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GEOLOGIC MAP OF THE ANCHORAGE C-5 QUADRANGLE, ALASKA

BY
T.L. Pavlis

INTRODUCTION
LOCATION AND ACCESS

The Anchorage C-~5 Quadrangle lies in the western Chugach Mountains about
12 km east of Palwmwer, Alaska. The quadrangle 1ls traversed on the northwest
and southwest corners by the Matanuska and Knik Rivers respectively, and most
of the the quadrangle lies within a westward projecting, wedge—-shaped prong
of the Chugach Mountains. Total topographic relief in the quadrangle is
approximately 2% km with the lowest elevations alomg the Knik River and the
highest elevations along the eastern edge of the gquadrangle. Topography
varies throughout the quadrangle but aside from the river valleys and
northernmost foothills af che Chugach Mountains, most of the area {s above
tree line and 1is characterized by sharp ridges separating broad, U shaped,
glacially carved valleys. The steepest terrain lies along the local drainage
divide between the Knik and Matanuska Rivers where the relief locally
approaches 1.5 km and active glaciers have steepened cirque headwalls. Most
of the quadrangle 1s inaccessible except by foot or helicopter. Exceptions
are the northwest corner of the guadrangle where the Glenn Highway follows
the norcthern edge of the Matanuska River. A number of private, unimproved
roads also allow limited access south of the Matanuska River., Acceas by fixed
wing aircraft 1s limited to short landing strips in Friday Creek. An
abandoned landing strip In Carpenter Creek 15, at the time of thils writing,
overgrown and unusable.

PREVIQUS INVESTIGATIONS AND SCOPE OF THE PRESENT INVESTIGATION

Prior to 1970, the Chugach Mountains were largely unmapped aside from
brief reconnaissance descriptions made during studies of the Matanuska Valley
(for example, Barmes, 1962; Grantz, 1960, L196la, 1962b). Barnes (1962) mapped
the northwest part of the C-5 Quadrangle at that time and that mapping is
only slightly modified in this report. S.H.B. Clark provided the first clear
picture of the major lithologic groupings and structure of the area (Clark,
1972a, 1972b, and 1983 and mapping compiled by Magoon and others, 1976). The
author conducted the first detalled lnvestigations In the quadrangle during
1979 and 1980, That investigation, however, was limited to a 10 !m wide strip
across the eastern edge of the quadrangle (Pavlis, 1982a).

The map in this report (pl. 1) is a compilation of the previous mapping
in the C-5 Quadrangle by Barmes (1962) and Pavlis (1982a) along with new
detailed mapping in the remaining parts of the quadrangle. The new mapping
along with limited field checking of Barnmes'(1962) and Paviis' (1982a) work
was conducted as part of a 1382 DGGS mapping program. The 1982 mapping
conslsted of seven weeks of field work from late June to mild August. For the
first five weeks mapping was conducted entirely on foot from eight base camps
whereas the during the final two weeks full helicopter support was used. The
1982 field party consisted of T.L. Pavlis and M.E. Serfes (entire season)



with additional support from D.H. Monteverde and L.F. Serpa during the final
two weeks.

The geologic mapping was carried out on 1:25,000 scale topographic
basemaps prepared by photo enlargement of U.S5.G.5. 1:63,360 scale topographic
maps of the quadrangle. Because of the difference in scale, the original

field maps have been generalized to create the 1:63,360 scale map of this
report.
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DESCRIPTION OF ROCK UNITS
MAJOR STRUCTURES AND TECTONOSTRATIGRAPHIC TERRANES

Use of the Terms Border Ranges Fault and Border Ranges Fault System

The central portion of the Anchorage C-5 Quadrangle 1s transected from
southwest to northeast by a broad zone of faulting across which Jurassic and
pre-Jurassic crystalline rocks have been juxtaposed against a late Mesoczoic
nelange, the McHugh Complex (Clark, 1972b; Pavlis, 1982b). The Border Ranges
fault 18 a major regional structure that was originally defined by MacKevertt
and Plafker (1974, p. 323) as a structural countact which "juxtaposes upper
Paleozoic and lower Mesozoic rocks on the north against upper Mesozoic and
Tertiary rocks." Thus, by this definition the Border Ranges Fault lies within
the C-5 quadrangle.

At the same time as this nongenetic definition was presented, MacKevett
and plafker (1974), interprecing the Border Ranges Fault as a late Meso§oic
boundary beneath which the oldest units of the Alaskan-Aleutian subduction
complex were accreted. Hence, this introduced a genetic implication to the
Border Ranges Fault. Recent work (Winkler and others, 1981l; Pessel and
others, 1981; Pavlis, 1982a, 1982b: and Burns and others, 1983) has shown
that the original Mesozoic elements of the boundary are strongly overprinted
by Tertiary deformation that post-dates the initiation of convergence.
Furthermore, it i3 now clear that disparate rock sequences characterize the
crystalline terranes north of the section boundary (Winkler and others,
1981)., As a result, considerable confusion has developed over the precise use
of the term Border Ranges Fault; should the term refer co the genetic concept
(and thus refer only to Mesozolc structure) or should the term be defined
nongenetically by rock sequences separated along the contact? In this paper
the following terminology will be used:

1. The terms Border Ranges fault and Botrder Ranges fault system refer to
the entire system of faults (and possibly ductile shear zones) within
crystalline rocks of the norchern Chugach front (that is, within the northern
Chugach crystalline belt of Pavlis, [983). Thus, the term Border Ranges fault
is used here in a nongenetic sense as comprising a macroscopic fault network



that way contain Individual faults (or shear zones) of several ages. Because
this zone of faulting is generally several kilometers wide (Winkler ang
others, 1981; Pessel and others, 1981l; Burms and cothers, 1983) the term
Border Ranges fault system is most appropriate for describing the structure
at a scale of 1:63,360.

2. The term Border Ranges thrust will be used to designate the genetic
concept of a Mesozoic megathrust as originally used by MacKevett and Plafker
(1974).

3. In reference to younger reactivations of the Border Ranges fault, the
terms Cenozolc Border Ranges fault or Cenozoilc faults of the Border Ranges
fault system will be used.

Tectonostratigraphic Terranes

The C-5 Quadrangle is underlain by rocks comprising two regiomnally
extensive tectonostratigraphic terranes. Rocks throughout the northern half
of the quadrangle are clearly part of the Peninsular terrane (Jones and
Silberling, 1979) in that they contain the characteristic Peninsular terrane
stratigraphy. Rocks in the southern third of the quadrangle 1include chaotic
rocks of the McRugh Complex (Clark, 1973) and the structurally underlying
Valdez Group; the two units that regiomally are referred to respectively as
the melange and flysch subterranes of the Chugach terrane (Plafker and
others, 1977).

Between exposures of the Talkeetna Formation and exposures of rocks
showing the characteristic chaotic structural style of the McHugh Complex
(pl. 1) is a belt of complexly faulted crystalline rocks. Lithologically
these crystalline rocks are composed of medium grade metamorphic rocks and at
least two generations of plutonic rocks. The author previously described
these rocks as the basement terrane for the structurally adjacent Peninsular
Terrane (Pavlis, 1983), aand although this relacionship is probably true for
most, 1f not all, of these crystalline rocks that correlation is not
unequivocal. In particular, a tectonostratlgraphic terrane, like the
Peninsular Terrane, is a faulct bounded entity that is defined by a
characteristic cover sequence (Jones and Silberling, 1979 and Coney and
others, 1980); yet, Lif that cover sequence 1s not present--~-as in exposures
of "basement rocks'---the assignment of a crystalline rock sequence to a
given terrane will always be equivocal. In most areas of the Cordillera this
"€law" in the terrane concept is Insignificant because cover rocks are
ubiquitous, but in the western Chugach Mountains “basement rocks"
(crystalline rocks) are everywhere in fault contact with the Peninsular
terrane cover; thus, the evidence for a correlation is debateable. The
problem is further complicated because available absclute age data (see
Pavliis, 1983) allow for both Jurassic and Cretaceous metamorphic events 1in
the quadrangle, and as a result 1t Is possible that some of the crystalline
rocks are actually 'high grade equivalents' of Chugach terrane units.

Because of these uncertainties in correlation, a strict adherence to the
terrane concept (as outlined by Jones and Silberling, 1979; Coney and others,
1980) requires that these crystalline rocks be separated as a distinct
terrane {(or terranes). In this report, the texrm Knik River terrane will be
used for all rocks which cannot be clearly correlated to either the
Peninsular terrane (as defined by exposures of Talkeetna Formation) or the
Chugach terrane (indicated by both structural style and lithologic



association). This term is simply a redefinition of terminology firsc
presented by Carden and Decker (1977). Applying this definition the Knik
Rlver terranme includes an approximately [0 km wide belc of rocks along the
Border Ranges Fault System. The norchern edge is a broad (up to | km wide)
fault zome that 1s herein referred to informally as the northern Chugach
Fault zomne, and the southern edge is a complex boundary formed by several
generations of faults (pl. | and fig. 1).

PENINSULAR TERRANE

The Matanuska Valley and che northern foothills of the Chugach Mountains
are underlain by rocks clearly belonging to che Peninsular terrane of Jones
and Silberling (1979). The Peninsular terrane rocks form two
structural-=lithologic sub-belcs: l. a 3-5 km wide belt of volcaniclastic
rocks and probably co-eval granitoid plutons exposed in the northern
foothills of the Chugach Mountains, and 2. a belc of late Mesozoic and early
Tertiary sedilmentary rocks exposed throughout the Matanuska Valley. The
volcanic rocks of the northern Chugach Mounctains belong to the Early Jurassic
Talkeetna Formation (Barmes, 1962). The volcanics and assoclated plutons
represent a basement sequence onto which the sedimentary rocks were
deposited.

Rocks of the Peninsular cterrane are not well exposed in the C-5
Quadrangle. This exposure problem is acucte in the Matanuska Valley where
thick glacial deposits mask wost of the bedrock geology. Exposure i3 better
in the Chugach foothills but most of the major drainages are filled with
thick glacial and glacio-fluvial deposits.

Basement Sequence

Talkeetna Formation(Jtk): In the C-5 Quadrangle, the oldest rocks of the
Peninsular terrane are a variety of volcanic rocks which apparently belong to
the Talkeetna Formation. In the central Chugach Mountains Grantz (1960,
1961a, 1961b), Pessel and others (1981), and Burns and others (1983) have
divided the Talkeetna Formation into a number of members. Poor exposure
handicapped efforts at division and the Talkeetna Formation is not divided in
place 1.

The major exposures of the Talkeetna Formation occur along a 1-2 km
wide, relatively continuous band which colincides closely with the Chugach
Mountain front. This continucus outcrop band swings south of the mountain
front near King Mountaiun. All other exposures of Talkeetna Formation occur as
irregular outcrop masses, presumably roof pendants in the associated
intrusives, and as fault bounded exposures.

In the C-5 Quadrangle, the Talkeetna Formation is mostly a massive
volcanic unit with no obvious bedding. At both Crag and Pinnacle Mountain,
however, thick bedded units dip steeply to the north suggesting that the band
of Talkeetna Formation along the mountain front may represent a north dipping
homoclinal sequence. Lithologically the major rock type of the Talkeetna
Formation appears to be a massive pyroclastic rock. Some of these rocks are
lithic tuffs with pebble to cobble sized clasts in a fine grained matrix.
Most of the rocks, however, lack thls obvious pyroclastic texture and
probably represent originally tine-grained, thick-bedded, tuffaceous units.
Flow units appear to be relatively uncommon. The volcanic rocks all appear to




be predominantly intermediate to silicic in composition. An isolated exposure
(sec. 17 and 18, T. 18 N., R. 4 E.) in lower Wolverine Creek, however,
contains fine grained, highly altered, massive greenstones that presumably
are a mafic part of the Talkeetna Formationm.

Cumulate (?) gabbro (Jpg): One small body of coarse grained gabbro is
exposed on opposite banks of lower Wolverine Creek (pl. l). These gabbros are
essentlally pyroxene-plagioclase rocks and are characterized by sub-ophitic
textures with 3-S5 wm long plagioclase laths surrounded by pyroxene. These
gabbroic rocks are probably cumulates and may be correlative with an
extensive layered gabbro complex in the central Chugach Mountains (see Burms,
1983 and Burns and others, 1983 for details). The gabbros may also be
correlative with layered gabbros of the Knik River cerrane (unit lg, pl. 1)
but because the latter are metamorphosed that correlation is less likely. The
absolute age of the gabbros is unknown. In the C-5 Quadrangle they are
clearly cut by mafic dikes and appear to be cut by granodiorites (Jgd) but
their relactive age with respect to the diorite-tonalite suite (Jpt and Jpd)
is unclear.

Tonalite (Jpt) and diorite (Jpd) of the Peninsular terrane: A broad
continuous belt of intermediate plutonic rocks lies beneath the Talkeetna
Formation throughout the northern foothills of the Chugach Mountains. Small
exposures of similar rocks in lower Wolverine Creek are probably also part of
this intrusive series. The dominant lithology within this belt is hornblende’
tonalite characterized by fine to medium grained, hypidiomorphic granular
textures. However, compositions vary throughout the belt with many rocks
showing color indices of nearly 70 while quartz contents range from 0 to 30
percent. Most of these rocks are mapped as unit Jpt; a composite unit
containing rocks ranging from hornblende gabbro to tonalite. Locally,
however, the rocks are dominancly hornblende gabbro~diorite and are different
separately (unit Jpd). Most of the compositional variability is recognizable
on 2 mesogcoplc scale and appears to be due to inhomogeneities 1in the
original intrusives; not merely a result of several plutons of widely varying
composition.

The contact between the intrusive complex and the Talkeetna Formation is
well exposed only at Crag in the northwest coxner of the quadrangle and in
that locality, the rocks invade Talkeetna Formation. The intrusive
relationship is evidenced by both an irregular contact zone and a clear
textural zonation from hypidiomorphic granular to porphyritic as the contact
18 approached. Presumably this contact relationship also holds for other
localities along the wmountain front.

Granodiorite-adamellite plutons (Jgd): A number of small, leucocratic
plutonic bodies; most with aerial exposures of less than 5 km ; intrude
tonalites and the Talkeetna Formation along the Chugach Mountain front. These
plutonic masses vary in composicion from granodiorite to adamellite but wmost
appear to be granodiorite. The rocks generally carry both hormnblende and
biotite as mafic phases and quartz contents are generally ]0-20 percent. The
rocks show fine to medium grained, hypidiomorphic granular textures and
plagioclase is commonly zoned suggesting cooling at relatively shallow
crustal levels (Pavlis, 1982a, 1983).

Most of the granodiorite bodies are roughly circular or elliptical in
outline with some irregular lobes projecting from the body. The plutons
clearly intrude surrounding rocks but no chilled margin or contact aureole
was recognized adjacent to the bodies. Pavlis (1982a) mapped some rocks
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adjacent to the small plug near the center of the quadrangle (SW% sec. 11, T.
18 N., R. 4 E,) asg wmafic hornfels. Reexamination of this area in 1982,
however, showed the body to be fault bounded cto the south and the 'mafic
hornfels' appear to be mafic dike rock. The granodiorite bodies are generally
massive igneous rocks but one body in the northeast corner of the quadrangle
(NEX% sec. !, T. 18 N., R. 4 E.) 1is foliated along its southwest margin. This
foliation presumably is an igneous flow foliation buct the contact with
adjacent rocks was not observed. Thus it is possible that the roeck is an
older gneissic rock unrelated to the other granodiorite bodies.

Cover Rocks

The northwest cormer of the guadrangle is underlain entirely by late
Mesozoic-early Tertiary sedimentary rocks of the Cook Imlet - Matanuska
Valley - Copper River basin system (Barnes, 1962; Kirschner and Lyon, 1973).
Regionally these rocks are middle Jurassic through Tertiary in age but in the
C-5 Quadrangle only late Cretaceous and early Tertiary rocks are exposed
(Barnes, 1962). These rocks include the Matanuska and Chickaloon Formations,
both of which have been described regionally in some detail (Barnes and
Payne, 1956; Grantz, 1960, 196la, 196lb; Barnes, 1962; Kirshner and Lyon,
1973; Fisher and Magoon, 1978). Aside from changes south of King Mountain and
along the Matanuska River the distribution of these units is largely a ‘
compilation of Barmes (1962) work,

Cretaceous Matanuska Forwation (Km): In the C-5 Quadrangle the Matanuska
Formation is a monotonous sequence of medium to dark gray, interbedded shale
and graywacke. The graywackes vary from fine grained silty rocks to
conglomeratic sandstone. In many exposures the Matanuska Formation shows
conspicuous graded bedding suggesting that much of the unit represents a
turbidite sequence (Grantz, 1964; Jones, 1967). The most complete sequence of
the Matanuska Formation 1is along Granite Creek in the northwest corner of the
quadrangle where a relatively intact, south dipping homoclinal sequence 1is
exposed. In that exposure the rocks are rythmically bedded with individual
graded unicts about 30 cm thick and the rocks show soft sediment folding
suggestive of deposition on a slope. In most exposures of the Macanuska
Formation, however, the rocks are thick bedded sandstones and conglomerate
with minor shale, observations suggesting a more proximal position (Jones,
1967) .

Paleocene Chickalcon Formation (Tc): The Chickaloon Formation is never
well exposed in the C-5 Quadrangle except along stream drainages and in the
northeast corner of the quadrangle where it 1s exposed within the mountains,
The Chickalcon 18 characrerized by interbedded, fluvial shales and sandstone.
The sandstones are generally pecorly sorted, cross-bedded gray rocks which
weather to a buff color whereas the shales are gray to black, finely
laminated rocks. Coal 1is locally abundant within the Chickaloon Formaction
(Barnea and Payne, 1956) and plant fossils are ubiquitous. South of King
Mountain the Chickaloon Formation uncomformably overlies the Talkeetna
Formation. The basal units consisc of 20-30 m of massive conglomerate. The
conglomerate contains pebbles of volcanilc rock (presumably derived from the
underlying Talkeetna Formacion) but the dominant clasts are gray and red
chert. The basal conglomerate does not appear to be present throughout the
contact with the Talkeetna Formation, either due to structural complication
or primary depositional patterns. The conglomerate, where present, grades
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upward iIinto Interbedded greenish sandstone, conglomerate, and veddish brown
to deep brown shales. Barnes mapped these basal units as part of the
Talkeetna Formation but the presence of abundant chert clasts in the
conglomerate 1s more typical of the Chickaloon and Wishbone formacion and
thus the units are considered parc of the Chickaloon Formation.

Younger Igneous Rocks

Tertiary felsic intrusives(Ti): The youngest rocks of known relative
age are exposed in the NE corner of the quadrangle where they form King
Mountain and an adjacent bedrock knob. The plutonic rocks are all fine to
medium grained leucocratic igneous rocks that Barnes (1962) considered to be
granodiorites, The rocks intrude the Paleocene Chickaloon Formation and
appear to post-date a late Eocene-early Oligocene deformation in the
Matanugka Valley (Barmes, 1962 and Kirschner and Lyon, 1973).

Mafic Dikes of Unknown Age (md): At scattered localities along the
Chugach Mountain front mafic dikes, locally relatively closely spaced,
constitute a significant percentage of the country rock although most are too
small to be shown on the map. These dikes vary from fine grained diabase aund
(or) basalt to micro-diorite. The dikes vary in width from 20 cm to about 3
m and vary in abundance from scattered dilkes to closely spaced, parallel
dikes constituting as wuch as 50 percent of the rock. The dikes almost
invariably have nearly east-west strikes and are near vertical. At two
localities microdiorices are mappable, At both localities, however, it is
unclear if this relationship 15 due to numerous closely spaced dikes (that
is, 100 percent dike rock) or a single, fine grained intrusive mass. The age
of the dikes 1s unknown but the consistency in orientacilon suggests they are
relatively young, perhaps Tertiary in age. Burns and others (1983) work in
the Anchorage C-3 and C-2 Quadrangles suggests that these dlkes are abundant
throughout the Chugach Mountain front but are probably of several
generations.

Metamoxrphism

Tertiary and Cretaceous sedimentary rocks of the Peninsular terrane are
unme tamorphosed except for minor hornfels adjacent to Tertiary intrusives,
The Talkeetna Formarion, however, shows variable effects of low grade
regional metamorphism as well as contact metamorphism associated with the
tonalitic plutonic rocks. The reglonal metamorphism of the Talkeetna
Formation created the minmeral assemblage chloricte + epldote + quartz, a
non-diagnostic assemblage stable from the prehnite-pumpellyite to lower
greenschiat facies. The rocks clearly reach greenschist facies in contact
aureoles, however as evidenced by metamorphic actinolite. Both the regional
metamorphism and local contact metamorphism are not associated with
penetrative deformation. Indeed, abundant veining and local sulfide
mineralization suggests that the metamorphism of the Talkeetna Formatlon was
largely a hydrothermal event coeval wich volcanism and plutonism.

The plutonic rocks of the Peninsular terrane are unmetamorphosed and
many are relatively unaltered. In many parts of the terrane, however,
particularly in the more sillcic rocks, some alteration of plagioclase and
mafic minerals can be recognized. This alteration is presumably a late
magmatic hydrothermal alteration. Elsewhere, however, both the plutonic rocks



and the Talkeetna Formation are cut by complex veiln networks containing
prehnite and (or) zeolites(?). This velning demonstrates that some post-—
plutonic circulation of a low temperature hydrochermal fluid has occurred,
The age and significance of this alteration is unknown.

KNIK RIVER TERRANE

The Knik River terrane is a faulted group of igneous and metamorphic
rocks forming a 10 km wide band that extends from the southwest to northeast
corner of the quadrangle. The terrane is internally disvupted by the Border
Ranges fault system. Knik River terrane rocks from the east-central portion
of the C-5 Quadrangle have been described in detail by Pavlis (1982a, 1983).
This report reviews some or those observations along with field observations
from the remainder of the terrane. For the purpose of description
lithologically similar rock are described collectively. Nonetheless, the
reader should keep in mind that because of the faulted bounded nature of the
rocks, we could be lumping unrelated units. The amblguity of rhis correlation
is discussed in the last section of this reporc.

Metamoxphic Rocks

Mafic (lg)-ultramafic (um) bodies: Tectonite ultramafic rocks, and
cumulate ultramafic and mafic rocks are exposed in two large lensoidal masses
near the topographic divide between Wolverine and Carpenter Creek. Together
these fault bounded bodies constitute the Wolverine ultramafic complex of
Clark (1972b). Similar rocks also occur in lower Jim Creek but in that
locality ultramafic rocks occur only along a narrow band at the southern edge
of a body composed predominantly of layered gabbro. Ultramafic rocks
(tale-calcite schists) also occur as lenses within the unit JPrm and as
xenoliths in the pluton west of the largest ultramafic body (pl. !).

In all three mafic-ultramatic bodles a conspicuous layering dips to the
south at shallow to steep angles (fig. 5d). The layering varies from macro-
scopic interlayering of gabbros and peridotite in the largest ultramafic body
to mesoscopic interlayering of light and dark bands, pyroxene rich bands, or
thin chromite layers. A small area on the east-southeast margin of the
largest uvltramafic body is underlain by tectonized ultramafic rocks showing
isociinally folded chromite bands aud preferred orientation of minerals. Hosc
of the rocks, however, do not show evidence of ductile deformation and many
show cumulate textures, thus mosc of the rocks probably represent parts of a
cumulate igneous complex. Dunite, generally with thin (1l mm to about 5 cm
thick) bands of chromite, is the most abundant lithology in both ultramafic
bodies of the Wolverine complex. Layered gabbro and clinopyroxene rich
peridotites (originally wehrlites and [or) lherzoliteg) appear to be in abouc
equal proportions 1n the largest ultramafic body but gabbros are absent in
the smaller ulrtramafic bodyv in upper Carpenter Creek (Pavlis, 1983).

All three ultramafic-mafic bodles have been metamorphosed at greenschist
or lower-amphibolite facies. Mafic rocks are generally completely re-
crystallized to amphibole + zoisite * chlorilte but a few rocks retain
corroded clinopyroxene zand plagioclase, Ultramafic rocks contain abundant
remnant phases but show replacement patches of chlorite + tremolite, talc,
tremclite alone, or talc + chlorite and (or) calcite. Serpencinization is
ubiquitous at the margins of the ultramafic bodies but aside from shear zon-
es, serpentine is generally absenc within the ultramafic complexes,
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The serpentine free paragenesis is the product of a hydrothermal
metamorphism that was controlled by fracture permeabillity and involved marked
masa tramnsport 1n the fluid phase. The serpentine free paragenesls 1s not
asgoclated with penetrative deformation suggesting that either the
metamorphic peak was post-kinematic or the ultramafic bodies were mnot
penetratived deformed because they behaved as rigid pods deformed internally
by shear zones (Pavlis, 1983).

The serpentinites are of two types: 1) a blocky, black or dark green,
highly slickensided rock with serpentine growing largely as replacement
patches; and 2) greem to blue-green serpentine schist with 1-10 cm entrained
blocks of less altered ultramafic rock. The former occur along the margins
of the body and locally show evidence that the serpentinization and shearing
post—date metamorphic tremolite and (or) chorite. The latter, however, occur
largely in shear zones within the ultramafic masses and their age
relationship to serpentine free metamorphic assemblages 1is unclear.

Mafic schists——-foliated greenschist (g) and amphibolite (a): The most
abundant metamorphic lithology of the Knik River terrane is a group of
varlably foliated mafic schists. The mafic rocks are compositionally
indistinguishable in the field but metamorphic grade varles from the upper
greengchist facies to amphibolite facies. In the field the rocks were divided
into a greenschisc unit (g) and an amphibolite unit {(a). The rtocks were
designated as greenschist if they were distinctly greenish in color and
contalned obvious chlorite in hand specimen whereas amphibolites are all dark
gray to black rocks without obvious chlorite in hand-specimen.

Although they were not divided during the mapping, the mafic schists are
of two types: a) banded amphibolites and (or) greeuschists in which mafic
bands are interlayered with 1|-10 cm thick bands of calc-silicate; and b)
massive, follated amphibolite and greenschist. In amphibolite facies rocks,
the calc-silicate bands in the banded amphibolites contain diopside + garnet
+ plagioclase * zoisite t calcite (Pavlis, 1983). In lower grade rocks,
however, much carbonate remains with only zolsite as a secondary mineral.

The mafilc schists also contain intercalated bands and (or) lenses of
pelitic schist which vary in size from thin ! cm thick bands to layers
several meters in thickness. In the higher grade rocks these bands may be
infolds of pelitic schisc buc in the lower grade rocks similar argillaceous
bands appear to be primary or a result of pre-metamorphic structural
complications.

Metamorphic fabrics are of variable intensity within the mafic schists.
This variation is pronounced in the lower grade units (JPg) where the rocks
change from fine-grained unfoliated greenstones to strongly foliated
chlorite-actinolite schist. In higher grade rocks a similar variation is
recognized but the variation occurs as a subtle variation in the 'intensity'
of the fabric, for example, a lineation that is sporatic. The changes in the
intensity of fabric can locally be seen on a mesoscopic scale where foliated
zones grade into massive rocks, and in these cases the follated zones may
represent ductile shear zones. However, the characteristic shear zone
geomatry is genmerally not observed, hence the zones could be local variations
in the finite straim within a rock that was subjected to a relatively simple
macroscopic strain pattern.

Permian (?) meta-chert and mera-argillite (ca): In the Jim Creek area
the mafic rocks (unit g) are intimately assoclated with a sequence of
deformed white or gray chert and dark argillaceous rock. These rocks cccur as




two mappable bands on the norcth bank of Jim Creek but argillaceous rocks also
occurs as lenses and discontinuous layers within the mafic rock. The
"mixing" mechanism for the greenstones and argillaceous rocks is uncertain
but, as discussed below, at least some structural mixing is probable,.

The meta-chert/argillite unit is characterized by complex internal
folding with chert bands folded (commonly disharmonically) into tight nearly
1soclinal folds. The cherts themselves show intense veining and
recrystallization but lack a foliation. The argillaceous rocks, however,
generally are moderately to strongly foliated phyllites and semischists.

The sedimentary origin of the metacherts and metaargillites 1is
unequivocal and they are probably correiative with similar metasedimentary
rock exposed south of the Knik River near Mount Eklutna (R. Bruhn, personal
commun., 1982). That interpretation 1s significant because Clark (1972a)
collected carbonates from the Eklutna area which ylelded Permian fusilinids,
hence the metasedimentary rocks in the Jim Creek area are probably Permlan as
well.

Quartz Rich Mica Schists (JPqs): Scattered throughout che Knik River
terrane are a series of quartz rich, metasedimentary rocks mapped
collectively as unit qs. The largest single exposure of this unit 1s along
the upper divide between the south and north forks of Wolverine Creek (pl.
1). Included in this unit are a variety of metasedimentarv rocks but the .
characteristic lithology is a mesoscopically laminated schist in which | m td
2 c¢m thick quartzite bands are interleaved with mica schists, The mica
schists are mostly garnetiferous biotite schist but many of the rocks also
carry muscovite whereas others carry hornblende. The latter are generally
quartzo-feldspathic and are similar to the 'brown schist’ (JPbs) unit mapped
in upper Wolverine Creek. The quartzites are generally micaceous but most
are not flaggy. Some quartzites are calcareous and carry unusual
calc-sllicate assemblages (e.g. diopside, wollastonite, and garnet). The
protolith for the quartz rich mica schists is almost cextainly a sequence of
bedded cherts and argillites (Pavlis, 1983). Indeed, aside from structural
style and metamorphic grade the rocks are lirhologically indistinguishable
from the metachert/argillite unit (ca) of Jim Creek, and the two units may be
correlative.

The quartz rich mica schists are locally rich in sulfide minerals
(pyrite?) and as a result tend to weather to a reddish to dark reddish brown
color. Where these rocks are engulfed by plutonic rocks (upper drainage of
the south fork of Wolverine Creek - sec. 10, 1Ll, 12, 16, 18, T. 17 N., R, 4
E.; and west of lower Carpenter Creek - N} sec. 7, Sk sec. 6, T. 18 N., R. 5
E.) the primary (?) sulfides appear to have been remobilized and concentrated
by hydrothermal circulation. As a result these zones stand out as bright red
or dark reddish brown patches along the margins of, or engulfed by, plutonic
rock. Where these rocks could be observed, the sulfide appeared to be
entirely pyrite but it is possible that other minerals are present.

Hornblende-biotite, quartzo-feldspathic schist-—-'brown schist' (bs): In
upper Wolverine Creek, the bulk of the rocks forming peak 6349 are a
moderately foliared sequence of hormblende-blotite bearing
quartzo-feldspathic schists. In the fleld they are distinguished from
amphibolite by their brown color on a weathered surface and by the presence
of biotite., They are distinguished from the quartz-rlch schists by the
absence of quartzite laminations. The rocks are a relatively massive unit
forming steep craggy slopes. The massive character appears to be due to the
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interlocking quartzo-feldspathic matrix which prevents easy splitting along
the foliation. The protolith for these rocks 1s unclear but the rocks are
layered suggesting they are probably meta-sedimentary; perhaps
meta~graywacke.

Marble (not dilfferentiated): Marbles occur at scattered localities
throughout the Knik River terrane but none are of sufficient areal extent to
be shown at the scale of the mapping. The marbles are restricted to
discontinuous thin bands (generally less than 10 m thick) or lenses within
other units, The marble units are most abundant in the quartz rich schists
(JPca and JPqs) but also occur sporadically within che mafic units (JPg and
JPa). Most of the marbles are nondescript, gray laminated rocks with limited
evidence of growth of secondary, metamorphic minerals; usually only tremoclite
as a secondary mineral. At one locality, however, in the Anchorage C-4
Quadrangle (S% sec. 35, T. 19 N., R. 5 E.) the marbles lie along the margin
of a large gabbro pluton and have been converted into skarn. The major
minerals in these rocks are large (up to 5 cm in diameter) pink garnet and
dark green pyroxene (hedenbergite ?) with lesser amounts of wollastonite,
amphibole, and pyrice.

Red melange (rm): Along the northerm margin of the Wolverine ultramafic
complex and extending to the northeast into the Anchorage C-4 Quadrangle is a
belt of mixed rocks characterized by a distinct melange-like structural
style. This structural unit is characterized by blocks of relatively ‘
undeformed cherc, gabbro, basalt, and ultramafic rocks floating in an
arglllaceous matrix. The matrix 1s generally foliated and consists of dark
gray to black, quartz rich phyllite with minor pyrite. The weathering of the
pyrite leads to the characteristic red staining in outcrop. Both the blocks
and the melange matrix have been subjected to a post-kinematic metamorphism
which produced ubiquitous biotite and phengite in the argillites and
actinolite, chlorite, and epldoce in mafic rocks. The red melange contains
all of the metamorphic lithologies of the Knik River terrane, either as
blocks or in the wmatrix, and therefore may have been produced from the same
protolith,

Migmatites (m): At scattered localities along the northern edge of the
Knik River terrane and along the Jim Creek-Wolverine Creek divide (N) sec.
11, T. 17 N., R. 3 E.) amphibollites are invaded by large quantities of
diorite and the rocks are best referred to as migmatites. These migmatites
are apparently injection gneisses along the margins of diorite plutons as the
rocks grade directly 1into massive igneous rocks. The rocks are relatively
minor In abundance but are significant in that they demonsgtrate that the
deformation of at least some of the metamorphic rocks predated the diorite
plutons.

Quarctzo-feldspathic gneiss (qg): At scattered localitles throughout the
Knik River terrane are a few small exposures of quartzo-feldspathic gneiss.
Most of the gneisses are along the margins of large plutons and the foliation
is presumably a primary igneous flow fabric. A few exposures, however, do not
show this plutonic association and alcthough their protolith is uncertain,
they could represent small pre-kinematic or synkinematic plutons. The latter
are all fine grained, leucocratic (color index less than 20) gnelsses with
biotite and hornmblende as mafic phases, and in one locality mesoscopic, 10-50
cm thick bands of amphibolite are interlayered with the leucocratic gneiss.
Cataclastic rocks {cg and sm): Cataclastic rocks are widespread throughout
the Knik River terrane. Cataclastic rocks occur along most of the major
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faulrs and locally the cataclastic zones are sufficiently wide to be mapped
as distinct rock bodies. Typically, the cataclastic rocks occur in a distinct
concentric pattern In which a cataclastic core is surrounded by successively
less broken and altered rock. In the cataclastic core the primary rock type
is generally obscured by both cataclasis and alteratiom, and the resulting
'cataclastic greenstone' (mapped as unit cg) is a massive, fine grained
rocks, regardiess of protolith. Locally, these rocks show a foliation defined
by either alternating brown, green, or white layers; or 'scaly chlorite’
bands separating phacolds of more massive rock. These intensely broken and
altered rocks grade outward into wide zones of lesg intense shearing,
generally shown by closely spaced fracture surfaces that do not necessarily
show a pronounced preferred orientation. Similarly the intensity of
alteration falls off and remnanct minerals aund textures become recognizable
between sheared surfaces.

The cataclastic rocks were divided into two units: a) cataclastic
greenstones {(unit cg) in which the protolith has been obscured by alteration
and cataclasis; and b) sheared metamorphic rocks (unit sm) in which the
original protolith is clearly {cliated metamorphic rocks but the primary
foliacion has served as a slip surface. The detailed delineation of the
latter (unit sm) 1s somewhat arbitrary but the criteria used for mapping was
that an older, metamorphic foliation surface must be polished or slickens-
ided. The delineation of the ‘'cataclastic greenstones’ (unit cg), however,
was less subjective in that the unit represents areas where more than 50
percent of the rock had no recognizable protolith. The mapping of the
cataclastic zones provides a relatively clear picture of the pattern of major
faults. It is to be noted, however, that because only the intensely shattered
and altered rocks were mapped, many of the fault 2ones are considerably wider
than shown by the mapping.

New mineral growth within the cataclastic zones 1s suggestive of
relatively low-temperatures during (or subsequent to) faulting. For example,
epidote, quartz, chlorice, and prehnite are ubiquitous within the cataclastic
zones; mineralogies suggestive of lower greenschist or sub-greenschist facies
conditions (Pavlis, 1982b).

Plutonic Rocks

The Knik River terrane is invaded by ac least two generations of
plutenic rocks: a) an older series of post or syn-metamorphic intermediace
and mafic plutons that pre-date a major faulting event and b) a younger sulte
of leucocratic, mostly trondhjemitic plutons that post-date most of the major
faulting.

The older series includes both mormal (clinopyroxene bearing) gabbro
(Jcgb) and rocks which grade in composition from hornblende gabdbro
(hornblende-plagioclase rocks with grearer than 50 percent mafics) to
hornblende tonalite (Jd and Jt). The latter are the dominant plutonic rock
type and although locally they are of mafic composition they are probably
best considered as of the dlorite-tonalite clan. Hornblende separates from
three diorite samples collected in the northern half of the Knik River
terrane (plutonic subterrane, fig. 1) vielded Early Jurassic (about 190Ma)
K-Ar ages whereas hornblendes from a diorite in the southerp half of the Knik
River terrane yielded younger (135Ma) ages (Pavlis, 1983).



The younger plutonic series occurs as a series of individual plutons
that are concentrated near the Knik River/Chugach Terrane boundary. An Early
Cretaceous age for these plutons is indicated by: 1. a hornblende K-Ar age of
124Ma on the pluton in upper Carpenter Creek; a concordant U-Pb zircon age of
103Ma from the pluton in upper Wolverine Creek; and 3. a slightly discordant
K-Ar age (lléMa-biotite and l26-hornblende) from the pluton in upper Jim
Creek. (Pavlis, 1982a, ip press; T. Hudson and J. Arth, personal commun.,
1981; and R. Bruhn, personal commun., 1982),

Pyroxene gabbro of lower Carpenter Creek (unit Jcgb): Exposed along
lower Carpenter Creek In the northeast corner of the quadrangle are a series
of fault bounded slabs of coarse grained gabbro. Similar rocks were also seen
as a fault bounded glab near the center of the quadrangle (N sec. 24, T. 18
N., R. 4 E.) and as roof pendants in a diorite plucton (S% sec. 11, T. 18 N.,
R. 5 E.). The gabbros weather to a rusct-brown color but are black on a fresh
surface due to dark calcic plagloclase. The rocks are characterized by coarse
hypidiomorphic granular textures. In order of abundance the primary
mineralogy 1s calcic plagioclase + clinopyroxene + olivine + opaque, thus che
rocks are 'normal' olivine gabbros. The rocks are slightly altered wich
olivipe partially convercted to serpentine + magnetite * talc; and plagioclase
is weakly sausericized.

The Carpenter Creek gabbros are distinct from the layered gabbroic rocks
of the Wolverine ultramafic complex in that the Carpenter Creek gabbros: 2) '
are fresh and show no evidence of metamorphism; b) show no evidence of
primary igneous layering; and c) are clearly plutonic rocks asg they invade
follated metamorphic rocks west of Carpenter Creek and in the C-4 Quadrangle.
Thus, the Carpenter Creek gabbros are probably unrelated to the layered
ultramafic-mafic rocks of the Knik River terrane. The gabbros are locally
invaded by diorite plutons and are therefore no younger than earliest
Jurassic.

Jurassic interwmediate plutonic rocks (Jg, Jd, Jt, Jdg): The northern
half of the Krik River terrane is wmade up predominantly of intermediate
plutonic rocks (plutonic subterrane, fig. 1). In this plutonic subterrane the
rocks range in composition from hornblende gabbro (unit Jg) to tomalite (Jt).
Most of the rocks are mineralogically indistinguishable and the distinction
between various map unicts was made on a fileld judgment of modal abundances.
Specifically the rocks are all basically quartz bearing hornblende~
plagicclase rocks, although some of the tonalites also contain small amounts
of blotite. Accessory minerals include abundant magnetite (up to 5 percent)
and apatite (up to about 1 percent). The rocks were mapped as gabbro (Jg) if
hornblende and opaques made up more than 50 percent of the rock and as
tonalite (Jt) 1f quarcz was In excess of 10 percent. Most of the rocks
contain less than 10 percent quartz and less than 50 percent mafics, however,
and were mapped as diorice (Jd). Local changes from gabbro to diorite are
generally gradational and mapping a boundary is generally open to broad
interpretation. The tonalites, however, appear to invade diorites and
therefore may be cthe youngest plutons of the intrusive series (Paviis, 1983).

Texturally, all of the intermediate plutonic rocks are characterized by
medium to coarse gralmned hypidiomorphic granular textures with large,
commonly poikilitic hornblendes growing with subhedral plagioclase and
anhedral quartz. Locally the poikilitic character of the hormblendes can be
seen In hand specimen where large equant hornblende grains have a 'snow
flake' appearance due ro numerous inclusions. A second textural variation is
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the local occurrence of pegmatite stringers In which 10-20 cm wide dikes of
pegmatitic (individual crystals up to 5 cm in length) tonalite cross-cut the
plutonic rocks.

The intermediate plutons are all clearly igneous rocks with lictle
evidence od ductile deformation. This conclusicn is evidenced not only by the
textural observations noced above but a3lso by abundant intrusive contact
relationships including: 1) engulfing of metamorphic rocks by diorites in
upper Wolverine Creek; 2) ubiquitous mafic xenoliths of unknown association
along the northern edge of the main tonalite mass (just south of the northern
Chugach faulc zone); and 3) occurrences of injection migmatites (unit m) at
several localities. Locally, however, the plutonic rocks are gneissic (Jdg);
an observation suggesting ductile deformation. Nonetheless, the contact
relationships between these gneisses and adjacent rocks is everywhere
obscured by faulting. Thus, the gneisslc foliations could also be a primary
igneous flow foliation.

Diorite plutaons of uncertain affinicy (JKd): A serles of small plutonic
masses of dilorite occur to the south of the red melange (unit rm) but it is
not clear if these plutons are part of the larger plutonic mass in the
northern haif of the terrane or are a separate plutcenlc series. These plutons
form mappable bodies on the east canyon wall of Carpenter Creek but smaller
sills were aisc observed within metamorphic rocks in upper Carpenter Creek.
The rocks are all diorites with the bulk of the rock comprised of equal
proportions of pale green hornblende and plagloclase. Quartz makes up less
than 5 percent of the rock and magnetite comprises less than L percent of the
rock. Texturally, the rocks are characterized by hypidiomorphic granular
textures with subhedral amphibole laths and anhedral plagioclase. Although no
chemical data is available for chese plutons the low magnetite contents and
pale green color of the amphiboles suggests low lron contents. This
observation implies the pluctons may be related to the Cretaceous plutonic
serles since they also are characterized by low Fe contents. However, since
the diorites appear to be invaded by the Cretaceous plutons and give older
K~Ar ages (135Ma) the assoclation is equivocal and the rocks could be
Jurassic or older.

Altered tonalite or trondhjemite (JKt): At two localities in lower
Wolverine Creek (SW% sec. 29, T. 18 N., R. 4 E. and S% sec. 36, T. 18 N., R,
3 E.---not shown on map) strongly altered, leucocratic plutons of unknown
affinity and age occur as small plugs in close association with a major fault
zone. These rocks were probably leucro-tonalite or trondhjemite initially but
plagioclase 1is Intensely altered to clays and the original mafic mineral is
converted to chlorite, hence few conclusions can be drawn about the primary
rock. The plutons clearly post-date the main body of diorite and tonalite and
their map pattern suggests they post-date moticn on the fault zone. In
detall, however, the contact relationships in the field are inconeclusive and
the relative age between the igneous rock and the fault zone 1s uncertain.

Cretaceous trondhjemitic plutons (Kt): Scattered throughout the Knik
River terrane and locally intruding the McBugly Complex are a seriles of small
plutons (areal exposures of about 13 to 20 km") composed of distinctive
leucoceratic igneous rocks. Lithologically, the Cretaceous plutons are
characterized by compositions varying from tonalite to trondhjemite but a
rock with a low color index (less than 20) 1s characteristic; that 1s, most
are leuco-tonalites or trondhjemites. The vocks appear to be devoid of
K-feldspar. Plagioclase, however, has low refractive indices suggesting sodic

- 14 -



end members (albite or oligoclase), In darker phases, quartz contents are
generally less than 20 percent and pale green hornblende 1s the dominant (or
only) mafic phase. With decreasing color index, however, hormblende decreases
relative to blotite and hormblende is generally absent in rocks with less
than about 15 percent mafics. Some leucocratic rocks (color index less than
about 10) also carry white mica but 1t 1s generally unclear if the mica 1is
primary or secondary. At two localities (S's sec. 7 and EX% sec. L, T. 17 N.,
R. 4 E.) the rocks also contained garnet. Both garnet bearing rocks are
virtually devold of other mafic phases.

The composicicnal variations of the Cretaceous plutons tend to be grada-
tional and most do not appear to be related to wmultiple intrusive phases.
Indeed, some of the compositional variations may be due to assimilation as
the tonalites generally occur near the margins of the bodies whereas the
trondhjemites occur near the center of large plutons. The plutons appear to
have cooled rapidly because contact metamorphic effects tend to be limited.
The Cretaceous plutons are, however, characterized by a pronounced hydro-
thermal alteration with ubiquitous alteration of feldspar to sericite, bilo-
tite to chlorite + prehnite * zeolites, and hornblende to chlorite and epi-
dote. The intensity of this alteration is highly variable and in some areas
there 18 evidence of more than one generation of mineral growth. Texturally,
the Cretaceous plutons are all characterized by primary hypidiomorphic )
granular textures produced by euhedral hornblende (in tonalites) and sub- '
hedral plaglioclase grown wich anhedral quartz. [n many of the rocks quartz
grains contain deformation bands and (or) sub-grain mosaics; an observation
suggesting that the rocks have been ductilely deformed. The magnitude of this
ductile deformation 1is apparently minor however, because the rocks are
generally not foliated and the plutonic rocks cross-cut the deformational
fabrics of their country rock;, that 1s, they are not concordant plutons. A
weak pneissic banding was recognized along the northern margin of a pluton in
upper Wolverine Creek but the foliated rocks are restricted to a complex
injection zone; thus, the gneissic bonding could be a product of igneous
flow. Nonetheless, the deformed quartz grains imply that minor ductile
deformation has occurred; either as a result of a distinctly younger event or
deformation immediately following (or during) emplacement of the plutons.

Metamorphism

The Knik River terrane has a polymetamorphic history that is only
partially understood. Three distinct metamorphic 'events' can be recognized
through mineral assemblages and cross-cutting relationships: a) a regional
greenschist to amphibolite facles metamorphlc event (or events); b) a
younger, retrograde event (or events) with effects localized along faults;
and ¢) minor contact metamorphism adjacent to Cretaceous plutons. The effects
of all three events in the eastern half of the quadrangle have been described
in some detail (Pavlis, 1983), and a detailed study of the regional
metamorphism i3 in progress (M. Serfes, Lehigh Univ. M.S. thesis, in prep.).
Thus, the descriptions here are simply a summary of previous observations and
generalities of the areal variations in metamorphic grade.

Regional metamorphism: The regional metamorphism is the oldest event 1In
the Knik River terrane. In the northern half of the terrane the metamorphism
1s older than, or associaced with, the emplacement of the Jurassic plutonic




complex but im the southern half of the terrane K-Ar ages are Cretaceous and
the only minimum age constraint is provided by Cretaceous plutons (Pavlis,
1983). This relationship, together with other arguments, leads to the
possibility that both Crectaceous and Jurassic (or older) metamorphic events
have affected the Knik River terrane. However, because the regional
metamorphism appears to be relatively homogeneous throughout the quadrangle,
the mecamorphism ig described below as 1f ir were a single event, -
Alternatives are discussed in the last section of this report.

Regional metamorphic assemblages imply a general increase in metamorphic
grade from southwest to northeast. The lowest grade rocks are exposed in the
Jim Creek area where mafic rocks (unit JPg) contain chlorite + actinolite +
epidote + albite + opaques, and metamarphosed chert and argillite (unit JPca)
contaln chlorite + fine-grained biotite * white mica. The presence of
actinolite in mafie rocks suggests the greenschist facles and the presence of
biotite in pelitic rocks implies at least middle greenschist facies
conditions (Turner, 1981). However, cthe presence of chlorite and the absence
of garnet In pelitic rocks, together with the occurrence of albite in mafic
rocks, further suggesecs that cemperatures were below the greenschist-
amphibolite facles transition (as defined by Turmer, 1981). Thus, in the Jim
Creek area the metamorphic peak would appear to have been at middle to upper
greenschist facies.

North and east of the Jim Creek area, the metamorphic rocks are
characterized by mineral assemblages indicative of the lower amphibolite
facles or the greenschist~amphibolite facies transition (classification of
Turner, 1981). The exact boundary between greenschist and amphibolite facies
rocks has not been accurately mapped but the approximate limit of greenschist
assemblages 1s a north-socuth line between the centers of secs. 6 and 7, T. 17
N., R. 4 E. (pl. ). East of that line the rocks contain a relatively uniform
mineral assemblage including*: 1) hb = olig/ and + op * ep * chl * qtz (mafic
rocks); 2) hb + bi + olig + gn + qtz (brown schists -- metagraywackes(?)); 3)
bl + gtz + wu + gn * plag (pelitic rocks); and 4) a wide variety of
calc-silicate assemblages including wollastonite bearing assemblages and
ubiquitous diopside, garnec (presumably grossular), and amphibole (see
Pavlils, 1983 for details). These assemblages are typical of the lower
amphibolite faciles, or greenschist-amphibolite facles transition as defined
by Turner (1981). The author originally proposed (Pavlis, 1983) that much of
the Knilk River rerrane was nmetamorphosed at the greenschist-amphibolite
facles transition because albite occurred in some mafic rocks whereas
plagioclase was oligoclase or andesime in most quartzo~feldspathic rocks.
Subsequent work (M., Serfes, Lehigh Univ. M.S. thesis, in prep.) suggests that
albite 18 rare in most of the Knik River terrane and that plagioclase is

{

1abbteviations-—-hb = hornblende, olig = oligoclase, op = opaques, ep =
epidote, chl = chlorite, qtz = quartz, bi = bilotite, gn = garnet, mu =
mugcovite, and = andesine.

typically oligoclase or andesine, even in mafic rocks. Thus, although
critical assemblages defining the amphibolite facies (for example, pelitic
asgemblages contalning staurolite or cordierite) are not present (presumably
because of bulk composition) the bulk of the Knik River terrane was probably
metamorphosed at lower amphibolire facies conditilons.



Retrograde metamorphism along faults: Superimposed upon the regiomnal
metamorphic rocks and the Jurassic plutonic complex are low-grade metamorphic
assemblages that were apparently produced by hydrothermal circulation along
faults. The major effects of this event (or events) are largely limited to
the core of fault zones where alteration and cataclasis generally combine to
obliterate evidence of original lithology (unit cg). These intense alteration
zones, however, are generally surrounded by a broad halo of veining and
asgociated growth of low-grade minerals., The hydrothermal circulation was
clearly synchronous with movement on the fault zones as veins show mutual
cross—cutting relationships with slickensided surfaces. Mineral assemblages
characterizing the alteration are chlorite + epidote * quartz, prehnite *
quartz, and serpentine (in ultramafic rocks). Because these assemblages are
retrograde minerals produced in a chemically open system they are of marginal
use in characterizing temperature conditions during faulting. Nonetheless,
the presence of prehnite implies that temperatures were relatively low (less
than 400°C) and the fluids were low inm CO. (H. Winkler, 1979).

Contact metamorphism: Aside from altération aloung the youngest faults
(see descriptions below), the voungest metamorphic event is a highly
localized contact metamorphism adjacent to Cretaceous plutons. In most of the
Knik River terrane the magnitude of this event 1s obscure because the plutons
invade rocks which were previously metamorphosed at moderate temperatures.
Locally, however, the plutons cut low-grade rocks; for example, the pluton in
upper Jim Creek cuts greenschists and a post-metamorphic fault, and in upper
Carpenter Creek a pluton cuts rocks of the Chugach terrane. In these areas
obvious contact metamorphic effects were limited to narrow halos from 5 to 50
m in width. This observarion, cogether with the ubiquitous hydrothermal
alteratlon of the Cretaceous plutons implies that the plutons were cooled
largely by convective fluids.

ROCKS OF UNCERTAIN AFFINITY

Along Jim Creek, structural complexities of Tertiary faulting (discussed
below) combined with the vrelatively low metamorphic grade of rocks in the
adjacent Knik River terrane leads to local confusion on the position of the
Knik River - Chugach terrane boundary. That is, distinguishing greenschisrt,
meta-cherts, and meta-argillites of the Knik River terrane from greenstones,
graywackes, chert, and argillite of the McHugh Complex is nearly impossible
from field observations alone. BRecause of this problem two units of uncertain
affinity (JKmx and JKca) were mapped along the cerrane boundary.

Foliated chert and argillite (KJca)

Much of the area In the headwaters of Jim Creek 1s underlain by a slab
of foliated meta-cherts and argillite. The slab is bounded on the norch by a
nearly vertical fault and on the south by a steeply north-dipping fault. The
rocks have a well developed metamorphic foliation, show tight isoclinal
folds, and weather to a reddish-brown color. The argillaceous rocks also
contain biotite and phengite suggesting regional metamorphism at greenschist
facies. These characteristics are similar to the meta-chert and argillite of
the Knik River terrane (unit ca). The rocks in upper Jim Creek (unit KJca),
however, do not appear to contain marble---a common lithology north of Jim
Creek (unit ca), In addition, the metamorphic foliation in the KJca unit
appears to vary in intensity, a feature more typical of foliated meta-
sedimentary rocks of the McHugh Complex.
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Mixed rocks of uncertain association (KJmx)

Along the northern slopes of Jim Creek is a sequence of rocks which show
a structural style typical of much of the McHugh Complex but which is
composed of diverse lithologies, some of which are more typical of the Knik
River terrane. Lithologiceally this mixed unit 1s variable but is
characterized by greenstone with some graywacke. Dark unfoliated to weakly
foliared argillite, with or without gray chert, is generally present but is
not sufficienrly abundant to be considered a matrix for greenstone 'blocks.'
These lithologies, together with local occurrences of both red mudstone and
graywacke with argillite clasts, are typical of the McHugh Complex; yec,
foliated greenschists, carbonates, and red-weathering cherts—-—common
lithologies of the Knik River terrane~--are present within the unit. Thus,
the unit is best described as a unit of mixed structural/lithologic
association,

CHUGACH TERRANE
DIVISION INTO SUB-TERRANES

Rocks belonging to the Chugach terrane are exposed throughout the
southeast 1/3 of the quadrangle. In the C-5 Quadrangle the Chugach cterrane 1g
readlly divided into two subterranes: a) an older (Early Cretaceous or older}
chaotic unlt adjacent to the Knik River terrane--—-the McHugh Complex of Clark
(1973); and b) a younger (Campanion-Maastrichtian), deformed flysch
sequence~-—the Valdez Group (Pavlis, 1982b; Tysdal and Plafker, 1978).

Regionally, the Valdez Group and McHugh Complex are not always easily
distinguished (Plafker and others, 1977) but in the C-5 Quadrangle the two
subterranes are easlly distinguished on the basls of three major
characteristics:

1) Metamorphosed graywackes and argillites of the Valdez Group are
foliated whereas similar lithologies in the McHugh Complex are generally
unfoliated and show mesoscopic structural disruption by faules.

2) In the C-5 Quadrangle the Valdez Group 1s devoild of greenstones
and chert is extremely rare. The McHugh Complex, in contrast, contailns
abundant chert and greensctone.

3) The Valdez Group is foliated producing a rock that is easily
shattered by froest acticn, thus talus slopes cover much of the
exposure. The McHugh Complex, however, is extremely resistant and
forms craggy slopes that dare too steep to retain talus cover.

MELANGE SUB-TERRANE OF CHUCACH TERRANE

Overall Lithology and General Features of the McHugh Complex

In che C~5 Quadrangle rocks of the McHugh Complex are exposed along che
bigh ridge north of Friday Creek and along the south bank of the north fork
of Friday Creek. Graywacke and greenstone probably constitutes 75 percent or
more of Mchugh Complex exposures. The remainder of the McHugh Complex is
composed of dark argillite with lesser amounts of chert, limestone, and
exotic blocks of metazmorphic rock.

Graywacke probably represents the most abundant litholeogy in the McHugh
Complex. A typical graywacke in the complex is a fine to medium graimed,
poorly sorted sandstone which shows no obvious bedding in ouccrop. In thin

- 18 -



sectlon quartz and plagioclase appear to be the main clasts but original
lithic fragments have now been largely obscured by deformation and
metamorphism. Coarse grained clastic rocks ranging from pebbly sandstome to
cobble conglomerate have also been recognized locally. In these
conglomerates argillite rip-ups are the dominant clast with lesser amounts of
hornblende diorite, metachert, and metavolcanic rock. These conglomerates
are gignificant because: 1) they clearly indicate that many, Lf not all, of
the McHugh graywackes were deposited on, or below, a steep slope along which
submarine debris flows picked up the argillice clasts; and 2) rocks now
exposed north of the Border Ranges faulec must have been exposed along, or
close to, the slope gince cobbles of hornblende diorite are now incorporated
into the conglomerates.,

Greenstones are nearly equal in abundance to the graywackes and occur as
both massive units and green, fine-grained, clastic material interspersed
with dark argillite. The latter are almost certainly pyroclastic sediments
interspersed with cthe argillices. The latter are almost certainly
pyroclastic sediments interspersed with the argillited. The former are
magssive, fine grained, green oxr blue-green rocks which generally show neither
primary igneous textures nor a pronounced deformational fabriec. In thin
sectlion, however, most show textures suggestive of a fine grained volcanic
protolith and at a few localities plllow structures and pillow breccias were
observed. Thus, the massive greenstones are presumably a sequence of
basaltic(?) volcanic flows and (or) hyperabyssal intrusives, and were
presumably erupted underwater.

Dark gray to black, quartz rich argillite also represents a major
constituent of the McHugh Complex but 1t is less abundant than both graywacke
and greenstone, Argillite occurs throughout the McHugh Complex but is
generally not abundant, occurring as cthin bands and lenses within sheared
rocks. Argillire is cthe major lichology of one unit (Kam), however, where
along with tuffaceous metasedimentary rocks it forms a "melange matrix" for a
lithologically diverse unit. The argillite in the melange unit is unusual ip
that 1t genevrally lacks a foliation suggesting that much of the deformation
observed in that unit (Kam) occurred under soft sediment conditions. The
argillite {s also unusual in that metamorphism ahs welded the rock into a
massive, siliceous unit that forms some of the steepest slopes in the
quadrangle.

The McHugh Complex also contalns a few scattered occurrencesg of exotic
lithologies. In the Jim Creek area, for example, red pelagilc or hemipelagic
mudstones occur within the unit JKmx in lower Jim Creek and on the north bank
of Friday Creek. These occurrences along with both ublquitous chert and
argilliite as well as occasional "exotic" blocks of pelagic(?) limestone are
important because they support a pelagic or hemilpelagic depositional
environment for much of the McHugh Complex (Connelly, 1978). In addition to
these pelagic or hemi-pelagic associations, exotlc blocks of amphibolite,
greenschist, and metasedimentary rocks orruc in the chert and argillite
sequence of upper Carpenter Creek (unit Kam). Individual exotic blocks vary
in size from a few 10's of meters in strike length to mappable masses
surrounded by argillite (e.g. unit JKgs 1in upper Carpenter Creek). These
exotic blocks presumably were derived from the Knik River terrane as the
exotic blocks are broken internally with the intense post-metamorphic
shearing and polishing concentratad along older metamorphic foliation
surfaces.



The McHugh Complex is characterized by 1its structural complexity. In
particular, original stratigraphic continuicty 1s obscure because of struc-
tural disruption and (or) primary deposition as chaotic rocks (for example,
olistostromes). The unit as a whole can therefore be considered a melange,
and(or) broken formatiom (termination of Hsll, 1968). Thus, as in other
melange cowmplexes worldwilde, the rocks are locally sufficiently complex that
mapping at L:1000 would not illustrate the complexity whereas elgsewhere broad
areas of relatively intact, licthologically monotonous rocks are readily shownm
at scales of 1:63,360 or smaller. Alchough the McHugh Complex is lithological-
ly heterogeneous, most of the conscituent lithologies are indistinguishable
from a distance; for example, distinguishing meta-volcanic rocks (green~

stones) from volcanogenic graywacke generally requires the use of a hand
lens.

Map Units

Broken formations and melanges with chaotic fault networks (units Kw,
Kwg, Kmj): Broken formations and melanges in which stratal continuity appears
to have been disrupted largely by complex fault systems are the most abundant
structural units of the McHugh Complex. These rocks are characterized by: a)
ubiquitous faults which show no pronounced preferred orilentation; b) scarcity
of argillite and absence of an argillite 'matrix'; and ¢) structural disrup-~'
tion at a sub-macroscopic scale---that 1s, many 1individual outerops appear to
be 1ntact rock but over distances of about 50-100 m the coherent rock bodies
form a jumble with neither a consistent orilentation nor predictable
lithologlc association. Following Hsll (1968) chese three characteristics sug-
gest that the term block on block melange or broken formation is zppropriate
for these units depending on if the unit is composed of several unlike
lithologles or one litheology respectively.

Rocks with this block on block structural style were divided on the
basls of lithology and structural position into three map units: a) undivided
broken formations of Jim Creek (unit Kmj)---a unit which could be divided at
a larger map scale; b) a graywacke/conglomerate broken formation (unit Kw);
and c) graywacke - greenstone melange (unit Kwg).

Argillite macrix melange (unit Kam): In the eastern 1/3 of the C-=5
Quadrangle a broad belt of structurally ccmplex, argillaceous rocks lies
adjacent to the Knik River terrane. Dark, massive argillite makes up the bulk
of the unit and appears to form a 'melange matrix' for small phacoids and
stringers of chert as well as large blocks (up to several hundred meters im
strike length) of sheared foliated amphibolite and greenstone. One of these
blocks 1s a mappable body of greenschist (unit KJgs) and is described
geparately. The argillites are generally dark gray to black rocks but locally
contain abundant incluslons of green tuffaceous material. The argillites
generally lack an obvious structural fabric despite the fact that the unit
shows evidence of extreme structural complexity including: dismembered
stringers and phacoids of chert, polishing and slickensiding of older ductile
fabrics in amphibolite blocks, and intense shearing of greenstone blocks.

Phyllite and semi-schist (Ks): Penetratively deformed rocks occur only
at sporatic localities within the McBRugh Complex; usually as discrete, narrow
shear zones within more massive units, Aleng the north fork of Friday Creek,
however, penetratively deformed rocks occur as two mappable bands separating
structural units of the McHugh Complex. These follated units, unit Ks, are
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characterized by dark grav or green, fine grained, foliated phyllite and(or)
senmischist. The foliation is generally in part domazinal with small (< ! cm in
length) lensoidal porphyroclasts surrounded by a foliated matrix. In most
rocks it is uvnclear if this texture is inherited from the metamorphic
protolith (that is, pebbly mudstone as a protolith) or if it is due to
intense ductile deformation (that i{s, porphyroclascts in a blastomylonite).
The rocks are clearly highly deformed, however, and mappable as distinct
bands, characteristics not easily explained by a simple pebbly mudstone
protolith. Hence, the rocks probably represent intensely deformed zones
within the McHugh Complex.

Lensoidal rocks (unit K1): Foliated rocks (unit Ks) just south of the
north fork of Friday Creek transition downward to a structural unig wich a
distinct mesoscopic lensoidal fabric (umit K1). Lithologically this unit is
similar to the wacke-greenstone melange unit (Kwg). However, the unit (K1) 1is
structurally distinct in that closely spaced anastomosing fault networks
divide the unit 1into 10 cm to 10 m long phacoids of diverse lithology and
produce a mesoscopically foliated rock.

Greenschist of upper Carpenter Creek (unit KJgs): A large fault bounded
slab of greenschist facies rock is exposed along the Carpenter Creek - Friday
Creek divide, These rocks are similar to the adjacent argillite matrix
melange in that disrupted cherts and non-foliated greenstomes occur as blocks
in a matrix. The matrix in the greenschist, however, is not dark unfoliated !
argillite but is moderately foliated chlorite-muscovite semischist. In
addition, the greenschist is at higher metamorphic grade (greenschist facies)
than the adjacent prehnite-pumpellyite facies rocks. These greenschists are
probably higher grade equivalents of the adjacent argillite matrix melange,
but the rocks could also be a low grade slice of the Knik River terrane.

Metamorphism

Although metamorphic grade is variable in the McHugh Complex, the bulk
of the subterrane appears to have been metamorphosed at sub-greenschist
facies conditions. Prehnite and pumpellyite are recognizable throughout the
complex. Prehnite occurs commonly in meta-graywackes and argillites buct is
rare in metabasites. Pumpellyite {s never abundant but occurs rarely in
meta-graywackes and in some meta-basices. Some meta-basites, however, contain
light green to blue-green actinolite suggesting metamorphism in the
greenschist facles or high temperacure sub-faciles of the prehnite-pumpellyite
facies (Turner, 1981).

FLYSCH SUBTERRANE: VALDEZ GROUP
Map Units

Black phyllites (Kbp): In the C-5 Quadrangle the structural top of the
Valdez Group is occupied by a broad outcrop band (3-5 km wide) of highly
deformed dark phyllites. Lithologically this unit 1s characterized by a muddy
protolith in that meta-graywacke generally makes up less than 30 percent of
the unit and those graywackes which are present are genevally very fine
grained and silty. In addition, the unit locally contains quartz rich layers
that presumably are metachert layers. The argillaceous rocks in thils unit arvre
characterized by a dark gray to black color and & pronounced deformational

- 2] -



fabric. The character of the deformational fabric varies along strikes from a
slaty cleavage in lower Friday Creek to a phyllitic cleavage at the eastern
edge of the quadrangle. The cleavage generally parallels bedding except at
fold hinges. Bedding parallel cleavage is also present in graywackes but is
often poorly developed. Most of the black phyllite unit is relatively
coherent with bedding traceable throughout the outcrop. Locally, however,
bands of mesoscopically disrupted rocks can be traced laterally in the unit.
In these disrupted zones the rocks have a pronounced lensoldal appearance
with small (5-20 cm in length) lenses of fine grained graywacke surrounded by
dark phyllite. Clearly these rocks could originate by deformation of a
diamictite protolith. Many of the lenses, however, are hook shaped and appear
to be isolated fold hinges, thus a disruption by folding and tramsposition of
layering is probably the origin of the lensoidal rocks.

Conglomerate graywacke (Kcg): Two bands of massive conglomeratic
graywackes mark the transition from structurally higher muddy rocks (Kbp) and
structurally lower, more sandy lithologiles (Kfg). The conglomeratic
graywackes are lithologically distinet as massive units of foliated coarse
grained meta-graywacke in which large dark argillite chips are interspersed.
The argillite chips presumably represent argillite rip-up clasts picked up by
turbidity currents. The rocks are now strongly flactened, however, and the
argillite chips occur as thin, wafers along the foliation plane. ,

Flaggy graywacke and argillite (Kfg): At the structurally lowest levels'
of the C-S Quadrangle, the muddy black phyllite units give way to a unit of
interbedded sandstones and shales in which the sandstone to shale ratio is at
least l:1. The scale of the vertical lithologic layering varies from thin
(<-1 cm) laminations to large scale interbedding (> 100 m) of predominantly
sandstone and predominantly shaly units. Because of this variability detailed
study of this unit could undoubtedly separate a number of finer scale units.

Argillites within the unic are indistinguishable from the dark phyllites
of the overlying structural units. The graywackes are clearly metamorphosed
clastic rocks and locally are coarse grained and counglomeratic. The
graywackes are distinctive, however, in that they contain an intense, layer
parallel cleavage producing a flaggy rock which weathers to produce platy
talus slopes. The cleavage Iin these flaggy graywackes is largely a domainal
rough cleavage and presumablv was produced by pressure solution.

STRUCTURAL GEOLOGY

The geologic structure of the C-5 Quadrangle 1s complex and many details
of structural relationships may never be fully understood because of
superposition of structures. Age constraints and limitatlons are considered
in detail Iin the discussion of geologic history. In this section terrane
boundary structure and the internal structure of individual terranes are
described and apparent relative chronologies are considered. The descriptions
progress from rocks at the structurally highest level (Peninsular terrane) to
structurally lowest (Valdez Group subterrane of Chugach terrane).

PENINSULAR TERRANE

Aside from its faulted southern margin (northern Chugach fault zone),
the Peninsular terrane is relatively intact. The character, and possibly cthe
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age, of major structural features change, however, from basement to cover
rocks.

The extent of middle Mesozoic deformation in the cover rocks cannot be
resolved in the C-5 Quadrangle because the only pre-Late Cretaceous rocks
exposed are volcanic rocks of the Talkeetna Formation. Deformation of Late
Cretaceous and Early Tertiary rocks, however, document significant Tertiary
deformation. The major Tertiary structures of the Matanuska Valley are
east-northeast striking, high-angle faults and a series of upright open to
moderately tight, folds with east-northeast trending axes (Barnes, 1962). The
fold axes parallel the treand of the Matanuska Valley and two major high angle
fault systems: the Castle Mountain fault and an uvnnamed fault exposed along
the lower Matanuska River (Barmes, 1962). The former lies a few km north of
the C-5 Quadrangle but the latter is exposed within the quadrangle along the
gsouth side of the Matanuska River. The folding occurred in latest Eocene or
early Oligocene time (Barnes and Payne, 1956). The age of the east-northeast
trending high-angle faults is more poorly constrained. It would appear from
regional evidence, however, that they have a long history of movement,
including some Neogene displacement and local Quaternary slip (Barnes, 1962;
Detterman and others, 1976; Bruhn, 1979; Bruhn and Pavlis, 1981). The Neogene
history of the Matanuska Valley is complex but appears to have been dominaced
by north-~norchwest shortening along a conjugate get of northeast and i
northwest striking cranscurrent faults as well as dip slip along the !
east~northeast trending high angle faults (Bruhn and Pavlis, 1981).

The Chickaloon Formation uncenformably overlies the Talkeetna Formation
in the northeast corner of the quadrangle, but west of Carpenter Creek the
contact 1s almost certainly a high angle fault following the Chugach Mountain
front. A fault is suggested because a simple north-dipping section of
Chickaloon Formation along the mountain front cannot be accommodated in cross
section and still be consistent with mapped bedding attitudes and rock
distributions (see sections AA' and BB', pl. 1).

Immediately south of the Chugach Mountains the Jurassic igneous rocks
appear to be relatively intact in that no major fault zones have been
recognized and observable brittle deformation 1s limited to scattered
slickensided surfaces with insignificant offsets. This belt of intact rocks
extends for about 3 km south of the mountain front and appears to have been
tilted northward as a large block. Evidence for this conclusion includes: a
consistent moderate to steep, north dip of bedded rocks (Talkeetna and -~
Chickalcon Formations) along the mountairn front; and the north to south
progressive iIncrease in the grain size of plutonic rocks within the belt. The
latter observation is particularly significant In that 1t suggests deeper
structural levels to the south and is consistent with the regional tilting of
a plutonic complex (unit Jpt) and its coeval volcanic cover (Talkeetna
Formation).

KNIK RIVER TERRANE
Faulting
General characteristics, age relationships, and terminology: Along and
south of the northern Chugach fault zone, the Knik River terrane and the

southern edge of the Peninsular terrame are pervaded by high angle northeast
striking faults of the Border Ramges fault system. The faults vary in scale
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from discrete faults with displacement of a few centimeters to major,
mappable structures that separate disparate rock types and presumably have
large displacements. Many of the mappable faults show narrow zones of
cataclasis (<50m wide) and appear as discrete faults at a scale of 1:63,360.
Elsewhere, however, broad fault zomes up to | km wide are mappable as bands
of altered cataclastic rock (units cg and sm).

Most of the broad zones of alteration and cataclasis are concentrated
along the Knik River - Peninsular terrane boundary where a braided network of
cataclastic zones form a 3-4 km wide band of faulting. Included in this group
of faults are: a) the northern Chugach fault zone: b) a fault extending from
the western edge of the quadrangle (SW% sec. 35, T. I8 N., R. 3 E.) to just
east of Wolverine Creek where it probably joins the northern Chugach fault
zone; and ¢) a broad fault zone within Peninsular terrane rocks (traceable
from NE¥% sec. 2, T. 18 N., R, 4 E, to NW% sec. 31, T. 19 N., R. 5 E.) which
branches from the northern Chugach fault zone. These faults all appear to be
characterized by moderate (40-70°) northwest dips and presumably represent a
transitional structural contact. The age of faulting and sense(s) of motion,
however, is poorly constrained by cthe field relationships.

South of the northern Chugach fault system, the Knik River terrane is
affected by at least two separate episodes of faulting. Many of the mappable
faulcs within the Knik River terrane strike northeasc (030-070) and dip to
the northwest at a moderate angle (45-70°). At three localities (pl. 1) !
northwest dipping faults are cut by trondhjemitic plutons (Kt), and 1in upper
Carpenter Creek a trondhjemitic pluton appears to cross-cut a northwest
dipping fault between crystalline rocks and the McHugh Complex (shown by
Paviis, 1983 as the Border Range fault). Hence,at least some of the faulting
along the Border Ranges fault system———presumaLly the northwest dipping
faults--~are older than the trondhjemitic plutons. In contrast, other faults
within che Knik River terrane cut the trondhjemitic plutons. Where age
relationships are recognized, however, these younger faults are characterized
by east-north easterly strikes (060 to 090) and near vertical dips (70-90
north or south). In addition, all of the recognizable younger faults are
marked by relatively narrow fault zones (o few meters wide) whereas northwest
dipping faults (presumablv belonging to the 'older' generation) are often
broad (nearly | km wide) shear zones.

In contrast to rocks near the northern Chugach fault zone, most of the
northwest dipping faults in the southern hali of the Knik Rlver terrane
appear to be marked by relatively narrow (less than about 50 m wide)
cataclastic zones. This southern belt of less intense cataclasis 1is bounded
to the north, however, by a broad fault zone traceable across cross—cutting
plutons from upper Jim Creek to just north of the Wolverine ultramafic
complex. At this point (NW sec. 19, T. 18 N., R. 5 E.) the fault zone merges
with a northwest dipping cataclastic zone that branches from the northern
Chugach fault system and to the northeast the zones splay into a complex
anastomosing fault system (for example, faulting in sec. 3, 4, and 9, T. 18
N., R. 5 E.). This complex fault system corresponds to the 'southern
disrupted zone' described by Pavlis (1982b). This faulr system probably
includes faults of both the older and younger generation but 1s important in
that 1s separates two distinct lithologic belts: a 'plutonic subterrane’ on
the north and a southern 'mecamorphic subterrane' (fig. 1). The former is
characterized by both abundant, intermediate to mafic plutoniec rocks and
earliest Jurassic (190-195 Ma) hornblende K-Ar ages. In the latter, however,
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hornblende K-Ar ages range from latest Jurassic to middle Cretaceous (135-107
Ma); the only plutomic rocks appear tc be trondhjemitic (Kt and probable
related rocks — JKd); and a wide range of metamorphic rocks, including alpine
ultramafics, characterize the belt. These relationships suggest that the
metamorphic subterrane could be distinet from the remainder of the Knik River
terrane and the subterrane boundary could represent a major structural
contact (i.e. the "real" Peninsular-Chugach Terrane boundary).

Younger Faulting: Younger (post-Jurassic) rocks are minor or absent in
the plutonic subterrane (fig. 1); thus, the extent of younger faulcting
throughout the C-5 quadrangle is uncertain. In the southern half of the Knik
River terrane, however, and extending into the Chugach terrane, a system of
younger, high angle faults can be recognized (fig. 2 and pl. 1) including: a)
a pnear vertical, northeast striking fault traceable across the quadrangle
from the lower Jim creek through upper Carpenter Creek; b) two nearly
parallel, approximately east-west striking faults in upper Jim Creek; and c)
a northeast striking faulc traceable from near the Knik River, along the
north canyon wall of Friday Creek, and presumably extending across the
quadrangle along the north fork of Friday Creek. The east-west striking
faults of upper Jim Creek locally form the Knik River - Chugach terrane
boundary. Similarly, the fault in upper Friday Creek offsets the McHugh -
Valdez contact and therefore 1s technically the Eagle River fault despite the
obvious polygenetic relaticnship. The absolute age of the younger faults 1is
not well constrained but if one assumes they are all of the same age they are
certainly younger than the trondhjemitic platons and are presumably younger
than the Eagle River faulc (a latest Cretaceocus or Paleocene structure
according to Plafker and others, 1977). A minimum age indicator for the high
angle faulets is not present and it 1s possible that the faults have Neogene
displacements,

Sense of moction: The sense of motion on all of the faults in the Knik
River and Peninsular terranes is poorly constrained. Major amounts of thrust
displacement apparently occurred along the Border Ranges fault system when
the McHugh Complex was emplaced beneath the Peninsular terrane (MacKevett and
Platker, 1974) but the question of what structures were produced during that
event cannot be answered unequivocally. Nonetheless, many of the faults in
the plutonic subterrane, the northern Chugach fault zone, the Knik River -
Chugach terrane boundary in upper Carpenter Creek, and many of the smaller
faults in the Knik River terrane form an anastomosing sec of
northwest-dipping fault zones; some of which are clearly older than mid-Early
Cretaceous. This relationship, together with regilonal observations, led the
author (Pavlis, 1982b) to conclude that much of the northwest dipping faults
were related to underthrusting along the Border Ranges fault and the work
reported on here is consistent with that conclusion. Nonetheless, as
discussed below, the Mesozoic system could be more complex.

The sense of motion on younger faults is also uncertain but their near
vertical dip implies strike-slip faulting. This implication is supported by
an apparent 6 km, right lateral offset of the Eagle River fault across the
high angle fault in lower Triday Creek. Thils apparent offset could occur by
dip-slip (south side downthrown), right lateral strike-slip, or a complex net
slip. The vertical faults 1n the Jim Creek area, however, are characterized
by east-northeast striking (070-075) throughgoing structures connected by
east-west striking faults (fig. 2). The 15° angle of intersection is thac
predicted by Tchalenko (1970) for an east-northeast striking master fault and
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secondary east-west striking riedel shears along a right-lateral, strike slip
fault system. In addition, the narrow outcrop width of the McHugh Complex is
difficult to reconcile by dip-slip faulting with the south side downthrown
because this sense of displacement should broaden the outcrop width of the
McHugh Complex, not narrow it. Obviously, these relationships are not
unequivocal but they suggest rthe younger faults originaced as a right lateral
strike-slip system; although subsequent dip-slip displacement (either south
or north side downthrown) cannot be ruled out.

Pre-faulting structures

Reconstruction of the structural chronology prior to the disruption of
the Knik River terrane is difficult because the original relationship between
individual fault bounded slabs cannot be clearly resolved. The rocks could,
for example, be of diverse origins from widely scattered localities and have
been juxtaposed by faulting, or they could be rocks which have long been in
close proximity and have been simply shuffled during the faulting, Pavlis
(1982a, 1983) discussed this problem in detail and concluded that the latter
1s most in line with the available data. The new mapping provides some new
insight into this problem but the precise age relationships and original
assoclation of the various slabs of che Knik River terrane still remain open
to debate.

Metamorphic rocks of the Knik River terrane carry a variety of
structural styles which appear to be dependent on lithology and structural
position. Based on a qualitacive judgement of the observed character of the
structural fabric, the metamorphic rocks of the Knik River terrane can be
divided into four major structural domains (fig. 3):

Domain I: Domain I includes the bulk of the foliated metamorphic rocks
in the Knik River terrane and includes rocks metamorphosed from greenschist
to amphibolite facies. Domain T is characterized by rocks with a moderate to
.strong mecamorphic foliation (S,) that is relatively planar on a mesoscopic
scale (fig. 4). On a macroscopic scale, rocks of Domain I generally show a
very open folding or heterogeneity of S, (fig. 4) but the foliation is
relatively consistent in orilentation over large areas (pl. l). The mesoscopic
follation is defined by weak to moderate preferred orientation of micas and
amphibole, lithologic layering, and in some meta-sedimentary rocks by tralls
of opaque minerals., Some rocks also show a nearly down-dip lineation (fig. 4)
defined by elongate amphiboles, dimensional preferred orientation of grains,
or both. Where lithologic layering is a prominent feature of the foliation it
-can generally be shown to be the product of isoclinal folding and resulting
transposition of original bedding (?) into the foliation plane. Mesoscopic
isoclinal folds (fig. 3) were observed in quartz rich mica schists (units
JPq, JPgs, and JPca) and probably represent tight folding of original bedding
in chert and argillite. Mesoscopic folds were not recognized, however, in
either mafic schists (JPa and JPg) or quartzofeldspathic schist (JPbs),
presumably due to poor layering in the protolith. The intensity of the
follation varies reglomally but is most intense in the metasedimentary units
and weakest in mafic rocks. In addition, the mafic rocks show considerable
mesoscopic variability in the intensity of the structural fabric with
strongly foliated bands a few meteys thick interspersed with relatively
massive greenstone~amphibolite. This mesoscopic variabiliety inm wmafic rocks 1is
not restricted to low grade rocks but occurs at all metamorphic grades.
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Domain fI: Rocks of Domain IT occur only locally and in some cases grade
into structural styles typical of Domain I. Domain II 1s characterized by
rocks with a wain phase ctectonic fabric (S,) that is indistinguishable from
rocks in Domain I. Domaln II rocks, however, show varlable effects of an open
to tight mesoscopic folding of S, structural fabrics. These second phase
‘folds are generally approximately similar style folds (fig. 5) but the folds
are not associated with an axial planar follation.

Domain IIT: Domain III includes the map unit JPrm, a small area of
quartz rich mica schists in upper Wolverine Creek, and part of unit g along
the lower Jim Creek-Wolverine Creek divide. Rocks in Domain IIT are
characterized by mesoscoplc to macroscopic lensoidal structural fabrics. Most
of the rocks are characterized by undeformed to mildly deformed blocks of
meta-chert, meta-basalt, and meta-gabbro floating in a foliated matrix of
dark phyllite (fig. 5). In the Jim Creek area, however, argillaceous rocks
are subordinate and probably do not constitute a true matrix. The foliation
in the phyllite matrix 1is generally domalnal and 1s defined by bands of
opaque minerals and flattened graius. This foliation 1s, 1in turn, overprinted
by growth of post-kinematic micas and amphiboles (see Pavlis, 1983, fig. 8).
These observations suggest that the foliation originated as a low grade slaty
or phyllitic cleavage which was subsequently overprinted by post—kinematic
growth of higher grade minerals.

Domain IV: Rocks of Domain IV include the two major ultramafic bodies o%
the Wolverine Complex and the body of layered gabbro exposed in lower Jim
Creek. Aslde from lithology, rocks of Domaln IV are structurally distinct in
‘that the bodles are not penetratively deformed. Indeed, penetrative
deformation 1is limicted to two forms: serpentine schists in narrow shear zones
within the ultramafic bodies, and tectonite ultramafic rocks along the
southeast margin of the largest ultramafic body. The latter are assoclated
with isoclinal folding of chromite or pyroxene-rich bands and clearly were
formed under high temperature conditions that pre-dated the upper greenschist
facies metamorphism of the uvltramafic complexes. The serpentine schists, i1in
contrast, could be associated with syn-metamorphic shearing within the
ultramafic masses. The exact relatiounship cannot be clearly established,
however, because the metamorphic mineral growth within the shear zones is
distinct from that in the undeformed portions of the ultramafic masses; that
is, serpentine {(antigorite?) in shear zones and chlorite + tremolite % talc 2
calcite in undeformed rocks. Serpentine is not incompatible with chlorite,
tremolite, talc, and calclte particularly in a chemically open system
(Winkler, 1979). Nonetheless, because serpentine is unstable in the
amphibolite facies (Turner, 1981) the absence of serpentine in undeformed
rocks could mean that the metamorphic peak was an amphibolite facies event
that occurred prior to shearing at greenschist (or lower grade) conditions.
Sheared serpentinites along the margins of the ultramafic masses further
suggest this possibility. Nonetheless, field relationships neither confirm
nor deny an age distinction between serpentine schists and metamorphic
assemblages within the ultramafic complexes, and only very detailed studies
of the shear zones will resolve che question.
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CHUGACH TERRANE
McHugh Complex

The McHugh Complex as a whole is a structurally incoherent unit and is
made up of diverse lithologies, hence the unit as a whole can be considered
as a melange terrane (Plafker and others, 1977). Alternatively, since large
areas are composed of a single lithology (for example, unit Kw), the McHugh
Complex mighr better be termed a series of graywacke, greenstone, and
argillacecus broken formations which are locally mixed to form melange
‘sequences (after cterminology of Hsil, 1968),

The disruption of the McHugh Complex varies in scale from the
microscoplc level to large scale mixlng of lithologies, and probably
originated frowm a complex history of superimposed processes. Nonetheless, the
most obvious structures are complex fault networks and (or) veins suggesting
that much of the strain was produced by brittle processes. With the exception
of rocks in the 'lensoidal melange (unit Klm)' the faulting is seemingly
chaotic with complex arrays of faults in apparently random arrangement. In
addition to faulting, veining---locally intense--—is an important
nanifestation of the brictle strain. The age of the veining relative to the
faulting is not clear but some assoclation seems likely. The veilns themselve
are wostly f£1lled with quartz but some contain calcite. The veilning occurs i
two forms: a) as narrow, throughgoing veins that are clearly relatively young
features; and b) variably spaced vein networks which commonly pervade the
rock in a complex fashion. The veining occurs in all lithologies but appears
to be most significant in meta-chert and argillite where closely spaced velns
commonly cut small scale folds. Thus, the veining in cherts and argillites
would appear to be relatively young in the deformational history. This
relative chronology cannoc be established in graywacke and greenstomne,
however, because mesoscopic folding is not obvious.

In addition to the pervasive brittle deformation, parts of the McHugh
Complex also show evidence of ductile deformation. Ductile deformation is
indicated by two distincr forms: a) occurrences of schistose rocks (uniz Ks);
and b) complex folding in cherts and argillites.

The schistose rocks (unit Ks) show extensive evidence of penecrrative
deformacion including: fine grained quartz with seriate grain boundaries,
marked preferred orientation of chlorite and (or) white mica, dimensional
preferred orientation of some grains, and local occurrence of rocks with a
blasto-mylonitic texture 1n which porphyroclasts floac in a foliated, fine
grained matrix. These foliated rocks are generally restricted to narrow
bands, some of which are mappable (pl. l). The coatinuity of the bands of
foliated rocks within a complex which lacks a foliation implies that the
schistose rocks probably represent ductile shear zones within the complex.

The syn-metamorphic deformation of foliated rocks (unit Ks and unmapped
equivalents) 1s in marked contrast to the complex folding in argillaceous
rocks (for example, much of unit Kam) where much of the deformation appears
to be pre-metamorphic. In these rocks, bands of chert a2nd (or) tuffaceous
material are generally deformed into tight, disharmonic folds. Many of the
folds are rootless and float in an argillite mass. The significant features
of the folds, however, is that they typically are not associated with a
distinct metamorphic fabric but rathexr float imn a weakly foliated or
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unfoliated argillite matrix. This observation suggests that this disharmonic
folding recoxrds a soft sediment deformation; either a deformation associated

with sub-marine slumping, tectonic deformation of unlithified sediments, or
both.

Valdez Group

The Valdez Group contrasts markedly with other rock sequences in the C-5
Quadrangle in that it shows litcle evidence of brittle deformation., Instead,
the rocks are characterized by penetrative structural fabrics that record two
major deformational events. The tirst phase (D,) apparently led to an
Imbrication of the original stratigraphic succéssion and produced an intense,
dominantly bedding-parallel cleavage. The secoud phase (D,)} led to open
folding of D, structures and was associated with formation of one, and
locally two, generations of crenulation cleavage,

Main phase (D,) structures: The most obvious structural feature of the
Valdez Group is a pronounced planar fabric (§,) that generally parallels
sedimentary bedding (S.). This scructural fabric (S,) is generally
penetrative to the microscopic¢ scale and records the finite strain from the
earliest recognized deformation of the Valdez Group. In argillaceous rocks §
varles from a slaty to phyllitic cleavage but secondary mineral growth is
rarely visible in hand specimen. In some graywackes this cleavage is
mesoscopically spaced (textural zone 2A of Bishop's [1972] classification)
and often is formed at a moderate angle to bedding. In other areas (unit
Kfg), however, the cleavage is penetrative to microscopic levels (T2B of
Bishop, 1972) and parallels bedding. In the latter, examination of thin
sections show that the cleavage is defined by dimensional preferred
orlientation of sand grains, secondary growth of very fine grained chlorite
and (or) white mica, and anastomosing whisps of argillaceous material
(presumably a product of pressure solution). On a macroscopic scale there is
a crude geographilc variation in cleavage development within the guadrangle,
Specifically, in the western half of the quadrangle, argillaceocus rocks are
mostly slates and graywackes are T2A (Bishop, 1972, classification) whereas
to the east phyllites and T2B metagraywackes are dominant. The significance
of this observation 1is unclear but may indicate a slight increase in
metamorphic grade to the east.

Although no attempt was made to quantify the finite strain, it seems
clear that most of cthe rocks have experienced stralns in the flattening
field. This conclusion is evidenced by two observations: a) lineations (other
than intersections) are only sporatically developed and where present, the
lineation is usually weak; and b) in conglomeratic rocks deformed pebbles
show no evidence of stretching---an observation exemplified by unit Kcg where
argillite clasts are flattened Into equant wafers along the foliation plane.

Mesoscopic folds associated with the main phase cleavage (S,) were
rarely obsexved. This observation could mean that the folds are extremely
tight isoclines and simply were not recognized. That conclusion seems ad hoc,
however, because exposure is generally excellent. Thus, it seems likely that
mesoscoplc folding is generally rct a significant manifestation of D1 in most
of the rocks.

Despite the apparent scarcicty of mesoscopic folds, the Valdez Group is
locally characterized by mesoscoplc stratal disruption (fig. 6) that appears
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to be the product of transposition by isoclinal folding. The sctratally
disrupted rocks, however, are limited to thin (10-30 m in structural
thickness) bands which lie between rocks with intact bedding. Some of these
bands could be interbeds of diamictite but most show evidence that stratal
disruption occurred, at least in part, by tight folding and transposition of
layering. This evidence includes: a) general lack of 'exotic' lithologies,
and b) development of hook-shaped lenses (fig, 6)-—-a typlcal transposition
structure,

The macroscopic D, structure of the Valdez Group is debatable, but in
the C-5 Quadrangle it sSeems clear that the overall structure 1s characterized
by a series of coherent packets bounded by shear zones in which strains are
high and bedding iz transposed into folilation (fig. 7). These shear zones are
presumably thrusts. The principal evidence supporting this conclusion include
the following. First, although the parallelism of cleavage (S,) and bedding
(SO) implies isoclinal folding (Pavlis, 1982a), there is little evidence of
regional overturning. Admictedly, in this area most younging indicators are
ambiguous because of strain but where observed, they typically record upright
bedding. Second, in two localities structures like those in figure 7 can be
clearly outlined in the field. Third, this type of imbricate structure is
developing today where thick sedimentary prisms enter a trench (for example,
White, 1982 or Snavely and others, 1980) and thus the interpretation is
‘actualistic.

This macroscopic structural interpretation is significant because a
consideration of main phase cleavage (S,) characteristies vs. structural
position has an important implication to the structural history.
Specifically, the character of S, does not change significantly through the
zones of stratal distuptionm; tha% is, the fabric appears to be a flattening
fabric because no obvious lineation is developed. This observation is
surprising in light of the structurazl interpretation because the
interpretation implies the disrupted zones should have a large component of
simple shear---a plane strain system in which stretching is an imporcant
element of the finite strain. Although this observation could mean the
macroscoplc structural interpretation is in error, the simplest solution to
the problem is to conclude that fabric development largely post-dated
shearing. That is, stratal disruption occcurred earlv during D, when
soft-sediment conditlons prevalled and subsequent shortening perpendicular to
layering was largely responsible for the fabric development. The fabric
development presumably occurred after the sediments were partially
underthrust beneath trench a system.

D, structures: The maln phase cleavage (S, ) of the Valdez Group is
generally deformed into a series of open upriggc folds with northeast
trending axes (fig. 8). These folds (F,) record a second deformation of the
Valdez Group, although the absolute age of this deformation is unconstrained
in the €-5 Quadrangle. F, folds typically occur as open, symmetric folds with
wavelengths of from abou% l to 10m. Larger scale folds are rare, except in
the Jim Creek area (pl. 1) where several macroscopic F2 folds can be
inferred.

The F. folds are typically assoclated with an axial planar crenulaticn
cleavage <§ ). This crenulation cleavage generally strikes northeast and dips
steeply nor%h or south. The cleavage is generally only developed in
argillaceous rocks where it occurs as a series of closely spaced (.5-1 mm)
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wrinkles in the main phase cleavage. S, 1s best developed along the eastern
edge of the quadrangle. S. apparently Continues to increase eastward and
transposes S, in the Anchorage C-3 Quadrangle (Burns and others, 1983).

Locally, a second crenulation cleavage (S,?) cuts S, and 1s axial planar
to isolated open folds. Like §,, this cleavage™is only well developed in
argillaceous rocks, S5_(?) typically strikes north-south and is near vertical
and locally occurs in"rocks that are cut by S,. Presumably this north-south
striking cleavage post-dates S, because it is"a weaker fabric. Nonecheless,
clear cross-cutting relations ﬁave not been observed and they could be
virtually synchronous or reversed in relative age.

GEOLOGIC HISTORY
AMBIGUITIES IN AVAILABLE AGE DATA

The northern Chugach Mountains have experienced a long and complex
geologic hisctory and many of the details are as yet obscure. The geblogic
history of the region 1s intimately cied to a series of major late Mesozoic
tectonic events that profoundlv affecced the entire northern Cordillera.
Thus, an understanding of the complex geology in the northern Chugach
Mountains is important not only to the local geology but 1s also important
from a regilomnal perspective.

In the discussion below, a preliminary tectonlc model 1s developed for
the geologic history of the Anchorage C-5 Quadrangle. The model is
constrained locally by cross-cutting relationships, stratigraphic ages, and
absolute ages based on K-Ar geochronology reported elsewhere (Paviis, 1983).
Figure 9 1s a summary of these local age constraints, together with regional
fossil ages established by Clark (1972a, 1973); Tysdal and Plafker (1978);
Karl and others (1979); Winkler and others (1981). These local relationships
cannot totally constrain the geologic history, however, and any further
constraints on the chronology must be gleaned from regional tectonic
considerations. In the discussion below, three regional age relationships
are used to develop a geologic history:

1. After the conclusions of numerous workers (for example, Jones and
Silberling, 1979; Coney and others, 1980; Monger and others, 1982; Csejtey
and others, 1982; and Pavlis, 1982b) it 1s assumed that much of the Early to
middle Cretaceous history of southern Alaska and western British Columbia is
related to the collision between an outer Cordilleran micro~continental
block---Talkeetna super-terrane—---and the North American Cordillera. This
super-terrane 1is composed of the Peninsular, Wrangellia, and Alexander
terranes as defined by Jomes and Silberling (1979), and is now bounded on its
inboard side by a complexly deformed suture zone and on it's outboard side by
the Border Ranges fault.

2. Followlng a previous interpretation (Pavlis, 1982b) the Border Ranges
thrust is presumed to be an LEarly Cretaceous structure which has been
modified by Tertiary faulting, and the formation of the Border Ranges fault
represents the formation (or re-establishment) of a northwest dipping
(relative to present coordinates) subductlion zone. The basis for this
conclusion 15 not reviewed here but arises from a consideration of reglonal
stratigraphy in the Peninsular terrane, regional fossil ages in the McHugh
Complex, the Early Cretaceous age of cross-cuttipg plutons in the western
Chugach Mountains, and the age of volcanism and plutonism in the Gravina-
Nutzotin belt of southeast Alaska (Pavlis, 1982b).
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3. The Talkeetna superterrane was welded to North America bv Late
.Cretaceous (approx. 75Ma) time (Csejtey and others, 1982) and a latest
Cretaceous Andean type arc was subsequencly built on the collided block and
the associated suture zone (Monger and Price, 1979). Thus, the Late
Cretaceous and Tertiary history of the northern Cordillera 3is apparently
relaced to the macturation of the Andean cype arc and the subsequent

conversion of the margin to the present complex combination of strike-slip
and convergence.

PRE-MIDDLE JURASSIC HISTORY

The oldest geologic events in the C~5 Quadrangle are recorded by
metamorphic rocks in the plutonic subterrane of the Knlk River terrane (fig.
l}. Similar roecks in the metamorphic subterrane could be correlatives but
because cross-cutting diorire plutons are absent and K-Ar ages are Early
Cretaceous (fig. 9), this correlation 1is equilvocal. Indeed, as dilscussed
below it 1s possible that the metamorphic subterrane was deformed and
metamorphosed in the Cretaceous.

Just southwest of the Knik River, Clark (1972a) collected Permian
fusilinids from carbonates assoclated with metacherts and greenstones. The
rocks described by Clark (1972b) are indistinguishable from the metamerphic
rocks (units g and ca) just north of Jim Creek. Furthermore, the two
occurrences are directly along strike from one another, and both sequences
form a similar structural sequence; that 1s, layered gabbro and ultramafic
rock lying along the Border Ranges fault but structurally benmeath the
metavolcanic and metasedimentary sequence. These observations imply that
many, if not all, of the metamorphic rocks are correlative with rocks
described by Clark (1972a) and are therefore late Paleozoic in age.

The metamorphic rocks of the plutonic sub-terrane are characterized by
the lithologilc associlation of chert and argillite; pelagic(?) limestone;
greenstone, locally pillowed, and layered mafic and ultramafic rock. The
author noted previously (Pavlis, 1983) that this lithologlec association 1Is
ophiclitic and that the protolith for these metamorphic rocks might therefore
be oceanic crust and upper mantle along with a pelagic sedimencary cover
(Pavlis, 1983). Recently, however, work by Burns (1983) suggests that the
uvltramafic masses are younger (Jurassic) than the adjacent metamorphic rocks
and thac the ophiolitic association 1s due to structural shuffling. Indeed,
Burns (1983) presents compelling evidence that the ultramafic bodies
represent the igneous roots of the Early Jurassic Peninsular Terrane arc.

Following their deposition but prior to the earliest Jurassic (about
190~195 Ma)~~~the hornblende K-Ar age of cross-cutting plutons (fig. 9)——-
metamorphic rocks of the plutonic subterrane (and possibly the metamorphic
subterrane) were complexly deformed and regionally metamorphosed at green-
schist to amphibolite facies. The details and tectonic setting for this
deformational event are debateable. Based largely on the association of
alpine oltramafic rocks, blueschists yielding earliest Jurassic (185-195 Ma)
K-Ar ages (Carden and others, 1977), and the overall ophiolitic character of
the metamorphic rocks; it was previously concluded (Pavlis, 1983) that the
metamorphic rocks along the Border Ranges fault were originally deformed in a
subduction zone and were subsequently metamorphosed during Early Jurassic
pluctonism. This conclusion was based largley on the following assumptions:
1) the "red melange' (unit PPrm) has a structural style and lithologic

{
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associaction that was most easily reconciled by deformation at a subduction
zone; and 2) the unit was presumed to be at least Early Jurassic in age
because it's metamorphic hiscory was indistinguishable from adjacent, clearly
pre~190 Ma, metamorphic rocks. As noted above, however, the 'red melange’
(unit JPrm) may be as young as Cretaceous; thus, its history may not be
applicable to the pre-Jurassic history of the plutonic subterrane.

Despite ambiguities in the pre-Jurassic structural history, it 1is clear
that by early Jurassic time voluminous gabbroilc to tonalitic plutons (units
JPgb, Jd, Jg, and Jt) invaded che plutonic sub-terrane of the Knik River
terrane. The complexly deformed metamorphic rocks of the plutonic
sub-cerrane formed a basement terrane into which these plutons were emplaced.
The country rock was thermally upgraded and injection migmatites, epidote
free amphibolites, and wollastonite bearing skarns were locally developed
along the plutonic margins. During this period gneissic banding developed
along some plutonic margins and ductile deformational fabrics may have formed
in some of the country rocks. This implies that either some deformation
occurred during plutonism or that igneous flow along the plutonic margins
created local deformation. Nonetheless, cthe plutons clearly post-date most,
1f not all, of the major deformation in their country rock. At the same time
as plutons were iInvading the Knik River terrane a thick pile of volcanic
rocks---the Talkeetna Formation---were laid down in the Peninsular terrane,
and apparently co-eval plutons (units Jpt, Jpd, Jpg, and Jgd) were emplaced
into this volcanic cover.

Lithologically and chronologically(?) the main plutonic series
(hornblende gabbro to tomalite) of both the Peninsular and Knik River
terranes are indistinguishable; hence, a correlation is implied. TIf this
correlation were unequivocal, metamorphic rocks of the plutonic gubterrane
would represent a basement terrane onto which the Talkeetna Formation was
deposited and into which intermediate plutons were emplaced. At present,
however, there 1s no chemical or geochronological evidence to firmly
establish this correlation nor has the critical contact between basement and
cover (base of the Talkeetna Formation) been observed. Thus, because the
boundary between the Knik River and Peninsular terranes 1s a major fault zone
(northern Chugach fault zone), the correlation must be considered tentative.
Nonetheless, the plutonic rocks are remarkably similar and in the absence of
better age data it seems unnecessary to assume that the northern Chugach
fault zone separates disparate rock systems. Thus, until more age data is
available the pluronic subterrane is assumed to be a basement terrane onto
which the cover sequence of the Peninsular terrane (Talkeetna Formatlon) was
deposited and into which voluminous coeval plutons were emplaced,

MIDDLE JURASSIC TO EARLIEST CRETACEOUS

Following deposition of the Talkeetna Formation, possibly during
deposition of the overlying Tuxedni Group (fig. 9), the volcanism
characteristic of the Lower Jurassic ended throughout the Penlnsular terrane
(Kirshner and Lyon, 1973). Overlying sedimentary rocks show a relatively
quiescent period from the Late Jurassic to the earliest Cretaceocus {(Counelly
and Moore, 1980). By Late Jurassic time the Peninsular terrane had clearly
amalgamated with Wrangellia and cthe Alexander terrane to form the Talkeetna -
superterrane but the superterrane was apparently not yet part of North
America (Jones and Silberling, 1979).
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During the Middle and early-Late Jurassic a magmatic arc (Tonsina-
Chichagof belt) developed on Wrangellia and the Alexander terrane (Hudson,
1979). The significance and tectonic setting for this magmatic arc is poorly
underscood and it 1is possible chat this event affeccted rocks in the C-5
Quadrangle. However, because the Peninsular terrane appears to have been
quiescent throughout the Late Jurassic (Connelly and Moore, 1980), this
period was probably one of qulescence in the C-5 Quadrangle.

EARLY CRETACEOUS

In the Early and middle Cretaceous a complex series of events occurred
throughout the northern Cordillera as the Talkeetna superterrane collided
with, and uvltimately was accreted to, North America (Monger and others,
1982). The collision apparently led to the formation of a subduction zone
along the trailing edge of the collided block, and the regiomal structure
created by the underthrusting was the Border Ranges thrust (Pavlis, 1982b).

In cthe Anchorage C-5 Quadrangle the formation of the Border Ranges
thrust was probably responsible tor much of the structural complexity now
observed. On the baslis of the cross-cutting trondhjemitic plutons (unit Kt)
it appears that two major structural features relate to thils event. First,
the intense deformation of unit Kam of the McHugh Complex is older than the
trondhjemitic plutons and therefore at least part of the McHugh Complex was I
emplaced prior to 124 t 8Ma (K-Ax age of the pluton reported in Pavlis,
1983). It should be noted that because of this relationship the initial
perliod of underthruscing along the Border Ranges chrust is similarly
constrained as pre-mid-Early Cretaceous (Pavlis, 1982b). Second, the
northwest dipping faults of the Knik River terrane, as well as the broad
zones of alteration and cataclasis which parallel them, were presumably
formed during underthrusting. This genetic relationship 1is implied because
the northwesc dipping fault zones are roughly parallel to structural fabrics
in the McHugh Complex and are sub-parallel to the structural contact between
the Knik River and Chugach Terranes, a contact which appears to be cut by the
trondhjemitic plutons. Because of the northwest dip of the northern Chugach
faulct zone it presumably was also formed during this event; yet this
conclusion should be considered preliminary because critical cross-cutting
relationships are not available (fig. 9).

Thege cross-cutting relationships have been described previously
(Pavlis, 1982b) and lead to a relatively simple tectomnic scenario. The
Cretaceous deformational history apparently begins about 130Ma ago as Pacific
Ocean floor began underthruscing beneath the juvenile convergent margin and
as a result two successive events occurred in the C-5 quadrangle. The oldest
of these events was the extensive faulting of the Peninsular and Knik River
terranes. This event was apparently produced by the underthrusting along the
Border Ranges thrust and as a result of this deformation the older plutonic
rocks and theilr associated metamorphic country rocks were shattered along the
extensive system of northwest dipping faults. Sometime during this event,
oceanic pelagic-hemipelagic sediments, basalt, and graywackes were disrupted
by underthrusting and ulcimately were accreted beneath the Border Ranges
thrust; an event now recorded by unit Kam of the McHugh Complex. Following
this extensive faulting event, troundhjemitic plutons (unit Kt) were generated
at depth and ewmplaced into both the Knik River terrane and unit Kam of the
McHugh Complex. The plutons may have been emplaced at a late phase in the
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deformation, however, because they are slightly deformed and are locally
emplaced Into rocks that appear to be of nearly the same age; that is, the
radiometric ages are indistinguishable from many regional fossil ages for the
McHugh Complex. Therefore, deformacion and emplacement of part of the McHugh
Complex as well as the intrusion of plutons appear to have spanned a
geologically shorc time interval (possibly less than LOMa).

The emplacement of the McHugh Complex and associated faulting in the
Knik River terrane may have been immediately preceded by, or possibly coeval
with, a third structural event: the ductile deformation in the metamorphic
subterrane of the Knik River terrane. This suggestion can be neither
confirmed nor denied on the basis of the present data base, yet at least four
observations suggest that it is a possibility:

1. The amphibole K-Ar ages or metamorphic rocks in the subterrane are
Early Cretaceous (two ages reported in (Pavlis, 1983) are 107 * S5Ma---impure
separate~——and 121 * 8Ma). These ages are indistinguishable from the K-Ar
ages of the trondhjewmitic plutons (unit Xt) and thus, the ages could have
been thermally reset (Pavlis, 1982b and 1983). Nonetheless, the ages are all
from amphibole separates; a mineral not easily reset by thermal events
(J4ger, 1978); hence, the ages could approximate the age of metamorphism.

2, In comparison to adjacent cterranes, the metamorphic subterrane does
not appear to be pervaded by intense faulting. [ndeed, much of the faulting
within the subterrane is younger than the trondhjemitic plutons and those
older faults present are narrow, digcrete fault zones; a relationship
contrasting markedly with the ubiquitous broad cataclastic zones in the
plutonic subterrane. One explanation for this observation 1s that the entire
metamorphic subterrane is a large fault bounded body that remained relatively
intact during intense faulting along its margins This hypothetical fault
bounded body would be about 3 km thick and at least 20 km in strike length.
Although these dimensions are not unreasonable, they are much larger than
those of adjacent fault bounded bodies. This observation is parcicularly
unusual because the rocks lie closest to the tectonic boundary with the
McHugh Complex, the area where the most intense deformation might be
anticipated. The alterpative explanation that metamorphism and deformation
are synchronous with early motion on the Border Ranges chrust does not surfer
from chis problemnm.

3. Overall, the metamorphic subterrane is characterized by a variation
in structural style that appears to be related to structural level. Rocks
lying immediately above the McHugh Complex are characterized by a single
phase of intense deformation which led to isoclinal folding and commonly
transposition of primary (?) layering. The rocks are generally LS tectonites
with a nearly down-dip lineation developed on a follation that parallels che
lower structural contact. One to two kilometers above the structural base
this zone of intense fabrics passes upward into more heterogeneous structure;
that is, relatively undeformed ultramafic bodies, poly-deformed tectonites;
and the chaotic rocks of unit JPrm. Although complex faulting could explain
this observation (Pavlis, 1982b, 1983), the development of a relatively
howogeneous zone of ductile deformation paralleling the Border Ranges fault
is easily explained as a 1-2 km wide zone of simple shear.

4. Although the trondhjemitic plutons clearly post-date the major
deformation of adjacent rocks their are some indications that they are
slightly deformed. These indicators include: serate textures of some quartz
grains; a faint follation at some localities; and the wavy appearance, in

- 35 -



thin section, of some biotite grains., Clearly chese textures could have been
produced by flow during emplacement of the magma; yet Intense diking along
plutonic margins implies the magma was highly fluid and would be unlikely to
produce significant primary flow textures. Furthermore, the serate textures
in guartz are indicative of a solid-state flow (Hobbs and others, 1976).

5. Recent work by Burns (1983) suggests that the alpine ultramafic
bodies represent basal cumulates of the Early-Middle Jurassic Peninsular
terrane arc and are therefore Early or Middle Jurassic in age. The
ultramafics, however, are metamorphosed along with the adjacent rocks of the
Knik River terrane. Thus, if Burns (1983) conclusions are correct, the
maximum age for metamorphism in the metamorphic subterrane is younger than
the minimum age for metamorphism Iin the adjacent plutonic subterrane. The
logical solution to that paradox is that the metamorphism in the metamorphic
subterrane is actually Early Cretaceous,

Together these observations imply that Early Cretaceous ductile
deformation may have occurred within the metamorphic subterrane. Without
geochronologic evidence, however, this hypothesis 1s largely speculative,
Thus, until Rb-Sr or U-Pb ages become available, the details of the early
Cretaceous history---particularly with regard to ductile deformation in the
metamorphic subterrane---will remain problematic. Nonetheless, future work
should consider the possibility that some, L1f not all, of the ductile
deformation and metamorphism {n the metamorphic subterrane is the product off
Early Cretaceous underthrusting along the Border Ranges fault system. Indeed,
it is even possible that cthe generation of the trondhjemitic plutons is
somehow tied to this hypochecical event.

LATE CRETACEOUS TO PALEOCENE

Following emplacement of the Early Cretaceous plutons the geologic
record in the C-5 quadrangle is incomplete until latest Cretaceous or
earliesc Tertlary time. Regilonally, the McBHugh Complex has yielded a few
fossils as young as Albian (Connelly, 1978; Plafker and others, 1977; Tysdal
and Plafker, 1978; Winkler and others, 1981; Karl and others, 1979), thus 1t
would seem that subduction and the accretion of structural unics of the
McHugh complex continued into the early Late Cretaceous. The Eagle River
fault, however, represents a regional 'tecronic unconformity' in that it
separates the Alblan and pre-Albian rocks of the McHugh complex from rocks of
the Valdez Group; a sequence which has yielded no fossils older than
Campanian (Tysdal and Plafker, 1978). The origin of this 'tectonic
unconformity' along the Eagle River fault is enigmatic and could record a
middle Cretaceous trike slip period, a 'subduction erosion' event
(terminology of Scholl and others, 1980), or a cessation of subduction. The
early Late Cretaceous lower Matanuska Formation and its correlatives (Jones,
1967) are stratigraphically complex but would appear to be a forearc basin
deposlt (Connelly and Moore, 1980); a conclusion suggesting that subduction
was continuous during the period. Nonetheless, the data are inconclusive and
the problem needs further clarification.

By latest Cretaceous time, however, the convergence record resumes in
the C-5 Quadrangle with the deposition, deformation, and emplacement of the
Valdez Group. Simultaneously, rocks which are lithologically similar to the
Valdez Group—--the upper Matanuska Formation~--were deposited in a forearc
basin along the southern edge of the Talkeetna superterrane (Connelly and
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Moore, 1980). These forearc basin deposits may be a proximal facies of the
Valdez Group (Fisher and Magoon, 1978). The Valdez Group has generally been
considered as a structurally stacked series of latest Cretaceous (Campanian -
Maestrictian) trench F1ll curbidites (Moore, 1973; Plafker and others, 1977;
Tysdal and Plafker, 1978; Nilsen and Moore, 1979; and Nilsen, 1982). Because
the Valdez Group has yielded only latest Cretaceous fossils (Tysdal and
Plafker, 1978) this interpretation further implies that the deposition,
deformation, and emplacement of the Valdez Group spanned a short time
interval; that is, the fossil ages are essentially the emplacement ages. This
relationship is not unequivocal, however, because it is possible that the
Chugach terrane represents a deep sea fan emplaced as a single tectonic unit
(J. Decker, oral presentation, 1982). If the latter were true the emplacement
age for the entire unit could be early Tertiary.

Degpite this age question the Valdez Group was ultimately thrust beneath
the McHugh complex and a series of complex struccures were formed. In the C~5
Quadrangle 1t appears that this deformation was characterized by imbricate
thrusting. The deformation apparently progressed from soft sediment thrusting
during which narrow zones of high strain and stratal disruption developed
along decollement, to later relatively homogeneous flattening strain imposed
upon the entire structural stack. Following this main phase of deformation,
the Valdez Group was subjected to a second deformation. This deformation
creataed broad open folds with east-northeast trending axes, steep axial
planes, and an associated axial planar crenulation cleavage. A third (?)
deformation recorded by a sporatic north-south striking, nearly vertical,
crenulation cleavage 1s also present but probably does not represgent a
significant event. Both the age and origin of the second and third
deformation of the Valdez Group are unknown.

During the accrection of the Valdez Group it would appear that the older
rocks (McHugh Complex, Knik River terrane, and Peninsular cerrane) were not
subjected to significant deformation because in the Matanuska Valley there
was a nearly uninterrupted deposition of sediments from the Latest Cretaceous
to the mid-Eocene (Kirshner and Lyon, 1973). These sedimentary rocks are
generally thought to record the filling of a forearc basin that extended from
at least the Alaska Peninsula to the Wrangell Mountains (Fisher and Magoon,
1978). However, mapping in the C-5 Quadrangle, together with the work by
Pessel and others (l981) and Burns and others (l983) in the central Chugach
Mountains raises some doubt about this simple interpretation. Specifically,
south of King Mountain (pl, l) and elsewhere along the Chugach Fromt (Burns
and others, 1983) the Chickaloon(?) Formation uncomformably overlies the
Talkeetna Formation. Indeed, all along the northern Chugach front no cover
rocks younger than Talkeetna Formation have been found other than Tertiary
fluvial deposits of the Chickaloon(?) Formation. However, in the Matanuska
Valley a thick (up to 7 km thick) Jurassic and Cretaceous section separates
the Talkeetna Formation from the Tertiary (Kirshner and Lyon, 1973). Thus,
along the Chugach front a huge thickness of sediments was either never
deposited or was removed by erosion. The exact age of this erosional event
(or events) is highly uncertain from the available data and the need for
detailed stratigraphic studies is clear. Nonetheless, it would appear that an
important, but poorly understood, complication may have affected the region
at the beginning of the Tertiary. Possible complications could include: a) a
complication from strike-slip faulting along the Border Ranges fault during
deposition of the Paleocene rocks; b) emergence of the region as a
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trench-slope break similar to the modern Sunda Arc (see Karig, (974); and ¢)
middle Tertlary shuffling---presumably by strike-slip faulting---of rocks
with a different Mesozoic depositional history.

MIDDLE TERTIARY TO PRESENT

During the middle Tertiary a series of events occurred in the C-5
Quadrangle and adjacent regions, but because of the paucity of wmiddle
Tertiary rocks and the probable superposition of events, the exact connection
between local events cannot be made with certainty. In the Matanuska Valley
the Tertiary history is relatively well documented through cross-cutting
relationships observed in Tertiary sedimentary rocks. The non-marine
sedimentation that characterized the Paleocene continued into the early
Eocene with the deposition of the Wishbone Formation (Barnes, 1962). In the
late Eocene or early Oligocene chese sedlmentary rocks were faulted and
deformed into upright folds with east-northeast trending axes (Barnes, 1962
and Kirshner and Lyon, 1973). The sense of displacement on faults during this
period 1s unclear but significant strike slip displacement may have occurred
on east-northeast striking high angle faults; for example, the Castle
Mountailn fault (Boss and others, 1976). This deformation was clearly complete
by the end of Oligocene time because Late Oligocene rocks unconformably
overlie the folded rocks (Barneg and Payne, 1956) and Tertiary plutons (unit!
Ti) are apparently undeformed (Barnes, 1962). Following this folding event,
Neogene deformation {n the Matanuska Valley continued (or was reestablished)
with north-south shortening accommodated by a conjugate set of strike-slip
faults and high angle reverse motion along the Castle Mountain fault and
other east-northeast striking high angle faults (Brubhn and Paviis, 1981).

In the Chugach Mountains, Tertiary deformatiom has also occurred bur
aside from the Matanuska Valley, Tertiary rocks do mot appear to be present
in the C~5 Quadrangle. Thus, a detalled deformational history tied to the
tectonic events in the Matanuska Valley cannot yet be made. Nonecheless, a
number of observations provide some insight 1into Tertiary events.

In the C~-5 Quadrangle, faults with documented young motion (post-unit Kt
or post Eagle River fault) are east-northeast striking near vertical faults.
In the Matanuska Valley faults of this orientation have documented middle
Tertiary and Neogene oifsets; hence, the faults within the Chugach Mountains
may well be middle Tertiary in age and may have Neogene offsets. This
conclusion 1s supported by Pessel and others (1981) and Burns and others
(1983) observation that both the Chickaloon Formacion and Tertiary felsic
plutons are caught up along high angle faulr systems in the central Chugach
Mountains.

The sense of motion on the high angle fault systems cannot be
unequivocally resolved. However, the riedel shear geometry of high angle
faults in lower Friday Creek together with the apparent right lateral offset
of the Eagle River fault in that area, suggest that the net-slip has been
dominancly right-lateral strike slip. It is of note that the Tertiary high
angle faults in the Chugach Mountains are nearly parallel to the Castle
Mountain fault, a regional structure which has long been considered as a po-
tential early Tertlary strike-slip fault (Boss and others, 1976). Thus, it is
possible that the high angle fault of the Chugach Mountains together with the
Castle Mountain fault form a system of right-lateral strike slip faults.
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From the observations In the C-5 Quadrangle it appears likely that a
significant wmiddle Tertiary event, probably coeval with the folding in the
Matanuska Valley, affected rocks throughout the northern Chugach Mountains.
In the Chugach Mountains the principal effect of that deformation was the
formation of a system of high angle faults which apparently represent a
syatem right-lateral strike slip faults. The aggregate offset 1s unclear but
the faults with known displacement do not appear to be major structures.
Nonetheless, it 1s possible that some, or all, of the cataclasis along the
northern Chugach fault could be of this age; that is, the faults are not
constrained by cross-cutting plutons (fig. 9). Thus, if the cataclasis along
these faults were Tertlary it is conceivable that large offsets, presumably
strike-slip, have occurred.

During the Neogene, the high angle faults were probably reactivated as
dip-slip faults, and much of the observed northward tilting alomng the Chugach
front may have originated during che Neogene. From the Miocene to present,
the Chugach Mountains have experienced relatively rapid uplift (Boss and
others, 1976) and one of the regional consequences of that event was the
development of a regional system of dip-slip faults paralleling the
Kenai-Chugach Mountain front (Pavlis and Bruhn, 1983). In the C-5 Quadrangle,
it 1s unclear exactly which faults, if any, moved during this period.
Slickenside studies along the faulted southern margin of the largest ]
ultramafic mass (pl. 1) suggest that the latest motion on that structure was
dip-slip (Paviis, 1982a). Thus, several of the younger structures could have
Neogene motions.
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FIGURE CAPTIONS

Figure 1. Terrane map of the Anchorage C-5 Quadrangle showing distribution of
major tectonostratigraphic terranes and subterranes described in report.

Figure 2. Map of Anchorage C-5 Quadrangle showing faults known to offset
Cretaceous plutons and (or) younger rocks (solid lines). Other high
angle favlts with suspected Tertiary motion are shown with dashed lines.

Figure 3. Map of Knik River Terrane in the Anchorage C-5 Quadrangle showing
structural domalns described in text.

Figure 4, Equal-area stereographic projections summarizing major fabric ele-
mentg in metamorphic rocks of the Knik River terrane. 4a and 4c are
poles to foliation (S,) for metamorphic rocks of Domain Ia and Ib
respectively. 4b shows trend and plunge of miperal lineations (L,) in
domain Ia. 4d and 4e show major fabric elements in two small areas of
Domain I1. Note that small circle distribuction of L, and F, fold axes
about F, fold axes clearly shows the refolding of téese D, "elements by
F, folds. 4f shows poles ro igneous layering and (or) follation in the
largest ultramafic mass (Domain IV). !

Figure 5. Illustration of structural style variations in the Knik River
terrane. 5a shows main phase (Fl) isoclinal folds with axial planar
schistosity (S,). Photo 1s from upper Carpenter Creek, Domain la. 5b
1llustrates rekolding of D, fabrics by F, folds in Domain I1I. Note dome
and basin style interference patterns. P%oto 1s from upper Carpenter
Creek in the large roche moutonnee. 5c shows structural styles in the
'red melange' of Domain III. Note the simple chevron folding of chert
beds contrasting markedly with the strongly follated (sheared?)
character of adjacent argillaceous rocks.

Figure 6. Illustration of various stages of bedding transposition in shear
zones of the Valdez Group. 6a shows classic incipient transposition of
bedding (S ) into phyllitic cleavage (S,); whereas 6b shows complete
transpositgon with lenses of graywacke %loating in a foliated, argil-
laceous ‘matrix.’

Figure 7. Diagrammatic sketch of imbricate structures in Valdez Group. 7a
shows documented systems where fold 'roll-overs' are clearly developed;
whereas 7b shows a typical system where the high strain zones are

paralleled by both So and Sl‘

Figure 8. Equal-area stereographic projections summarizing orientarions of
major fabric elements in Valdez Group. 8a shows poles to main phase
slaty-phyllitic cleavage (S,) and axes of recognized main phase folds
(Fl)‘ 8b shows orientations of major D2 structures cutting S1 fabrics.
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Figure 9. Summary of chronologies recognized within and between structural
elements of the C~5 Quadrangle. Age constraints are summaries of this
work and previous work reported by Pavlils (1982b).
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Figure l. Terrame map of the Anchorage C-5 Quadrangle showing distribution of

major tecronostratigraphic terranes and subterranes described in report.
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Figure 2., Map of Anchorage C-5 Quadrangle showing faults known to offset
Cretaceous plutons and (or) younger rocks (solid lines). Ocher high
angle faults with suspected Tertiary motlion are shown with dashed lines.



Figure 3. Map of Rnik River Terrane in the Anchorage C-3 Quadrangle showing
structural domains described in cext. )
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Figure 4. Equal-area stereographic projections summarizing major fabric ele-

ments in metamorphic rocks of the Knik River terrane. 4a and 4c are
poles to folilacrion (S,) for metamorphic rocks of Domain Ia and Ib
respectively. 4b shows trend and plunge of mineral lineations (L) in
domain Ia. 4d and 4e show major fabric elements in two small areas of
Domain II. Note that small circle distribuction of L, and F, fold axes
about F_ fold axes clearly shows the refolding of tﬁese D, "elements by

F2 folds. 4f shows poles to igneous layering and (or) foliation in the
ldrgest ultramafic mass (Domain TV).



Figure 5. Illustracion of structurai scvle variations in cthe Knik River
terrane. Sa shows main phase <Fl) isoclinal folds with axial planar
schistosity (S,). Photo is from upper Carpenter Creek, Domain Ia. 3b
illuscrates rekolding of 01 fabrics bv F, folds in Domain II. Note dome
and basin scyle incterrerence patterns. PfRoto is frem upper Carpenter
Creek in the large roche moutonnee. 3¢ shows structural styles in the
'red melange' of Domain [II. Note the simple chevron folding of chert
beds contrasting markedlv with the strongly Zoliated (sheared?)
character of adjacent argillaceous rocks,



Figure 6. Illustration of various stages of bedding transposition in shear
zones of the Valdez Group. 6a shows classic {ncipient cransposiction c:
bedding (S ) into phyliitic cleavage (S,); whereas 6b shcws complete
cransposit?on with lenses of graywacke %loating in a foliated, argil-
laceous 'matrix.’



Figure 7. Diagrammatic sketch of imbricate structures in Valdez Group. 7a
shows documented systems where fold 'roll-overs' are clearly developed;
whereas 7b shows a typical gsystem where the high strain zones are

paralleled by both So and Sl'
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Figure 8. Equal-area stereographic projections summarizing orientations of
major fabric elements in Valdez Group. 8a shows poles te main phase
slaty-phyllitic cleavage (S ) and axes of recognized main phase folds

(Fl)' 8b shows orientations of major 02 structures cutting Sl fabrics.
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