderately to highly calcareous
fine-grained sandstone. Sandstone is composed largely of mafic and intermediate volcanic
detritus, including some pyroclastic material, but locally contains lenses of feldspar and
chert grit. Mudstone commonly banded and finely cross-bedded. Age assignment based
on the occurrence of Gastropilites. Unit interpreted as prodelta turbidite (W.W. Patton, Jr.,
oral commun., 1998)

Graywacke sandstone and mudstone (Cretaceous, Albian{?} in part)-- Chiefly dark-
greenish-gray to pale-olive tuffaceous and feldspathic fine- to very coarse-grained
sandstone and subordinate dark-gray mudstone. Abundant lenses of feldspar and chert
grit. Sandstone composed largely of mafic and intermediate volcanic detritus, including
some pyroclastic material. Unit interpreted as submarine fan turbidite (W.W. Patton, Jr.,
oral commun., 1998)

Wilber Creek flysch (Albian)-- Interlayered siltstone, shale, sandstone, and conglomerate
originally subdivided into coarse- and fine-grained units (Weber and others, 1992).
Siltstone and sandstone are medium- to medium-dark-gray and greenish-gray, moderately
sorted and very fine- to medium-grained. Conglomerate is dark-olive-gray to medium-
dark-gray, iron-stained, polymictic, unsorted, subangular to well-rounded, ranges in grain
size from granules to cobbles. Clasts are of local derivation and consist of quartzite,
limestone, mafic and felsic igneous rocks, greenstone, diorite and other intrusive rocks,
sandstone, siltstone, phyllite, chert, rare grit, shale rip-ups, and very rare carbonatite.
Beds are typically internally massive, large- to medium-scale, graded and amalgamated,
having planar tops and bases. Local small-scale trough-crossbeds internally fill large-scale
troughs and fining upward cycles are common. Conglomeratic graywacke occurs within
lenses in unit. Minor small-scale scour-fills locally fine upward into ripple-laminated
medium-gray to black siltstone, and dark-gray to black shale. Albian age based on
presence of Paragastroplites flexicostatus. Graywacke rich in volcanic detritus is locally
characteristic and may correlate with the Kathul Graywacke in the Charley River
quadrangle east of the map area (Dover and Miyaoka, 1988)

Volcanic graywacke and mudstone (Albian)-- Chiefly dark-greenish-gray, fine-grained to
gritty, poorly sorted turbiditic graywacke composed largely of first- and second-cycle
volcanic debris, but locally containing abundant granitic and metamorphic rock debris.
Dark-gray mudstone interbeds. Graded bedding common. Contains some intercalated
crystal tuff. Age assignment based on correlation with similar unit in Hughes quadrangle
to north of map area (Patton and others, 1978). Unit stratigraphically underlies Norton
Bay and Melozitna sequence sedimentary rocks and is thickest in Lower Yukon sub-basin
(Patton and others, 1994a) on west. Unit interpreted as submarine fan turbidite (W.W.
Patton, Jr., oral commun., 1998)

Quartz-carbonate sandstone and pebbly mudstone (Valanginian-Aptian)-- Fine- to
coarse-grained quartz-carbonate sandstone and conglomerate, quartzose limestone, and
dark-gray pebbly mudstone and siltstone. Clast lithologies consist of quartz, carbonate,
and quartz-mica schist. Fossil age control extensive; Buchia subleavis, B. crassicolis, and
Cylindroteuthis in the lower beds, indicate a Valanginian age, Inoceramus and Arcoteuthis
in middle beds indicate a Hauterivian and Barremian age, and rare cephalopods including
Tropaeum indicate an Aptian age for the upmost beds (Patton and others, 1980). Unit
limited to small areas of outcrop in the Medfra quadrangle

Nelchina Limestone (Hauterivian and Barremian)-- Shallow water marine sequence of
thinly bedded calcareous sandstone, siltstone, claystone, minor conglomerate, and thick-
bedded to massive clastic limestone, as mapped by Grantz (1960) in the Talkeetna
Mountains quadrangle. The Nelchina Limestone rests with slight angular conformity on
the Late Jurassic Naknek Formation

Berg Creek Formation (Early Cretaceous?)-- Marine sandstone, siltstone, mudstone
containing many interbeds of pebble- and cobble-conglomerate. Greenish-gray sandstone,
in many places calcareous and cross-stratified, is predominant in lower part of the
sequence. Framework grains in the sandstone and conglomerate clasts indicate largely
volcanic source terrain. Dark-greenish-gray siltstone and mudstone are predominate in
the upper part of the section; uppermost strata include rusty-weathering calcareous
siltstone interbeds and concretions. Originally mapped as unit Js on the Valdez map

14



(Winkler and others, 1980), according to George Plafker (G.R. Winkler, written commun.,
1998), unit is now considered the lower part of the Berg Creek Formation
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Melange

KTRm McHugh Complex (Cretaceous to Triassic?)-- Tectonic melange consisting largely of Triassic

through mid-Cretaceous protoliths of oceanic affinity. Blocks are boudins and fault slices
of relatively competent rocks: basalt, chert, graywacke, and conglomerate, plus rare
blueschist, gabbro, ultramafic rocks, and limestone. Matrix consists of relatively
incompetent argillite, and locally, light-green tuff. Intermixing of blocks in the matrix
occurs at scales ranging from that of a thin section to that of a 1:250,000-scale
quadrangle. Gabbro, basalt, chert, argillite, and graywacke are interpreted as an oceanic-
plate succession conveyed by plate motions into a subduction zone and deformed into a
tectonic melange. Triassic through mid-Cretaceous radiolaria date the chert, and by
inference, abyssal-plain sedimentation. Limestones, possibly originating on seamounts,
have yielded Permian fusilinids and conodonts of tropical, Tethyan affinities. The time
during which the various protoliths were intermixed to form a melange is not well
constrained, but most likely spanned the Jurassic and Cretaceous

Kmar Melanges of the Alaska Range (Silurian to Cretaceous protoliths; Cretaceous melange

TRrSI1

mlu

formation). Consists of four rock suites, intensely deformed and intricately intermixed by
tectonic and perhaps also sedimentary processes. Suites are: 1) cherty tuff, chert,
argillite, and volcaniclastic sandstone. Radiolaria and conodont fragments from the Healy
quadrangle indicate a Mississippian to Late(?) Devonian age (Csejtey and others, 1992); 2)
flysch-like assemblage of dark-gray to black argillite, slate, shale, graywacke, and
subordinate chert, chert-pebble conglomerate, and polymict conglomerate. It has yielded
Buchia sp. of Late Cretaceous to Late Jurassic age in the Healy quadrangle (Csejtey and
others, 1992), and a Cretaceous ammonite in the Mt. Hayes quadrangle (Nokleberg and
others, 1992b). In the Mt. Hayes quadrangle, minor andesite and dacite are associated
with the flysch-like assemblage; 3) limestone, of Silurian, Devonian, and Triassic ages, is
mapped and described separately as unit TRSI in the Healy quadrangle; in the Mt. Hayes
quadrangle, limestone is present but not differentiated from the main body of melange
(Nokleberg and others, 1992a); and (4) ultramafic rocks, of unknown age, mapped and
described separately as unit mlu. This melange unit crops out in two belts in the Healy
quadrangle, and two belts in the Mt. Hayes quadrangle. South of the Denali fault in the
Healy quadrangle, Csejtey and others (1992) mapped the main body of melange as unit
Kms, and limestone blocks within it as unit msl. This southerly belt of melange
corresponds to the Broad Pass terrane of Jones and others (1982; see fig. 2, herein).
Farther north in Healy quadrangle, Csejtey and others (1992) assigned a narrow belt of
melange between two strands of the Denali fault to their unit Kmn; associated limestone
blocks in this northerly belt were mapped as unit mnl (shown here as unit TrRSI), and
associated ultramafic rocks were mapped as unit mno. The northerly belt of melange
corresponds to the Windy terrane of Jones and others (1982). The two belts of melange in
Healy quadrangle are similar in that both contain large proportions of intensely deformed
Kahiltna-like flysch (unit KJf, herein) enclosing blocks of Devonian shallow-marine
limestone; they differ, however, in that ultramafic rocks and Triassic limestones occur only
in the northerly belt, whereas Paleozoic cherty rocks occur only in the southerly belt. In
the Mt. Hayes quadrangle, Nokleberg and others (1992a) mapped two belts of melange
between strands of the Denali fault system, and correlated these with the Windy terrane of
Jones and others (1982)

Limestone blocks (Silurian to Triassic)-- Lenses and elongate blocks, up to several
kilometers long, of medium-bedded to rarely massive, fine- to medium-grained, gray,
fossiliferous limestone. Occurs in two outcrop belts in the Healy quadrangle, one south of
the Denali fault, the other between strands of the Denali fault (Csejtey and others, 1992).
Megafossils and conodonts from the southerly belt range from Silurian to Middle Devonian,;
megafossils and conodonts from the northerly belt are of Middle Devonian and Late
Triassic ages (Csejtey and others, 1992). Comparable carbonate blocks occur in two
outcrop belts of melange in Mt. Hayes quadrangle (unit Kmar of present map; unit wm of
Nokleberg and others, 1992a) but were not mapped separately. The most closely dated of
these has yielded a Middle Devonian (Givetian) age based on megafossils (Nokleberg and
others, 1992b)

Ultramafic and associated rocks (Unknown age, assigned to melange)-- Serpentinized
ultramafic rock, altered baslat, green and maroon tuff and recrystallized chert. Unit
occurs in a small fault sliver within the Denali Fault system in the Healy quadrangle
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(Csejtey and others, 1992). Jones and others (1982) suggested these rocks might comprise
an ophiolite assemblage

Igneous rocks
Volcanic and hypabyssal rocks

Volcanic rocks (Late Cretaceous)-- Largely dacite, andesite, and basalt and subordinate
andesitic to basaltic subvolcanic rocks. Ranges from flows, including agglomerate, to tuff
and also dikes and sills; all are variably hydrothermally(?) altered. Subvolcanic rocks are
chiefly found in the southwestern part of the map area, but are also sparsely distributed in
the Healy quadrangle. In the Iditarod quadrangle these rocks were mapped as part of two
units, the Kuskokwim Group and part of the Iditarod Volcanics. Distinction between unit
TKvi of this map, which also includes the Iditarod Volcanics, is on the basis of the contact
relation between these rocks and the underlying or interfingering Kuskokwim Group
sedimentary rocks. This map unit consists of those rocks where the interfingering
relationship is most apparent

Volcaniclastic rocks (Early Cretaceous)-- Largely andesitic and dacitic crystal-lithic tuff
and lithic tuff, volcanic graywacke, and mudstone. Rare andesite flows. Mapped only
along northern edge of Melozitna quadrangle and in the adjoining Hughes quadrangle
outside of the map area. Overlies unit Kve and may grade laterally into unit Kvgm

Andesite and related rocks (Early Cretaceous, Neocomian and Albian?)-- Chiefly
porphyritic pyroxene andesite and trachyandesite flows, pillow basalt, andesitic and dacitic
tuff, volcanic conglomerate, and breccia, tuffaceous graywacke, chert and fine-grained
cherty tuff, and limestone, generally restricted to the northwest part of the map area. In
the vicinity of the Koyukuk River these rocks are widely altered to a hard dark green
hornfels near granitic intrusions. Elsewhere, the volcanic rocks are altered and pale
green. Limestone is in part coquina composed largely of Buchia and in part impure
limestone containing Buchia. Mildly deformed and unaltered vesicular basalt and
associated pyroclastic rocks along the Koyukuk River near Roundabout Mt. originally
mapped by Patton (1966) as part of this unit may be Tertiary (Patton, oral commun., 1997)
and are shown on this map as part of unit Tvu. In the Tyonek quadrangle, small areas of
basaltic rocks of probable early Cretaceous age are interbedded within Cretaceous(?)
sedimentary rocks. While included here for display convenience, we do not mean to imply
these Tyonek flows and those near the Koyukuk River are related

Intrusive rocks

Granitic rocks-- Largely granitic, but range from tourmaline-bearing granite to diorite.
Intrusions range from dikes and sills, to small and large plutons. Widely distributed
includes granite plutons in the Mount Hayes quadrangle, and quartz monzonite and
granodiorite plutons in the Anchorage, Fairbanks, Livengood, Tanana, and Melozitna
quadrangles. Radiometric ages are as old as 120 Ma and as young as 70 to 65 Ma, but
typically range between 105 and 90 Ma. Plutons yielding ages of 110 Ma or greater than
are shown with a vertical crosshatch pattern, whereas those yielding ages of 85 Ma or less
are shown with a horizontal crosshatch pattern

Mafic and ultramafic rocks-- Gabbro, diorite, serpentinite, and mafic volcaniclastic rocks.
Ranges from small, structurally bounded, pervasively sheared, discordant bodies of
serpentinized ultramafic rocks wholly enclosed in pelitic schist in the Anchorage
quadrangle (Winkler (1992) to dikes and lense-like masses of dark-greenish gray, medium-
to coarse-grained gabbro and massive, medium-gray, medium-grained diorite, including
the gabbro of Mount Moffit of the Mount Hayes quadrangle and a correlative unit of
gabbro, diorite, metagabbro, metadiabase, and amphibolite dikes sills and small plutons
(units gbm and mgb, Nokleberg and others, 1992a). Restricted to bands through the
central part of the map area in the Tanana and Kantishna River, Anchorage, and the Big
Delta and Mount Hayes quadrangles

Leucotonalite and trondhjemite (Early Cretaceous)-- Plugs and sills of leucocratic
medium-grained plutonic rocks in a zone about 5 km wide along the Border Ranges fault
in the Anchorage quadrangle. Generally foliated; apparently syntectonically emplaced
during ductile and then brittle thrusting on the Border Ranges fault system. K-Ar, Rb-Sr,
and U-Pb age determinations range between 103 and 133 Ma, overlapping ages of large
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Jurassic trondhjemite plutons (unit Jtr, this map) to the north of the Border Ranges fault
system (Winkler, 1992)

Metamorphic rocks

Rocks of unknown protolith age metamorphosed during Cretaceous and possibly Early Tertiary

time.

Kvs

KJw

KJwc

KJs

KJf

Metasedimentary rocks of the Valdez Group (Late Cretaceous)-- Drab, rhythmically
alternating, deformed turbidites, including meta-sandstone, meta-siltstone, argillite, slate,
phyllite, and pebble- to cobble conglomerate. Beds are typically a few centimeters to a few
meters thick. Locally, massive meta-sandstone and less abundant matrix-supported
pebble- to cobble-conglomerate occurs in channel sequences many tens of meters thick.
In some places, turbiditic sedimentary structures, including graded bedding, current-
ripple cross-lamination, convolute lamination, and sole marks have been preserved
(Winkler, 1992). Adjacent to the thrust contact with McHugh Complex melange, includes
a tectonic melange consisting of blocks of Valdez Group meta-sandstone enclosed in a
phacoidally cleaved matrix of Valdez Group argillite; this monomict melange is quite
distinct from the polymict melange of the McHugh Complex. Assigned a Late Cretaceous
(Campanian? to Maestrichtian) age on the basis of scattered occurrences of Inoceramus.
Mapped in Anchorage and Valdez quadrangles. Metamorphic grade ranges from prehnite-
pumpellyite to lower greenschist facies

Metavolcanic rocks of Valdez Group (Late Cretaceous)-- Mafic metatuff and minor
massive or weakly foliated greenstone with rare pillows (Winkler and others