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This report makes available the chapter on the "Geology of east-central
Alaska" of the Alaska DNAG volume, which is still in preparation. A few
references, given herein as "this volume"™ citations, refer to other chapters that
will appear in the same DNAG volume. These references are necessarily incomplete
as to publication date, volume number, and page numbers. Nevertheless, these
references are included here to alert the reader to the inclusion and eventual
accessibility of the relevant data in the Alaskan DNAG volume.
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INTRODUCTION

The east-central Alaska region extends west from the Canadian border to the
southeast edge of the Koyukuk basin, and north from the Yukon-Tanana upland to the
southeast flank of the Brooks Range (fig. 1). The region encompasses all or parts
of thirteen 1:250,000 quadrangles and covers an area of about 140,000 kmZ .

The physiography of the region (Wahrhaftig, this volume) is extremely diverse
(fig. 1) . Steep mountainous areas having high to moderate relief include parts of
the Ogilvie Mountains, White Mountains, Yukon-Tanana upland, Ray Mountains, and
southeastern Brooks Range. Areas of dissected plateaus and rolling hills with
moderate to low relief include the Porcupine plateau and the Kokrines-Hodzana
upland. Lowlands characterize the Yukon Flats basin and extend upstream into
other parts of the Yukon River and Porcupine River drainage basins.

Bedrock exposures are severely limited in most of the east-central Alaska
region. Mountainous areas are locally glaciated, but except in the most rugged
parts of the Ogilvie Mountains and parts of the Brooks Range, bedrock is
extensively mantled by surficial cover and the colluvial products of alpine
weathering processes. Stream cuts commonly offer the best exposures in generally
forested or tundra covered areas of moderate relief. Lowland areas have few pre-
Cenozoic bedrock exposures because of extensive surficial cover and tundra.

The pioneering reconnaissance studies by J. B. Mertie and his predecessors
were carried out in the east-central Alaska region prior to 1940. A relatively
small group of geologists conducted the basic geologic mapping during the 1960's
and 1970's that defined the stratigraphic and structural framework of the region
and that forms the foundation of more recent studies. Among these mappers, to
whom I am especially indebted, are E. E. Brabb and Michael Churkin, Jr., in the
Charley River and Black River quadrangles; H. L. Foster, in the Eagle quadrangle
and the Yukon-Tanana upland; R. M. Chapman and F. R. Weber, in the Tanana and
Livengood quadrangles; and W. P. Brosgé and H. N. Reiser, in the southeastern
Brooks Range. Although the list of references accompanying this chapter attests
to the number of contributors to the geology of the region, the fundamental
contributions of these seven cannot be overestimated. Among the major geologic
features of the east-central Alaska region that they helped define are the Charley
River, Livengood, and southeastern Brooks Range fold-and-thrust belts; the low-
grade metamorphic and plutonic complexes of the Ruby geanticline, Yukon-Tanana
upland, and southern Brooks Range; the Tozitna mafic-igneous and sedimentary
assemblage; and regionally prominent strike-slip fault systems (fig. 2). More
recent work has emphasized the wide range of stratigraphic facies and structural
styles characterizing the east-central Alaska region. This work has led Churkin
and others (1982) and Silberling and Jones (1984) to subdivide the region into
numerous tectonostratigraphic (lithotectonic) terranes and subterranes (fig. 2;
Silberling and others, this volume), the identity, origins, and significance of
which are presently under debate. The application of terrane terminology and
concepts to the east-central Alaska region, and their implications with regard to
accretionary tectonics and paleogeographic reconstruction in interior Alaska,
raises a number of fundamental questions. Among them are:
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(1) How internally consistent and distinct are the stratigraphic and
structural frameworks of the terranes previously designated for east-central
Alaska? Are there similarities as well as differences among these terranes, and
if so, how are they explained?

(2) What is the character of terrane-bounding structures? Can major suture
zones be identified in east-central Alaska? If so, how do they relate to other
major structural features known in the region, such as fold-and-thrust belt
structures or strike-slip faults?

(3) How and where did the ultramafic-bearing mafic volcanic/plutonic
sequences of east-central Alaska originate, and how were they emplaced at their
present sites?

(4) What is the significance of the granitic plutonism and metamorphic
overprint that characterize some terranes, and how distinct are the metamorphic
differences between terranes?

(5) Is terrane accretion required to explain the geologic framework of east-
central Alaska, or can reasonable paleogeographic reconstructions be made for a
non-accretionary model of geologic development, as well?

The approach taken in this chapter is first to briefly describe the geology
of representative areas within the east-central Alaska region (fig. 3), using
newly compiled geologic maps for each of the areas. The areas considered are: (A)
Charley River, (B) Livengood, (C) Ray Mountains, (D) Beaver, and (E) Coleen. Each
of these areas has undergone recent work or is critically situated with respect to
regional geologic problems and lends itself to re-evaluation in light of new
studies elsewhere in the region. Together, these five areas encompass most of the
bedrock exposed in the east-central Alaska region. Next, important topical
problems of regional or interregional significance are discussed within the
context of the areal geology as presently understood or interpreted, and the
question of terrane accretion is considered. 1In a brief concluding section, a
preferred paleogeographic and geotectonic model is suggested.

GEOLOGIC SUMMARIES OF REPRESENTATIVE AREAS

Charley River Area

As defined here, the Charley River area includes the parts of the Charley
River and northeast Eagle 1:250,000 quadrangles lying north of the Tintina fault
zone (fig. 3). Rocks of the Yukon-Tanana upland south of the Tintina zone are
discussed by Foster and others (this volume).

Previous work. Geologic observations were first made in the Charley River
region by pioneering Alaskan geologists such as Prindle (1905, 1906, 1913), Kindle
(1908), Brooks and Kindle (1908), and Cairnes (1914); but the reconnaissance
studies of Mertie (1930, 1932, 1937) laid the groundwork for subsequent geologic
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investigations in this part of east-central Alaska. For the past 20 years, the
work of Brabb and Churkin has served as the geologic standard for the Charley
River area. Current work relies largely on the distribution of rock units mapped
by Brabb and Churkin (1969) and on the stratigraphic relations worked out during
the course of their mapping (Brabb, 1967, 1969; Brabb and Churkin, 1967; Churkin
and Brabb, 1965a,b). Reconnaissance petroleum and mineral exploration during the
past 10 years has led to the realization that thrust faulting was an important
deformational mechanism in the Charley River and adjacent areas (Gardner and
others, 1984; unpublished data of British Petroleum Corporation and Louisiana Land
and Exploration Corporation), and recent work suggests that the area lies within
an extension of the northern Cordilleran fold-and-thrust belt of Canada (Dover,
1985a). Norris (1982, 1984) mapped a comparable style of folding and thrusting in
adjacent Yukon Territory.

Stratigraphic and structural framework. The most recent map compilations of
the Charley River area are those of Dover (1988) and Dover and Miyaoka (in press),
shown in simplified form in figure 4. The pattern of distribution of
stratigraphic units on the map results from the tectonic repetition of a variety
of stratigraphic sequences within a belt of folding and thrusting that extends
across the entire Charley River area. The geology of parts of the Dawson and
Ogilvie River quadrangles in adjacent Yukon Territory is compiled from Norris
(1982) on figure 4 in order to illustrate the regional continuity of stratigraphic
and structural trends.

The thrusted stratigraphic sequence in the eastern part of the Charley River
area comprises a predominantly carbonate and marine clastic succession as much as
11,000 m thick of Middle Proterozoic to Early Cretaceous age (fig. 5). Detailed
stratigraphic descriptions of the succession can be found in the reports by Brabb
and Churkin already listed, and in reports by Clough and Blodgett (1984), Young
(1982), and Laudon and others (1966). The three most prominent thrust repetitions
involve two key stratigraphic units: (1) Late Proterozoic and(or) Lower Cambrian
strata of the upper part of the Tindir Group, which includes Oldhamia-bearing
beds in two of the repeated sections and basaltic volcanics and redbeds in all
three sections, and (2) the Permian Tahkandit Limestone and Triassic limestone and
shale of the lower part of the Glenn Shale, also found in all three structurally
repeated sections. The moderate- to low-dip of the bounding thrusts can be
observed locally in bedrock exposures, but more commonly, it is interpreted from
mapped thrust traces. The older-on-younger pattern of thrust repetition required
by the map patterns for the main thrust-bounded sequences in the southeastern part
of the map is illustrated in the five structure sections shown in figure 6.
Numerous imbricate fault splays complicate the internal structure of each of the
thrust-bounded sequences, but the principal sole thrusts are indicated on both the
map and the structure sections. The structure sections are constructed from
surface geologic controls using classic fold-and-thrust belt styles and geometric
rules (see Dover, in press). However, because of limited stratigraphic control,
the sections should be considered conceptual rather than balanced.

Map patterns also demonstrate that at least some of the prominent faults in
the western Charley River area are older-on-younger thrusts. The Snowy Peak and
Threemile Creek thrusts, for example, bring late Paleozoic or older strata over
Lower Cretaceous rocks of the Kandik Group (fig. 4). However, in contrast to the
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eastern part of the Charley River area, the stratigraphic sequences involved in
thrusting in the western part are mainly clastic rocks, bedded chert, and
associated mafic igneous rocks of early, middle, and late Paleozoic, and Mesozoic
ages (fig. 5). The drastic lithologic differences between these sequences and
coeval ones in the eastern part of the Charley River area led to Jones and others
(1981) and Churkin and others (1982) designate these western sequences as separate
tectonostratigraphic terranes. Although some of these terranes are bounded by
thrust faults comparable in style and magnitude to those elsewhere in the fold-
and-thrust belt of the Charley River area, the character of the bounding
structures of the rest of these terranes is equivocal because of poor exposures.

Stratigraphic variations in the Charley River fold-and-thrust belt--Although
the stratigraphic succession involved in the eastern part of the Charley River
fold-and-thrust belt is generally the one defined by Brabb and Churkin, numerous
differences occur in the successions of various thrust plates (fig. 7) as a result
of facies variations and several major unconformities (see fig. 5 and discussion
by Dover, in press). Variations occur along strike within individual thrust
plates as well as between different thrust plates. For example, the predominant
carbonate and quartzite-argillite components of the upper part of the Tindir
Group, as well as subordinate interlayers of chert-clast conglomerate, diamictite,
redbeds, and basaltic volcanic and volcaniclastic rocks, interfinger within the
Yukon and Three Castle Mountain thrust plates (figs. 4 and 7). One example of
facies telescoped across a thrust boundary involves the Jones Ridge Limestone and
coeval but more argillaceous Ordovician to Cambrian strata across the Tatonduk
thrust. Another example is the variations in limestone and chert-clast
conglomerate components between the Permian Tahkandit Limestone and Step
Conglomerate that occur in thrust slices of the Nation River thrust system (figs.
4 and 7). Thrusting also juxtaposed sequences in which different amounts of
section are missing beneath at least four major unconformities that punctuate the
Middle Proterozoic to Lower Cretaceous succession of the eastern part of the
Charley River area (see fig. 5). The unconformities are: (1) between the upper
(Lower Cambrian and(or) Late Proterozoic) and lower (Middle Proterozoic) parts of
the Tindir Group, (2) below the Nation River Formation (Upper Devonian), (3) below
the Tahkandit Limestone and Step Conglomerate (Permian), and (4) between the upper
(Lower Cretaceous and Jurassic) and lower (Middle and Upper Triassic) parts of the
Glenn Shale. The most drastic and abrupt differences are in the amount of section
missing beneath the unconformity at the base of the Permian section, which rests
directly on upper Tindir strata in the Nation River thrust complex (figs. 4 and
7). Figure 7 represents a preliminary attempt to reconstruct facies patterns
prior to thrusting across the southeastern part of the thrust belt. Little is
known about facies variations and unconformities within the stratigraphic
sequences of the western part of the Charley River fold-and-thrust belt.

Direction and amount of tectonic transport--Most thrusts in the Charley River
quadrangle have northeast trends and underwent tectonic transport toward the
southeast, based on the trends of thrust-generated folds, regional dips, and gross
map patterns of older-on-younger stratigraphic repetition (see fig. 4). Most
major folds are upright, but a few are overturned in the direction of tectonic
transport. A few northwest-directed back-thrusts are inferred in places, and some
have been mapped by Norris (1982) in adjacent Yukon Territory. On the other hand,
thrusts in the southeast corner of the Charley River quadrangle and in the
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northeast Eagle quadrangle trend predominantly northwest-southeast parallel to
structures in the adjacent Dawson quadrangle of Yukon Territory, where the
direction of tectonic transport is toward the northeast, based on the same kinds
of map evidence mentioned above. The remarkable change of 90-110 degrees in
orientation of the Charley River fold-and-thrust belt involves direction of
transport as well as structural trend, and takes place at an abrupt "bend" around
which individual structures can be mapped continuously from one trend to the
other. The axis of the bend generally coincides with the Michigan Creek and other
major anticlines in the Charley River map area, and projects eastward into a
narrow zone separating belts of east-west and north-northeast structural trends in
adjacent Yukon Territory (fig. 4).

Modest amounts of thrust transport, generally of 5 km or less, are
interpreted for most individual thrust plates from the geometric constraints of
cross—section construction; total shortening distributed within some structural
duplexes or imbricate thrust zones may be 10 km or more. Cumulative shortening of
100 km is estimated for the segment of the Charley River fold-and-thrust belt in
the Charley River area.

Numerous listric normal faults are shown on figure 4. These faults generally
involve Lower Cretaceous rocks of the Kandik Group and Upper Cretaceous to
Tertiary rocks; in places the listric faults involve older rocks as well. The
listric faults are interpreted to splay from relatively steep-dipping segments of
thrust faults, where the thrusts are inferred to ramp upsection. As a corollary,
ramps were suspected in cross-section construction below areas of abundant listric
normal faulting (fig. 6).

Timing of fold-and-thrust belt deformation--Lower Cretaceous rocks are
involved in folding and thrusting throughout the Charley River region. There is
no positive evidence to suggest compressional deformation prior to the Albian
(Early Cretaceous) in the Charley River fold-and-thrust belt, but that possibility
cannot be eliminated. Less deformed rocks of Late Cretaceous (Maestrichtian?) to
mid-Paleocene age (unit TKs) unconformably overlap and post-date folding and
thrusting (fig. 4). In the two places where previous mapping suggested that Late
Cretaceous to Tertiary were involved in thrusting, new evidence for an Early
Cretaceous age of the deformed rocks has been found (Dover, in press; Cushing and
others, 1986). Therefore, at least the latest, and probably the main stage of
fold-and~-thrust belt development occurred after deposition of the Albian Kathul
Graywacke and correlative rocks, and before unconformable deposition of unit TKs
began in Maestrichtian? time. The same age of deformation is indicated for all
parts of the Charley River fold-and-thrust belt, regardless of structural trend
and direction of thrust transport.

Listric normal faulting involving Upper Cretaceous and Tertiary strata as
young as Eocene(?) post-dates compressional deformation.

Tintina fault zone--The Tintina fault zone cuts northwest-southeast across
the southwest corner of the Charley River area. It separates weakly to non-
metamorphosed rocks of the Charley River fold-and-thrust belt, on the north, from
igneous and metamorphic rocks of the Yukon-Tanana upland (see Foster and others,
1987, and this volume), to the south. The Tintina zone is expressed




topographically as a linear trench, which contains Upper Cretaceous to lower
Tertiary non-marine clastic sedimentary rocks and(or) Cenozoic sediments. It is a
major strike-slip zone along which significant right-lateral strike-separation
occurred prior to Late Cretaceous and younger deposition; 450 km of right-
separation is documented in southern Yukon Territory (Tempelman-Kluit, 1979;
Gordey, 1981). Although the magnitude of strike-slip that has occurred along the
part of the Tintina fault zone in the Charley River area cannot be demonstrated
locally, the Tintina zone's distinctly cross-cutting relation to the Charley River
fold-and-thrust belt is evident from map patterns. Locally in the Charley River
area, fold-and-thrust belt structures appear to be dextrally dragged as much as a
few ten's of kilometers along the Tintina zone.

Tintina trench-fill deposits are cut by an array of mainly dip-slip or
oblique~slip faults--some with substantial displacements that accompanied uplift
of the Yukon-Tanana block south of the Tintina zone. Some of these faults are
still active (Foster and others, 1983). As much as 50 km of cumulative post-
Eocene strike-separation is inferred for faults cutting Tintina trench-fill in
Yukon Territory (see Hughes and Long, 1979,) and in the Eagle quadrangle (Barker,
1986; Cushing and others, 1986), suggesting reactivation or continuation of
Tintina strike-slip motion into post-Eocene time.

Livengood area

As defined here, the Livengood area includes most of the Livengood 1:250,000
quadrangle, as well as the part of the southeast Tanana quadrangle south of the
Yukon River, and the Crazy Mountains and adjacent parts of the northern Circle
quadrangle (fig. 3). The area excludes the Yukon-Tanana upland, described by
Foster and others (this volume).

Previous work. Geologic investigations prior to 1935 in the Livengood area
by Prindle, Brooks, and Eakin, are summarized and incorporated by Mertie (1937) in
his geologic description of the Yukon-Tanana region. Much of the impetus for
those and subsequent geologic studies in the area was the discovery of gold and
the development of placer mines, many of which have operated intermittently to the
present time. Regional map compilations (1:250,000) by Chapman and others (1971,
1982) and Foster and others (1983) serve as a basis for current studies in the
Livengood area. Reports of particular interest include those by Foster (1968),
Brosge and others (1969), Davies (1972), Chapman and others (1979), Foster and
others (1982), Weber and Foster (1982), Albanese (1983), Cady and Weber (1983),
Robinson (1983), Smith (1983), Cushing and Foster (1984), Weber and others (1985),
Blodgett and others (1987), Wheeler-Crowder and others (1987), and Weber and
others (1988).

Stratigraphic and structural framework. The degree of structural
segmentation of the Livengood area and the complexity of its disrupted
stratigraphy are clear from published geologic maps of the area, and are inherent
in its subdivision into numerous tectonostratigraphic (lithotectonic) terranes by
Churkin and others (1982), Silberling and Jones (1984), and Silberling and others
(this volume). However, the actual character and regional significance of this
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geologic framework are not as obvious. In this summary, the geology of this
critically situated area is updated in light of new data and work in progress.

Stratigraphic belts and terranes--The Livengood area contains eleven distinct
stratigraphic belts** that are separated structurally from one another (fig. 8).
The bounding structures of the belts are either strike-slip faults or thrust
faults, but which of these types of fault is represented by individual structural
boundaries has been in question. The geologic map of figure 8 shows my preferred
structural interpretation of the Livengood area. This interpretation differs in
some important details from previously published map interpretations, reflecting
the uncertainty of some field relations. However, there is general agreement on
the character of the fault-bounded stratigraphic belts (fig. 9).

(1) The Wickersham stratigraphic belt, called the Wickersham terrane by
Silberling and Jones (1984) and the Beaver terrane by Churkin and others (1982),
is the southeasternmost and structurally highest of the stratigraphic belts. It
consists of the informally named Wickersham grit unit of Late Proterozoic and
Early Cambrian age (Weber and others, 1985). The Wickersham grit unit is
subdivided by Chapman and others (1971) into a lower part of rhythmically
interbedded grit, bimodal quartzite, slaty argillite, and subordinate chert and
maroon and green slate, and an upper part of slaty argillite, maroon and green
slate, quartzite, black limestone containing floating quartz grains, chert, and
subordinate grit. The grit unit is overthrust from the southeast by greenschist
facies metamorphic rocks of the Yukon-Tanana upland, thought by Weber and others
(1985) to be only modestly telescoped and slightly higher grade equivalents of the
grit unit.

(2) The White Mountains stratigraphic belt, called the White Mountains
terrane by Silberling and Jones (1984) and Churkin and others (1982), is
characterized by the Fossil Creek Volcanics (Ordovician) and the disconformably
overlying Tolovana Limestone (Silurian). The Fossil Creek Volcanics is
agglomeratic and has an alkalic basaltic composition. Recent mapping shows that
(1) the sedimentary and volcanic divisions of the Fossil Creek recognized by
Chapman and others (1971) are interfingering lateral facies rather than vertically
stacked units, and (2) the Fossil Creek Volcanics were deposited on a basement of
upper Wickersham grit unit that is identical in all respects to the grit unit in
the Wickersham belt. Moreover, pebbles and cobbles of gritty quartzite resembling
the Wickersham grit unit occur in the agglomeratic volcanic part of the Fossil
Creek, indicating a nearby source of Wickersham rocks in Ordovician time. The
character and distribution of Fossil Creek lithologies and their basaltic

** The term "stratigraphic belt" is used here to denote a typically elongate belt
of rocks having characteristic stratigraphy or lithologic content that differs in
some way from that of adjacent belts. This term is used in order to avoid any
genetic connotation of "suspect" or accretionary origin that may be associated
with the terms "tectonostratigraphic terrane" and "lithotectonic terrane", either
by intent or by implication of common usage (for example, see usage in Silberling
and Jones, 1984, p. A-2; and AGI Glossary, Bates and Jackson, 1987).
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composition suggest a local volcanic center within an intracontinental
depositional basin with locally steep, perhaps fault-controlled topography. From
these lithologic relations and from map evidence for structural overturning and
discordance, the boundary between the White Mountains and Wickersham/Beaver
terranes is interpreted to be a thrusted unconformity of relatively small
displacement.

Locally, chert- and quartzite-clast conglomerate and associated clastic rocks
unconformably overlie the Fossil Creek~Tolovana section. The conglomerate is
undated but is lithologically similar to that in the Nation River Formation
(Devonian) and the Step Conglomerate (Permian) of the Charley River area.

Also included here in the White Mountains stratigraphic belt, but detached
from the Fossil Creek-Tolovana section by another thrust fault, is a distinctive
unit of gray, commonly bimodal, vitreous quartzite referred to as the Globe unit
by Weber and others (1985). The Globe unit typically contains sheared argillite
interbeds and abundant sills of hornblende-bearing quartz diorite or quartz
gabbro. The age of this quartzite is unknown, and so far, the mafic intrusive
rocks have proved too altered to date. However, the vitreous and bimodal
character of the Globe unit, and its association with mafic sills, serve to
distinguish it from other quartzites of the Livengood area. The Globe unit at the
base of the White Mountains belt is in steep- to moderate-angle thrust contact on
the Beaver Creek stratigraphic belt to the north.

(3) The Beaver Creek stratigraphic belt corresponds to the Manley terrane of
Silberling and Jones (1984) and part of the Kandik terrane of Churkin and others
(1982) . The Beaver Creek belt contains mainly flyschoid rocks and chert-rich,
locally derived polymictic conglomerate. There are three distinct flysch
sequences in the Beaver Creek belt. The Vrain unit of Foster and others (1983)
occurs in the eastern part of the belt, the Wilber Creek unit of Weber and others
(1985) has been mapped mainly in the central and western parts of the belt, and
the Cascaden Ridge unit of Weber and others (1985) occurs in the central part of
the belt along its north edge.

The Vrain unit, which is undated, consists mainly of carbonaceous, commonly
iron-stained, rhythmically interlayered fine-grained to gritty clastic rocks, as
well as tuff, and a prominent unit of typically stretched chert- and quartzite-
pebble conglomerate. Minor amounts of chert and basalt also occur in rocks
questionably assigned to the Vrain.

The Middle Devonian (Eifelian) Cascaden Ridge unit consists mainly of
turbiditic shale, quartzite, and conglomerate. It has a locally developed basal
conglomerate containing up to cobble- or boulder-sized clasts of mafic/ultramafic
rocks, chert, dolomite, shale, and other locally occurring rock types (Weber and
others, 1985). The similarity of some characteristic lithic components of the
Cascaden Ridge and Vrain units, and their comparable stratigraphic position
between the Wilber Creek unit and a persistent mafic/ultramafic band at the top of
the underlying Livengood stratigraphic belt, raises the possibility that the
Cascaden Ridge and Vrain units may be correlative, at least in part.
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The Wilber Creek unit is Late Jurassic and Early Cretaceous in age, and
contains shale, graywacke, quartzite, and polymictic conglomerate. It probably
lies unconformably on both the Vrain and Cascaden Ridge units, but its basal
contact is poorly constrained and questionably located on figure 8 because of the
difficulty in distinguishing between these three flysch units.

Polymictic conglomerates tentatively assigned to the Cascaden Ridge, Vrain,
and Wilber Creek units of the Beaver Creek stratigraphic belt contain locally
derived chert, argillite, quartzite, carbonate, mafic volcanic, and low-grade
metamorphic clasts, and flat shale chips, as well as quartz, plagioclase,
muscovite, chlorite, epidote, and opaque grains. All of these constituents are
present in the various rock sequences of the Livengood area, suggesting that these
polymictic conglomerates were derived from local sources as early as Middle
Devonian time. All three of the flysch units appear to be in faulted or faulted
unconformable contact on the Livengood stratigraphic belt to the north.

Some of the clastic rocks formerly mapped as Wilber Creek unit in the
Serpentine Ridge and Manley areas of the southeastern Tanana quadrangle (labeled
SR and M, respectively, on figure 8) are inferred here to be pre-Cretaceous based
on lithologic associations and degree of induration.

An undated sequence of dark-gray calcareous shale, silty limestone, and
subordinate quartzite, tentatively correlated with the lithologically similar
lower part of the Glenn Shale (Triassic) in the Charley River area, also occurs
locally in the Beaver Creek stratigraphic belt.

(4) The Livengood stratigraphic belt generally corresponds with the Livengood
terrane of Silberling and Jones (1984) and Churkin and others (1982). The
Livengood belt is characterized by the Livengood Dome Chert (Ordovician), which in
its type area consists mainly of intensely deformed black to varicolored chert and
subordinate interbeds of graptolitic shale, tuffaceous rocks, and limestone. In
some places, mafic sills or basalt interbeds occur in the Livengood Dome Chert.
The Livengood Dome Chert could be a less volcanic facies of the Ordovician Fossil
Creek Volcanics, which contains dark chert interbeds in the White Mountains
stratigraphic belt.

Many questions have arisen about the stratigraphic and structural relations
of the Livengood Dome Chert with other units of the Livengood stratigraphic belt,
because most of the units are poorly dated and contacts are seldom exposed.
Uncertain identification of two key units is especially critical to map
interpretation in the central and eastern parts of the Livengood belt. The two
units are a distinctive dolomite, called the Amy Creek unit (Weber and others,
1985), and a clastic unit characterized by chert-pebble conglomerate (mapped as Za
and Dc, respectively, on figure 8).

The Amy Creek unit is a silicified, locally stromatolitic dolostone formed
largely by dolomitization of pelletoidal lime mud. It contains thick black chert
interbeds and lesser amounts of argillite, basalt, and volcaniclastic rocks. The
Devonian to Silurian age originally assigned to the Amy Creek unit was based on
fossils in a thin, presumably correlative limestone bed at a fossil locality on
Lost Creek (locality A, fig. 8). However, that correlation is now discounted, and



the Amy Creek unit is currently undated (Robert Blodgett, oral commun., 1987).
Based on its lithologic and petrologic character, and on its lack of fossils, the
Amy Creek unit more closely resembles Late Proterozoic dolomites of the east-
central Alaska region and Yukon Territory than a middle Paleozoic carbonate. A
Late Proterozoic age is therefore tentatively adopted for the Amy Creek unit in
this report for map and interpretive stratigraphic purposes. The fossiliferous
Lost Creek beds are now designated as a separate unit of Late Silurian age,
informally named the limestone of Lost Creek (see figures 8 and 9), that lies
stratigraphically between the Livengood Dome Chert and a unit of chert-pebble
conglomerate (Blodgett and others, 1988).

Chert-pebble conglomerate commonly occurs as isolated exposures between
outcrops of the Livengood Dome Chert and maroon and green slate characteristic of
the upper part of the Wickersham grit unit. At locality B, north of Livengood
Dome (fig. 8), where the conglomerate contains flat argillite chips and has an
amorphous siliceous matrix, it has been interpreted as a basal conglomerate of the
Livengood Dome Chert (Weber and others, 1985). At locality C (fig. 8), chert-
pebble conglomerate occupies a similar position between the Livengood Dome Chert
and the maroon and green slate unit, but here the conglomerate also contains
granular dolomite clasts, is associated with black argillite, graywacke, and other
clastic rocks, and has a mylonitic quartz-chert arenite matrix. In the character
of its matrix and associated rocks, this conglomerate more closely resembles
conglomerates assigned to middle Paleozoic or younger clastic sequences in the
Beaver Creek stratigraphic belt. The tentative interpretation, shown on figure 8,
is that the chert-pebble conglomerate at localities B and C is part of a Devonian
clastic sequence lying in angular unconformity on the upper Wickersham grit unit
and overthrust by the Livengood Dome Chert.

East of locality C, the same conglomerate appears to lie in low-angle
unconformity across a contact between maroon and green slate assigned to the upper
part of the Wickersham grit unit, and a heterogeneous overlying unit of chert,
siliceous argillite, greenstone, agglomeratic basalt, dolomite, dolomite-boulder
conglomerate, siltite, quartzite, grit, and felsic volcanics?, all injected by
abundant, thick mafic sills. The sills range from quartz-bearing diorite and
gabbro to sparse serpentinized cumulate ultramafic rocks thought to be
differentiates of the sills.

The mafic and ultramafic rocks of the heterogeneous unit are similar in
composition and petrologic character to those in a persistent but discontinuous
northeast-trending band that marks the structural top of the Livengood
stratigraphic belt. The rocks within this band include gabbro and diorite
interlayered with serpentinized peridotite and dunite. K-Ar hornblende ages on
three diorite or gabbro samples from this band near Amy Dome give Cambrian to Late
Proterozoic ages ranging from 518.3+15.5 to 633+19 Ma (D.L. Turner, unpublished
data). Modeling of gravity and magnetic data across the mafic/ultramafic band
confirms its layered character and the southward-decreasing dip of its structural
base (Cady and Morin, in press). The origin of these rocks is uncertain, but they
are tentatively interpreted as a differentiated Cambrian or Precambrian sill
complex by Cady and Morin (in press). Based on their lithologic associations and
the petrologic similarties of their mafic and ultramafic components, the
heterogeneous unit, the Amy Creek unit, and the mafic/ultramafic band of the



Livengood stratigraphic belt may all represent thrust segments of a
volcanic/plutonic center correlative with the upper part of the Tindir Group in
the Charley River area, and the Mount Harper Volcanic complex in the Dawson area
of Yukon Territory.

(5) The Schwatka stratigraphic belt is separated from the Livengood belt by
the Victoria Creek strike-slip fault. The Schwatka belt has been included in the
Wickersham and White Mountains terranes by Silberling and Jones (1984), and in the
corresponding Beaver and White Mountains terranes by Churkin and others (1982).
Oldhamia-bearing Wickersham grit unit forms the basement of the Schwatka
stratigraphic belt, but recent work indicates that overlying clastic, volcanic,
and carbonate rocks differ from those of the White Mountains stratigraphic belt.
Fossiliferous Lower Devonian (Emsian) and(or) Middle Devonian (Eifelian) limestone
in the Schwatka belt is distinctly younger than the Silurian Tolovana Limestone of
the White Mountains, with which it was formerly correlated (Weber and others,
1988). 1If some of the limestone of the Schwatka belt is interbedded with the
underlying unit of agglomeratic mafic volcanics, chert, and clastic rocks, as
preliminary interpretation of recent mapping suggests, then at least part of the
volcanic-bearing sequence may be as young as Early or Middle Devonian. If so,
these volcanic rocks would be at least partly correlative with the Woodchopper
Volcanics of the Charley River area, rather than with the Fossil Creek Volcanics
of the White Mountains. This interpretation supports that originally made by
Mertie (1937).

(6) The Crazy Mountains belt is separated from the rest of the Livengood area
by strike-slip faults. Most of the rocks in the East and West Crazy Mountains are
included in the Crazy Mountains terrane of Silberling and Jones (1984) and Churkin
and others (1982). The upper part of the Wickersham grit unit forms the basement
of the Crazy Mountains belt, where maroon and green slate, grit, and black
limestone containing floating quartz grains are distinctive lithic components, and
the section contains Oldhamia. Lithologies in the structurally? overlying
sequence of chert, clastic rocks, mafic igneous rocks, and fossiliferous Lower
Devonian limestone resemble those in the Schwatka stratigraphic belt. Overlying
chert-pebble conglomerate is indistinguishable from middle to upper Paleozoic
conglomerates in the White Mountains, Beaver Creek, and Livengood stratigraphic
belts, and in the Charley River area.

(7) The Preacher block of Foster and others (1983) is bounded by splays of
the Tintina strike-slip fault system. It contains thrust imbrications of
lithologic components found mainly in the Livengood stratigraphic belt south of
the Victoria Creek fault, including rocks of the upper part of the Wickersham grit
unit, and probable correlatives of the Amy Creek dolomite unit and the
heterogeneous mafic-bearing sequence.

Three additional terranes of small size are defined by Silberling and Jones
(1984) at the west end of the Livengood area.

(8) The Minook terrane of Silberling and Jones (1984) contains upper
Paleozoic flysch and chert-pebble conglomerate and grit, lithologies resembling
those in the Beaver Creek stratigraphic belt.



(9) The Baldry terrane has been described as a "structurally complex and
polymetamorphosed assemblage of radiolarian chert, marble, greenschist, and mica
schist" derived from probable lower to middle Paleozoic protoliths (Silberling and
Jones, 1984). Although the metamorphic rocks of the Baldry terrane were tightly
folded, thrusted, and sheared under low-grade ductile conditions, suitable
protoliths occur in the White Mountains, Livengood, and Schwatka stratigraphic
belts. Metamorphic recrystallization and ductile deformation in the Baldry
terrane could be interpreted as a deeper crustal or higher temperature
manifestation of the more brittle style of imbricate thrusting that characterizes
the likely protoliths.

(10) The Ruby terrane of Silberling and Jones (1984) also contains
metamorphic rocks, but generally of higher grade than those in the Baldry terrane.
The principal units are staurolite- and garnet-mica schist and marble. The rocks
of the Ruby terrane are described more fully in the section on the Ray Mountains
area, to follow. However, by analogy with similar rocks in the Ray Mountains
area, where metamorphic facies gradations are abrupt and related to granitic
intrusives, the rocks of the Ruby terrane are tentatively interpreted as locally
higher grade recrystallized equivalents of protoliths similar to those inferred
for the Baldry terrane.

(11) The Tozitna stratigraphic belt, found along the north margin of the
Livengood area, is included in the Tozitna terrane of Silberling and Jones (1984)
and the Tozitna/Circle terranes of Churkin and others (1982). The Tozitna belt
contains the Rampart Group (Brosge and others, 1969) as well as voluminous mafic
intrusive rocks and subordinate basaltic volcanics. The Rampart Group consists of
intercalated chert, siliceous argillite, tuffaceous and volcaniclastic rocks,
siltstone, sandstone, quartzite, and minor limestone. The mafic rocks, which may
constitute 75 percent or more of the Tozitna belt, are dominantly diabase and
gabbro, but range from diorite to basalt and pillow basalt. Cumulate ultramafic
layers and lenses formed locally, most likely in differentiated sills. The gabbro
has a K-Ar hornblende age of 210+6 Ma (Triassic) according to Patton and others
(1977). Cherts yield Late Mississippian, Pennsylvanian, and Triassic radiolarians
(Foster and others, 1983; Jones and others, 1984), and a limestone bed near
Rampart contains Permian fossils (Brosg@ and others, 1969). The basal contact
between the Tozitna belt and various underlying sequences, including those of the
Schwatka and Crazy Mountains stratigraphic belts and the Ruby terrane, is
interpreted to be a structural detachment. The content and contact relations of
the Tozitna stratigraphic belt are considered further in the summary of the Ray
Mountains area to follow.

Granitic intrusive rocks--Granitic plutons of mid-Cretaceous and Early
Tertiary age occur in the Livengood area. The oldest dated plutons have mid-
Cretaceous K-Ar biotite and Pb-a zircon ages of about 90 Ma (Chapman and others,
1971, 1982). Two of these are the Roughtop and Sawtooth Mountain plutons, near
the north edge of the Beaver Creek stratigraphic belt in the western part of the
Livengood area. A third is a small syenitic plug that is enriched in thorium and
rare earth elements and occurs within the Wickersham stratigraphic belt. All
other dated plutons in the Livengood area give early Tertiary K-Ar biotite ages
between 55 and 65 Ma (Chapman and others, 1971, 1982; Foster and others, 1983).
Three of the early Tertiary plutons--the Manley Hot Springs Dome, Tolovana Hot




22

Springs Dome, and Victoria Mountains plutons, intrude flyschoid rocks of the
Beaver Creek stratigraphic belt. The two largest of the early Tertiary plutons--
the Cache Mountain and Lime Peak plutons, are emplaced in grit of the Wickersham
stratigraphic belt. The granitic plutons of the Livengood area are discussed in
more detail by Weber and others (1988, p. 30-35) and by Burns and others (1987).

Structure--The keys to recognizing demonstrable strike-slip faults in the
Livengood area are (1) their curvilinear topographic expression and continuity
across diverse geologic belts, and (2) the width, intensity, and character of
shearing of the fault zones. Two principal strike-slip faults are identified in
the Livengood quadrangle--the Victoria Creek and Tozitna faults. These are the
two main splays of the Tintina fault zone, which enters the Livengood area from
the east. The Victoria Creek fault connects westward with the Kaltag fault of the
Tanana quadrangle.

Exposures of strike-slip zones are rare because their sheared rocks are weak,
easily eroded, and form linear topographic trenches containing valley £fill
materials. However, the Victoria Creek fault zone is well-exposed along the lower
reaches of Victoria Creek. Here, the main part of the fault zone is 1 to 1.5 km
wide and contains disconnected tectonic lenses within an intensely and pervasively
sheared, mylonitic matrix. Tectonic lenses range from nearly microscopic in size
to blocks hundreds of meters long. Axes of crenulations and small folds vary but
are usually steep to vertical; slickensides generally plunge at low angles. The
continuity and linearity of the Victoria Creek strike-slip fault zone, and its
low-angle truncation of fold-and-thrust trends, demonstrate its steep dip and
post-thrusting age. Except for possible dextral drag of some pre-existing
thrusts, there is no direct evidence in the Livengood area alone for the sense and
magnitude of slip on the Victoria Creek fault zone, but its character, its
mappable continuity with both the Tintina and Kaltag faults, and its alinement
between them, mark the Victoria Creek fault as a fundamental link in a Tintina-
Victoria Creek-Kaltag right-lateral strike-slip fault system.

The Tozitna fault zone, located along the north edge of the Livengood area,
is not exposed in the Livengood area, but its physiographic expression and
curvilinear trace indicate that it is a splay of the Tintina system. About 55 km
of right-separation is estimated for the Tozitna fault from the offset of the
basal contact of the Tozitna stratigraphic belt from point D to D' on figure 8.
The basal Tozitna contact also appears to be offset right-laterally 10 km or less
between the East and West Crazy Mountains (locality E, figure 8), and between the
East Crazy Mountains and the western Charley River area, possibly indicating two
additional but minor splays of the Tintina fault system.

In contrast with the strike-slip zones, thrust contacts are relatively narrow
and sharply defined, typically are stratigraphically controlled, are associated
with large-scale low-plunging folds, are not expressed by a topographic trench,
and form systems of splaying individual thrusts, each of relatively limited extent
and displacement. Most thrust faults are also poorly exposed, but they can be
clearly identified in most places by stratigraphic truncations and older-on-
younger stratigraphic repetition.



In most of the Livengood area south of the Victoria Creek fault, older-on-
younger thrust relations, the mapped traces of thrust faults, rare overturned
folds, and geophysical modeling (Cady and Morin, in press; Long and Miyaoka, in
press) all indicate that the major northeast-trending thrusts dip to the southeast
and had transport directions toward the northwest (fig. 8). Based on preliminary
resistivity cross-sections by Long and Miyaoka (in press), the White Mountains
stratigraphic belt was thrust about 10 km across the Beaver Creek belt along the
largest of these thrusts, here named the Beaver Creek thrust (fig. 8). Numerous
northwest-directed older-on-younger thrusts also imbricate the Wickersham, White
Mountains, and Livengood stratigraphic belts. Preliminary interpretation of
geologic sections (Dover, 1988, Pl., II-B) suggests most of these thrusts have
small displacements of a few kilometers or less.

Near the west edge of the Livengood quadrangle, thrust trends wrap nearly 180
degrees around a major west-plunging anticline or anticlinal duplex, so that
north- to northeast-trending thrusts in the western part of the Livengood area dip
northwest and have southeast-directed movement (fig. 8). This "bend" is analogous
in character to that of the Charley River area. All major thrusts in the
Schwatka, Crazy Mountains, and Tozitna stratigraphic belts north of the Tintina-
Victoria Creek-Kaltag fault, also have southeastward-directed transport, including
some with younger-on-older displacements that are interpreted as detached and
thrusted stratigraphic contacts.

Structural timing--Dateable thrusting in the Livengood area involves rocks of
the Wilber Creek unit as young as Early Cretaceous, and pre-dates strike-slip
movement on the Victoria Creek and Tozitna faults. At one locality (labeled F on
figure 8), dolomite tentatively assigned to the Amy Creek unit is interpreted by
Weber and others (1988) as having been thrust over the Victoria Creek fault, but
this seems unlikely because the topographic trench representing the Victoria Creek
zone appears to persist unbroken across and therefore post-date the alleged
thrust. Pre-Cretaceous thrusting is possible but cannot be demonstrated.

Local evidence for the time of the principal strike-slip movement on the
Tintina fault and its major splays in the Livengood area is that it cuts obliquely
across and therefore post-dates fold and thrust trends involving Wilber Creek
rocks as young as Early Cretaceous, and its principal movement pre-dates the
deposition of poorly dated Tertiary(?) rocks. The idea that an earlier phase of
major strike-slip and accompanying graben formation along an ancestral Tintina
system controlled Jurassic to Lower Cretaceous (and possibly older) Wilber Creek
deposition in the Beaver Creek stratigraphic belt (Weber (written communs., 1987)
is incompatible with the regional distribution of lithologically equivalent rocks.
All the rocks of the Beaver Creek belt appear to have lateral equivalents within
regionally developed thrust-telescoped sequences of the Charley River and Dawson
areas that are cut by the Tintina fault and extend far beyond the limits of the
fault zone. The Wilber Creek unit, in particular, is correlated by Weber and
others (1988, p. 36) with the Kathul Graywacke of the Kandik Group in the Charley
River area. This unit represents a foreland basin sequence traceable into the
foothills of the Brooks Range (Young, 1973), rather than a locally developed
strike-slip graben deposit. Tertiary reactivation of the Tintina zone is
indicated by numerous faults whose dip-slip components of movement are obvious,
but which may have lateral-slip components as well. As much as 50 km of late
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Tertiary or Quaternary right-slip is postulated by Barker (1986) on the basis of
geomorphic evidence. Modern fault scarps south of the Crazy Mountains (Foster and
others, 1983) indicate that the Tintina fault zone is still active.

Although Tintina fault movement was of a magnitude and scale capable of
affecting pre-existing structures in adjacent wallrocks, such effects in the east-
central Alaska region appear to have been relatively minor readjustments, such as
the drag of pre-Tintina thrust faults recognized in the Charley River area, or
possibly the tightening up of compressional structures--a process that would
require closer control on the timing of thrust movements to demonstrate than is
currently available. In this region at least, the interpretation most in accord
with observed geologic relations is that Cordilleran fold-and-thrust belt
development and Tintina strike-slip are unrelated events separated in time.

The Livengood area as a segment of the Charley River fold-and-thrust belt
displaced by the Victoria Creek-Kaltag and Tozitna splays of the Tintina fault
system. Right-lateral displacement on the east-central Alaskan segment of the
main Tintina fault system was estimated by Chapman and others (1985) to be 160 to
180 km,, based on: (1) estimates of displacement along the Kaltag fault farther
west, assuming a Kaltag-Tintina connection, and (2) estimated offset between the
Lower Cretaceous Kandik Group in the Charley River area and presumably correlative
flyschoid rocks at the east end of the Beaver Creek stratigraphic belt in the
Livengood area. This estimate differs considerably from the 450 km of right-
separation documented for the Tintina system in central Yukon Territory by
Tempelman-Kluit (1979) and Gordey (198l1). One possible explanation for this
discrepancy is transpression, whereby the 270 km of excess Canadian strike-slip
motion was absorbed in the Livengood area by compressive thrusting on splays that
bend or horsetail southwestward from the main Tintina fault zone at the leading
edge of the northwestward driving upland. However, the geology of the Livengood
and adjacent areas does not support a transpressive model because:

(1) The assumptions on which previous estimates of Tintina movement in east-
central Alaska are based are invalid. Although a Kaltag-Tintina connection has
been tracked through the Livengood area via the Victoria Creek fault by current
mapping, other major faults with possibly large lateral components of movement by
which Tintina strike-slip could have been distributed and dissipated (Dover,
1985b) have now been recognized in southwest Alaska (Patton and Moll, 1982). Thus
the discrepancy in amount of movement that the transpressive model was invoked to
explain is in doubt.

(2) As presently mapped, the polymictic conglomerate-bearing Wilber Creek
unit does not reach the easternmost end of the Beaver Creek stratigraphic belt,
which has generally been restored against the Kandik basin sequence of the Charley
River area in Tintina reconstructions used in support of the 180 km estimate of
separation (Chapman and others, 1985). Even if it did, the conglomeratic rocks of
the Beaver Creek belt do not match well with the Biederman Argillite and Keenan
Quartzite, which are the units of the lower Kandik Group exposed on the north side
of the Tintina zone in the Charley River area. However, a section of folded and
thrusted argillite and thick Keenan-like quartzite remarkably similar to that in
the Kandik Group does characterize the western part of the Wilber Creek belt in
the westernmost Livengood quadrangle, and the displacement required to juxtapose
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these western Livengood units with their lithologic counterparts in the Charley
River area is about 400 km.

(3) Thrust faulting in the Livengood area appears to be comparable in style
and magnitude, and involves some similar stratigraphic sequences as that in the
Charley River fold-and-thrust belt, which predates and is clearly cut by the
Tintina fault system. Even if all the thrusts were transpressional, the amount of
shortening they could accomodate would be at most only a small fraction of the
alleged 270 km discrepancy between previous estimates of Tintina fault
displacement in central Yukon Territory and east-central Alaska. Nor is crustal
thickening by brittle thrusting or ductile processes in the Yukon-Tanana upland
(Foster and others, 1987, and this volume) known to be of appropriate Late
Cretaceous to early Tertiary age and of sufficient magnitude to account for such
drastic crustal shortening during Tintina time.

The main alternative to transpression is that Tintina fault displacement in
east-central Alaska was comparable to that in Yukon Territory (Dover, 1985b). The
concept of comparable displacement is supported by the remarkable similarity
between the stratigraphic belts of the Livengood area and those of the Dawson area
of west-central Yukon Territory, areas now separated by nearly 400 km, whose
possible connection was recognized by Tempelman-Kluit (1971, 1984). 1In the
southeast Dawson quadrangle, northeast-trending, northwestward-moving, thrust-
bounded rock sequences described by Green (1972) and Thompson and Roots (1982) are
truncated at a high angle by the Tintina fault zone (fig. 10). These sequences,
from structurally highest (on the southeast) to lowest (on the northwest), and
their suggested Livengood area equivalents, are:

(a) A belt of internally deformed and weakly metamorphosed Late Proterozoic
to Lower Cambrian grit, maroon and green slate, and minor black limestone,
overlain by gabbro-bearing Ordovician and Silurian Road River Formation.
Corresponding rocks of the Livengood area are the Wickersham grit unit and the
Fossil Creek Volcanics in the Wickersham and White Mountains stratigraphic belts.

(b) Strongly folded and imbricately thrusted Keno Hill quartzite of late
Paleozoic age and associated gabbro (R. I. Thompson, written communication, 1986).
Corresponding rocks of the Livengood area are the undated but petrologically
similar Globe quartzite and gabbro unit in the White Mountains stratigraphic belt.

(c) Carbonaceous phyllitic argillite, slate, and quartzite of a "lower
schist™ unit to which a Jurassic age was assigned by Green (1972), but which in
the area remapped by Thompson and Roots (1982) contains at least some chert-
pebble-rich polymictic conglomerate resembling that in the Lower Mississippian and
Devonian Earn Group. Corresponding rocks of the Livengood area are the Vrain unit
in the Beaver Creek stratigraphic belt. Also, a discontinuous band of Triassic
limestone and limy shale underlying the "lower schist unit"™ of the Dawson
corresponds to locally occurring but undated calcareous rocks tentatively assigned
to the lower part of the Glenn Shale (Triassic) in the Beaver Creek belt.

(d) Chert-rich and tuffaceous? rocks in a second belt of the Ordovician and
Silurian Road River Formation, which here is locally deposited on mafic sills.
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The corresponding unit of the Livengood area is the Livengood Dome Chert in the
Livengood stratigraphic belt.

{(e) A heterogeneous, Late Proterozoic to Lower Cambrian unit of chert,
clastic rocks, minor limestone, and abundant mafic intrusive and extrusive
material marking local volcanic centers. Corresponding rocks of the Livengood
area comprise the heterogeneous unit in the Livengood stratigraphic belt; and

(f) Late Proterozoic maroon and green slate, grit, and minor limestone,
similar to that in (a). Corresponding rocks of the Livengood area comprise the
Wickersham grit unit which underlies the heterogeneous unit in the Livengood
stratigraphic belt.

Predictably for a fold-and-thrust belt involving abrupt facies transitions,
there are some important lithologic variations among the structural plates
correlated between the Livengood and Dawson area, especially in the relative
abundances of lithic components. Furthermore, the Amy Creek unit of the Livengood
stratigraphic belt (e) has no presently known counterpart in its corresponding
sequence of the Dawson area. However, similar carbonates are common in the
underlying structural plate at Dawson, below the Dawson thrust (Thompson and
Roots, 1982). Considering the variability of stratigraphic details within the
thrust belt, the remarkably high degree of correspondence of distinctive
lithologic units and associations within individual thrust-bounded sequences
between the two areas, as well as similarities in structural style and vergence,
and in the distribution of low-grade metamorphic effects, all provide strong
evidence that the two areas were directly connected before Tintina strike-slip
fault movement. I therefore interpret the eastern Livengood area to be a segment
of the northern Cordilleran fold-and-thrust belt displaced by the Tintina fault
zone from the Dawson and Charley River areas.

Restoring the easternmost Livengood area to an original position opposite the
Dawson area has two important consequences for correlations between the Livengood
and Charley River areas. First, the Wilbur Creek unit at the west end of the
Beaver Creek stratigraphic belt, rather than that at the east end, is alined with
the Kandik basin (figs. 8 and 10). This alignment produces a far more
satisfactory connection between the lower units of the Kandik Group cut-off by the
Tintina fault in the Charley River area, and the part of the Wilber Creek unit
containing a prominent Keenan-like quartzite unit. Second, the "bend” separating
northwest- and southeast-directed thrusts in the Livengood area is alined with the
axis along which thrust trends and transport directions change in the same way in
the Charley River area (fig. 10).

Ray Mountains area

The Ray Mountains area, as defined here, includes the Ray Mountains proper,
in the north half of the Tanana and southernmost part of the adjacent Bettles
1:250,000 quadrangles, and also the area between the Tozitna and Yukon Rivers in
the south half of the Tanana quadrangle (fig. 3). The area spans the Kokrines-
Hodzana upland (also known as the Ruby geanticline), from the Koyukuk basin on the
northwest (Patton and others, in press) to the Yukon Flats basin. It is separated
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from the Livengood area on the southeast by the Kaltag-Victoria Creek splay of the
Tintina fault system (figs. 1 and 2).

Previous work. A brief reconnaissance study by Eakin (1916) covers part of
the area considered here, but attention was first focused on the Ray Mountains
area in a report by Patton and Miller (1970) on the Kanuti ultramafic belt.
Preliminary geologic maps at a scale of 1:250,000 of the Bettles (Patton and
Miller, 1973), Melozitna (Patton and others, 1978), and Tanana (Chapman and
others, 1982) quadrangles now cover the entire Ray Mountains area, and a few
preliminary topical reports related to that mapping or earlier work are also
available. The most applicable of these to the Ray Mountains area deal with the
Kaltag fault (Patton and Hoare, 1968), the age of the Rampart Group (Brosgé and
others, 1969), and mapping at Sithylemenkat Lake (Herreid, 1969). The main
impetus for more recent and on-going work in the Ray Mountains area was a
multidisciplinary study along a transect across the Yukon-Koyukuk basin, from its
southeast borderland in the Ray Mountains, to the south flank of the Brooks Range.
Of the many short topical reports and abstracts generated so far by the Yukon-
Koyukuk transect, mostly published since 1985, those of Dover and Miyaoka
(1985a,b,c) in the Ray Mountains area are emphasized in this review, and others
are cited where relevant.

Geologic Framework. Dover and Miyaoka (1985a) separated the Ray Mountains
segment of the Kokrines-Hodzana upland into three diverse and complex rock
packages, and a fourth package is designated here. These are informally named (1)
the metamorphic suite of the Ray Mountains, in the central part of the range; (2)
the Kanuti assemblage, on the northwest; (3) the Rampart assemblage, on the
southeast; and (4) the Devonian metaclastic sequence separating packages 1 and 3
(figs. 11 amd 12). The metamorphic suite of the Ray Mountains is part of the Ruby
terrane of Silberling and Jones (1984), and the structurally flanking Kanuti and
Rampart assemblages correspond to their Angayucham and Tozitna terranes,
respectively. The mid-Cretaceous Ray Mountains granitic batholith was intruded
mainly into the metamorphic suite, but it locally cuts all of the other
assemblages. The map distribution of these major units is shown on figure 12,

Metamorphic suite of the Ray Mountains--Five informal units comprise the Ray
Mountains metamorphic suite. The structurally lowest two (units 1 and 2) may be
autochthonous; the other three (units 3 to 5) are more structurally complex and
are probably parautochthonous or possibly allochthonous.

Unit 1 is feldspathic quartzite containing 70 to 85 percent quartz, 10 to 20
percent intermediate plagioclase, and 2 to 10 percent mica. Most samples also
contain a few percent of untwinned K-feldspar, and many have as much as 5 percent
garnet and(or) cordierite. The protolith was a slightly argillaceous,
feldspathic, quartz-rich sediment of continental derivation but uncertain age.

Unit 2 is a mineralogically and texturally distinctive augen orthogneiss
containing augen of igneous plagioclase, granulated quartz and plagioclase, or
poikilitic simply twinned K-feldspar, in a cataclastic matrix of quartz, feldspar,
and synkinematic micas. The augen orthogneiss has a Devonian U-Pb zircon age of
390+12 Ma (Patton and others, 1987). Similar augen orthogneiss yields Middle
Devonian to Early Mississippian Rb-Sr whole-rock and U-Pb zircon ages elsewhere in
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the metamorphic borderlands of the Yukon-Koyukuk basin (Dillon and others, 1979,
1980, and 1985). The protolith of the augen orthogneiss was granitic igneous rock
that was probably intruded into the other four units.

Unit 3 is the most widely distributed and variable of the metamorphic units
and consists mainly of pelitic to quartzitic schist. Subordinate interlayers are
micaceous quartzofeldspathic schist, calc-schist or calc-silicate gneiss,
amphibolitic schist, quartzite, marble, phyllonite, and, at one locality, meta-
conglomerate containing metabasite clasts as large as cobble size. Quartz-
segregation layering and blastomylonitic fabric are characteristic, and bedding is
transposed along the main foliation, which parallels axial surfaces of isoclinal
folds. The schist varies widely in mineralogy and texture because of the complex
interaction of polyphase deformation and polymetamorphic recrystallization
superimposed on its diverse lithologic components. The protolith of most of the
schist was siliceous argillite and argillaceous feldspathic to calcareous quartz-
rich sediment, which possibly originated as a turbidite having primary
alternations of quartzofeldspathic and argillaceous layers.

Unit 4 consists of metamorphosed mafic igneous rocks, or metabasite, that
occurs as large mappable bodies ranging from metagabbro and metadiabase to
amphibolite and garnet-amphibolite. It also occurs as thin interlayers of
amphibolitic schist and greenschist within unit 3. The mappable mafic rock bodies
grade in fabric and degree of recrystallization from weakly sheared and
incompletely recrystallized in their cores to strongly sheared and extensively
recrystallized along their margins.

Unit 5 is composed of relatively pure quartzite and marble. Beds thick
enough to map separately on figure 11 are associated with metabasite bodies in the
southern part of the Ray Mountains. A few thin interbeds of quartzite and marble
also occur in unit 3.

Contacts between units within the metamorphic suite of the Ray Mountains are
generally shallow-dipping, somewhat discordant blastomylonite zones in which
ductile shear occurred under low-grade metamorphic conditions.

Preliminary analysis suggests that the mesoscopic fabric of the metamorphic
suite of the Ray Mountains involves at least three deformational phases and three
metamorphic episodes (Dover and Miyaoka, 1985b). The earliest folds (Fl1, fig. 13)
are isoclines to which the main schistosity (S1) is axial planar. F1l axes
commonly parallel the axes of mapped folds. 1In thin section, Fl isoclines are
associated with synkinematic amphibolite-facies minerals (Ml). Fl isoclines are
overprinted by second generation folds (F2) of variable style that have axial
plane cleavage (S2) at a low to moderate angle with S1 (fig. 13). Most F2 folds
are small chevron folds with tight or even isoclinal forms. Tight F2 folds
increase in abundance toward cataclastic zones between major rock units and
assemblages, where the cataclastic foliation is the dominant fabric element and
appears to coincide with S2. These second-generation structures throughout the
metamorphic suite of the Ray Mountains are invariably associated with greenschist-
or locally glaucophanitic greenschist-facies mineral assemblages (M2). 1In rocks
not strongly affected by the cataclastic event, M2 produced relatively minor
retrogression of Ml minerals. In more strongly cataclastic rocks, many of
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phyllitic aspect, Ml minerals are locally preserved as granulated or pseudomorphic
relics cut by cataclastic S2 foliation with synkinematic M2 mineral assemblages.
Such rocks are retrogressive phyllonites. BAll the graphitic chlorite-muscovite-
quartz schist of the Ray Mountains metamorphic suite is probably blastomylonite
produced or affected by the M2 cataclastic event, and some of these rocks are
demonstrably phyllonitic. 1In parts of the Ray Mountains not strongly affected by
the cataclastic event, broad warps (F3) bend earlier structures in individual
outcrops; Fl and F3 are coaxial in places. In strongly cataclasized zones, F3
folds are generally small crenulations that fold synkinematic M2 minerals and have
only incipiently recrystallized axial-plane cleavage (S3) that cuts the
cataclastic S2 foliation. Hornblende-hornfels facies mineral assemblages (M3)
occur in a contact metamorphic aureole several kilometers or less wide around the
mid-Cretaceous Ray Mountains granitic batholith. M3 is generally post-kinematic
relative to F2/S2 and earlier structures, and may represent a late, post-kinematic
phase of Mp;. However, in the easternmost part of the Ray Mountains metamorphic
suite, where it is in contact with the Devonian metaclastic unit and the Rampart
assemblage, M3 garnet and albitic plagioclase porphyroblasts are rotated within a
cataclastic foliation that is probably S$3 but could possibly be S2.

Kanuti assemblage--Two tectonically Jjuxtaposed units form the Kanuti
assemblage, which lies on the northwest side of the metamorphic suite of the Ray
Mountains. A lower chert-basalt unit contains discontinuous and largely unsheared
blocks and lenses of incipiently recrystallized basalt, diabase, gabbro, and
serpentinized ultramafic rocks in a mylonitic, melange-like matrix of low-grade
metasedimentary rocks that include bedded chert of Triassic age, argillite, slate,
Mississippian limestone, and volcaniclastic rocks (W. W. Patton, written commun.,
1983). The structurally overriding ultramafic unit contains cryptically deformed,
extensively serpentinized layered gabbro, peridotite, harzburgite, and dunite,
with garnet-amphibolite possibly derived from eclogite at the base. K-Ar ages on
hornblende from the garnet amphibolite are 138, 149, and 161 Ma (W. W. Patton,
written commun., 1983). Primary igneous and sedimentary textures and mineralogy
are typically preserved in the Kanuti assemblage, which was interpreted to be
dismembered ophiolite by Patton and others (1977) and Loney and Himmelberg
(1985a,b) .

Although contacts between the Kanuti assemblage and the metamorphic suite of
the Ray Mountains are poorly exposed, the Kanuti appears to lie in low- to
moderate-angle thrust contact on the metamorphic suite because of the intensity of
shearing in the lower, chert-basalt unit, and the regional discordance of its
basal contact with deformed units of the underlying metamorphic suite. The Kanuti
ophiolite is interpreted to be a slice of the oceanic basement of the Koyukuk
basin that was obducted southeastward onto the continentally derived metam