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ABSTRACT

To evaluate better the role of the Denali fault in the complex tectonic
evolution of Alaska, estimates of the amount and sense of displacement are
hecessary. Exposed granitic plutons truncated by the fault provide an impor-
tant opportunity to test for possible matchups across the fault.

the Denali fault in the central Alaska Range within the study area. Two plutons
north of the McKinley strand, an eastern, Nenana Mountain pluton, and g
western Bruskasna pluton have K-Ar biotite and hornblende ages between 36

and 38 m.y. and were emplaced during a middle Tertiary intrusive epoch of
regional extent. Two plutons south of the McKinley strand, an eastern, Pyramid
Peak pluton and a western, Foggy Pass pluton have K-Ar biotite ages of 55.7 and
58.3 m.y. respectively, and were emplaced during a similarly widespread in-
trusive epoch of upper Cretaceous to lower Tertiary age. With the exception of
the Foggy Pass pluton, whose outer contact crops out within 1 km of the active
fault trace, these plutons are truncated by the McKinley strand at the surface.

The Nenana Mountain pluton, which Crops out over an area of about 130
square km, is composed of medium-grained monzogranite and granodiorite,
Limited compositional data suggests the presence of a hornblende~bearing
granodiorite phase and a S€parate monzogranite phase. The Bruskasna pluton
Crops out over an area of about 50 square km and consists of medium-grained
monzogranite and granodiorite intruded by a younger core of fine-grained
porphyritic granodiorite. The Pyramid Peak pluton, 90 square km in extent, is
composed of four intrusive phases, which from oldest to youngest are: 1) fine-
grained quartz diorite, 2) medium- to coarse-grained monzogranite and
Syenogranite, 3) medium- grained syenogranite, and 4) fine-grained porphyritic
monzogranite. The Foggy Pass pluton crops out over 22 Square km and consists-
of medium-grained porphyritic monzogranite intruded by a younger fine-grained
muscovite-bearing monzogranite phase.

The four plutons can be distinguished from each other on the basis of
several criteria. QAP plots of quantative modal analyses indicate that the bulk
of the Pyramid Peak pluton is composed of rocks with significantly more alkali
feldspar than rocks from the other plutons, although the quartz diorite phase is
just as distinctive in its marked lack of alkali feldspar. The muscovite-
tourmaline association in the partially peraluminous Foggy Pass pluton is
unique among the plutons studied and suggests that this pluton is related to a
belt of similar granitic plutons to the southwest. Hornblende and accessory
allanite, locally present in the other plutons, are conspicuously absent from
the Foggy Pass pluton. Pleochroic formulas of biotite and hornblende from




plutons north of the fault show ,5 =) = dominantly dark brown in biotite and

§ = brownish green in hornblende. Biotite and hornblende from the plutons
south of the fault show p = Yy = dominantly orange brown to dark reddish
brown in biotite and y = greenish brown to bluish green in hornblende.
Electron probe analyses show that biotites from the Bruskasna pluton have a
distinctively higher concentration of manganese than biotites from the other
plutons. Copper mineralization occurs locally in the Pyramid Peak pluton and
copper and molybdenum mineralization are moderately common in the Bruskasna
pluton.

The contrasting ages, overall composition, and absence of distinctive
phases indicate that the Nenana Mountain and Pyramid Peak plutons do not
represent parts of an originally continuous igneous mass dextrally offset about
30 km along the McKinley strand as speculated by Hickman (1974). For
similar reasons, neither do the Bruskasna and Foggy Pass plutons represent
offset parts of a once-continuous granitic mass. With modest vertical dis-
placement, the offset parts of the two northern plutons might be expected to
crop out south of the fault and west of the present study area. The only similar
granitic pluton south of, and truncated by, the fault is the Foraker pluton
which is more likely dextrally offset only 38 km from the McGonagall pluton,
which also occurs west of the present study area. The apparent absence of
offset parts of the truncated Nenana Mountain and Bruskasna plutons suggests
that some vertical displacement has occurred along the Denali fauit since the
emplacement of these plutons., With modest vertical movement, offset con-
tinuations of the Pyramid Peak pluton and the belt of granitic rocks represented
by the Foggy Pass pluton might be expected north of the fault and east of the
present study area. Similar granitic plutons north of the fault are not known,
but details on the age and composition of granitic plutonic rocks between the
McKinley and Hines Creek strands of the Denali fault east of the present study
area are poorly known and should be carefully studied to allow comparison
with the Pyramid Peak and Foggy Pass plutons.
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INTRODUCTION

The Denali fault is a Ihajor tectonic element in Alaska, as first
recognized by Sainsbury and Twenhofel (1954) and St. Amand (1954, 1957),
The highly dissimilar nature of the terranes juxtaposed along the fault, a
northern Precambrian (?) to Paleozoic metamorphic terrane (Foster, 1972) and
a southern sequence of Paleozoic and Mesozoic marine strata (Richter and
Jones, 1973; Clark, Clark, and Hawley, 1973), confirms the fundamental
hature of this crustal break. With the advent of plate tectonics and Wilson's
(1965) idea of transform faults, many workers consider the Denali fault
system to be a ridge-arc transform connecting the Juan de Fuca ridge with the
landward extension of the Aleutian arc (for example, McKenzie and Parker,
1967; Tobin and Sykes, 1968; Richter and Matson, 1971; and Richter and ]o.nes,
1973), (See Figure 1). |

The history of the Denali fault ig complex and not clearly understood.
Richter and Jones (1 973) consider it to be g Mesozoic subduction zone that was
reactivated as a ridge-arc dextral transform following subduction of the Kula
plate in late Tertiary time (Atwater, 1970; Grow and Atwater, 1970). Dextral
strike-slip movement of 400 km since early Cretaceous time has been proposed
by Turner, Smith, and Forbes (1974) on the basis of offset metamorphic belts
and lineaments. Eisbacher (1976) argues for a dextral displacement of 300 km
during mid-Tertiary time as evidenced by separated fragments of an upper

Jurassic to lower Cretaceous flysch sequence. By correlating granodiorite
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FIGURE |

Schematic diagram illustrating selected tectonic elements of
the northeast Pacific. Segments of the dextral strike-slip Denali
fault system indicated by initials are: TT - Togiak-Tikchik, H -
Holitna, HC - Hines Creek strand, MK - McKinley strand, T -
Totschunda, F - Fairweather, SV - Shakwak Valley, CS - Chatham
Strait, QCI is the Queen Charlotte Islands fault.



plutons, Reed and Lanphere (1974a) argue for 38 km of right-lateral displace-
ment within the last 38 million years. Abundant evidence is available to
document Holocene dextral strike-slip movement (Richter and Matson, 1971;
Stout and others, 1973; Hickman and Craddock, 1973).

To evaluate better the role of the Denali fault in the tectonic evolution
of this complex region, all possibly offset features must be carefully investi-
gated. Because the general Structural grain of the rock units in the Alaska
Range parallels the Denali fault, it is difficult to find truncated rock bodies
along this boundary. In this respect, plutonic rocks that crosscut the struc-
tural érain and that are truncated by the fault provide an important opportunity

to establish correlations across the fault.

Purpose of the Investigation

The main purpose of thig investigation was to study and describe all the
accessible granitic plutonic rocks just north and south of the McKinley strand of
the Denali fault within the study area and to test for any possible correlations.
Hickman (1974) proposed the Nenana Mountain pluton and the Pyramid Peak pluton
(names taken from thig report) demonstrated a possible dextral strike-slip offset
of 30 km. Reed and Lanphere (1974b) argue against the apparent offset of the
Nenana Mountain pluton and the Pyramid Peak pluton on the basis of K-Ar min-
eral ages. My speéific goals were to map the Nenana Mountain, Pyramid Peak,
Bruskasna, and Foggy Pass plutons, collecting representative specimens for

petrographic and chemical analyses. Special attention was directed to



1) any variations in composition and texture, 2) primary structures such as
flow foliations and lineations, 3) secondary structures such as faults, fracture
zones, foliations, and joints, 4) contact relations with the country rocks, and

5) the contact metamorphic aureoles.

Location of Study Area

At its northern apex, located in the central Alaska Range, the Denali
fault system separates into a northern, inactive, Hines Creek strand, and a
southern, active, McKinley strand. The four plutons investigated in this study
lie adjacent to, and with the exception of the Foggy Pass pluton, are truncated
| by the activé McKinley strand at the surface (Plate I). This segment of the
McKinley strand and the adjacent plutons are centrally located in the Healy
1:250, 000 quadrangle between longitudes 148°%24'w and 149018'W, and latitudes
63°23'N and 63°36'N,

Topography and Climate

The terrain within the study area varies from the extremely rugged,
glaciated area which forms the central portion of the Nenana Mountain pluton,
to the gently rounded, talus-covered slopes of the Pyramid Peak pluton.

Relief in the Nenana Mountain pluton area exceeds 5000 feet, and the
maximum elevation is above 9100 feet. Active glaciers, some with awesome
icefalls, cover much of this area and are responsible for the creation of
exceedingly steep-walled cirques with magnificent, albeit inaccessible,

exposures.




The Bruskasna pluton area has a relief of just over 3000 feet with a
maximum elevation exceeding 6000 feet. This area is marked by steep-walled,
and flat-bottomed cirques, several of which contain brilliant blue cirque lakes.
Stagnant glacial ice and permanent snowfields are found only on shaded north-
facing slopes. Talus and morainal debris mantle large parts of this area at
low elevations.

The Pyramid Peak pluton area has a relief of about 2200 feet with the
high point being 5207 foot Pyramid Peak. This area consists of two glacially
subdued topographic highs separated by a minor tributary of the Nenana River.
The pattefn of gently rounded, dominantly talus-covered ridges is altered
only by the short, steep headwalls of a few north-facing cirques. No perma-
nent snow or ice is found within this area.

The Foggy Pass pluton area has a relief of about 2400 feet With a
maiimum elevation over 5300 feet. This area is an elongate topographic high
which was en;:roached upon by cirque glaciers from both north and south.
Presently, it is marked by moderately steep-walled cirques mantled with talus
and morainal debris. Alluvial deposits of modern braided streams surround
much of this area.

A prominent and continuous valley trending N80°E to N85°E and 0.5 to
3 km wide marks the trace of the McKinley strand of the Denali fault in the

study area.



- Climatic conditions experienced during the summer field season are
highly varied. Daytime temperatures ranged from hear-freezing up to 950F;
nighttime temperatures were generally cooler, ranging from subfreezing to
about 50°F, Cloudless skies alternated nearly equally wi;h dense fog and rain-
bearing clouds. A memorable July 4, 1976, was spent in a camp on the Nenéna
Glacier listening to 6 inches of snow quietly blanket the tent, Early summer
twilight during the nighttime hours is sufficient for field work if logistics

require it,

Accessibility

The study area is accessible from air or on foot. The Foggy Pass
pluton can be easily approached on foot by following the trail north of Cantwell
to the National Park Service Windy Creek Cabin, and then follow either game
trails or the West Fork of Windy Creek towards Foggy Pass. The best approach
on foot to the other three plutons in the study area is to leave Alaska Highway 3
just north of where it crosses the Nenana River south of Panorama Mountain,
and to follow approximately the trace of the McKinley strand to the east,
avoiding the thick brush in low areas. Under favorable conditions, small
fixed-wing aircraft with floats might be able to land on the two largest lakes in

T17S, R4W ncar the Pyramid Peak pluton.




Procedure

Nearly all of the field work for this project was completed between

June 13 and August 9, 1975, A limited amount of field work was completed
along the southeastern portion of the Nenana Mountain pluton between July 3

and July 8, 1976, during work on another project; On June 13, 1975, the
writer, Randy Billingsley, and Professor Craddock left Highway 3 just north

of the Nenana River bridge. After three days of backpacking eastward along
the McKinley strand of the Denali fault the field party arrived at a base camp
alongside ngls Creek in the NW/4, Section 33, T16S, R2W. Three days of
field work, concentrated in the southwest corner of the Nenana Mountain pluton,
were completed before leaving the field via the same route. Randy Billingsley

was the sole field assistant during the remainder of 1975 season. Field work

in the NE/4, Section 4, T17S, R5W. This camp was also approached and
vacated on foot from Highway 3. Field work on the Foggy Pass pluton was
completed between the dates of July 14 and July 31, 1975, from a base camp
just east of Foggy Pass along the West Fork of Windy Creek in the Nw/4,
Section 25, T17S, R9W, and from a basc camp alongside a tributary of Windy
Creek in the NW/4 section 30, T17S, R8W. These camps were approached on
foot along trail and creek from Cantwell, Field work on the Pyramid Peak

pluton was completed between August 3 and August 9, 1975, from backpack




base camps in the SW/4, section 2, T17S, R4W; the NW/4, section 9, T17S,
R4W; and the SE/4, section 11,‘ T17S, RSW. The easternmost base camp was
approached by helicopter, and the remainder of the travel was done on foot,
Field work included mapping directly onto 1:40, 000 scale vertical aerial
photographs and 1:63, 360 U. S. Geological Survey topographic sheets, and
collecting structural data and representative rock specimens from each unit.

After the field season, information recorded on vertical aerial photo-
graphs, topographic sheets, and in the field notebook was transferred onto
pbotographically prepared 1:21, 120 scale mylar base maps from which plates
. 2, 3, and 4 wefe made. Structural data were plotted on a stereographic net by
a FORTRAN IV computer program prepared by Warner (1969) and modified by
Rautman (1974). Fresh biotite grains, carefully selected by petrographic
study were analyzed on an ARL EMX Probe.

Petrographic study and point counts were made of unstained thin sections.
Anorthite contents of plagioclase grains were determined using the Universal
Stage by the Rittman zone method described in Emmons (1943). The character-
istic habit, twin laws, pleochroisms, and alteration products of the minerals
present allowed quantitative modal analyses to be made on unstained thin
sections. The important distinction between quartz, plagioclase, and perthitic
orthoclase in unstained sections was based on the following generallized criteria:
quartz is anhedral to subhedral, clear, commonly fractured, and displays
undulatory extinction; plagioclase is subhedral to cuhedral, almost invariably

twinned, commonly displays compositional zonation, and alters to form highly

t




biref:r'mgent flecks of sericite, perthitic orthoclase forms anhedral interstitial
grains, displays perthitic tex;ure, and alters to dusty appearing, buff-colored
kaolinite (visible in plane polarized light). The quantitative modal analyses
are reported aé percentages of primary minerals; valteration effects are dis-
cussed in the sections on petrography. The error limits on the 95% confidence
interval of modal amounts are estimated using the chart in Van der Plas and
Tobi (1965) although the point spacing used for the counts was closer than the
largest grainsize distance recommended by these authors. The accuracy of
the error limits presented is not significantly affected by the point spacing used
. in this study (L. Van der Plas, personal communication to R. H. Dott, Jr.,
1977). The classification scheme adopted in this report (Fig. 2) is that
proposed by the IUGS Sub-commission on the Systematics of Igneous Rocks
(Streckeisen, 1973). As with all classification schemes, there ig debate about
the merits of this system (see Bateman and Lyons, 1977). It is used in this
report because it successfully distinguishes compositional differences of the
rbcks studied, and it represents an attempt to standardize the confusing

nomenclature of granitic rocks.

Acknowledgements

Financial assistance for the 1975 field work was received from the
American Associatiam of Petroleum Geologists and the Society of Sigma Xi,
Helicopter support from the Alaska Division of Geological and Geophysical

Surveys, arranged by Wyatt Gilbert, allowed establishment of one base camp,




60

‘ l

ALKALI
FELDSPAR
GRANITE

TONALITE

SYENOGRANITE 1 MONZOGRANITE
i

GRANODIORITE
!

¢

I

QUARTZ
B DIORITE
/s
AK )
FSPAR QUARTZ
0 QUARTZ SYENITE [ QuarTZ MONZONITE

MONZODIORITE \
'b—--—-.-—-——-—-..—— .-—_-—.-.-—-—_-.-_.——.—-.--5

isen, 1973)
- Q =quartz, A = alkali feldspar

In the plutons Studied), P = plagio-




bos
-

Polly Fabian and Carol Constance Brewer were field assistants during the
work on the sout;heastern portion of the Nenana Mountain pluton in 1976.
Professor Gordon Medaris provided helpful discussions on the
petrography and evaluation of the probe results. Professor Charles V. Guidotti
assisted the writer with several petrographic observations. Everett Glover
willingly provided valuable assistance during the probe analyses. Ali al Mishwt
gave appreciated advice and discussion on several aspects of the study,
I extend special thanks to Randy Billingsley for his assistance and
comradeship in the field and to Professor Campbell Craddock for his valuable
advice z‘md unfailing encouragement throughout this study, both in the field and

on the campus.



GEOLOGIC SETTING OF THE STUDY AREA

Regional Geology
The central Alaska Range has had a long and complex geological
history involving contrasting depositional environments and multiple orogenic
episodes. A very brief summary of the stratigraphic and tectonic history of
this area is given here to introduce the reader to the geologic setting into which
the granitic plutonic rocks discussed in this report were emplaced. For general
accounts of the geological evolution of Alaska consult Gates and Gryc (1963) and
Richards (1974). More detailed information on the geological history of the
study area can be found in Moffit (1915), Capps (1932, 1940), Wahrhaftig (1958,
. 1970), Wolfe and Wahrhaftig (1968) and a number of theses prepared at the
University of Wisconsin under the direction of Professor Campbell Craddock,
especially those of Hickman (1971, 1974), Rautman (1974), Cota (1975) and
Newell (1975).
Although differences exist between the terranes north and sopth of the

McKinley strand of the Denali fault, the overall similarities present within‘the
"study area allow these terranes to be discussed together. The Paleozoic and
Mesozoic development of the central Alaska Range was dominated by the ac-
cumulation of deep- to shallow-water, argillaceous, calcareous, and siliceous
marine sediments. Sediment accumulation was interrupted several times by
orogenic cpisodes represented in the record by angular unconformities and

more intense deformation of the older rocks. Extensive volcanic activity
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occurred during late Paleozoic to early Mesozoic time in addition to less wide-
spread volcanism at other times. A major plutonic episode during the

Jurassic (?) is demonstrated by gabbro sills aqd dikes of great volume. In
contrast to ﬂle earlier dominantly marine deposits, accumulation and sub-
sequent deformation of terrestrial conglomerate, sandstone, siltstone, shale
and sub-aerial volcanics of the Cantwell Formation occurred during the early
Tertiary. These deposits are not found south of the McKinley strand within
the study area. The granitic plutonic rocks discussed in this report were
emplaced during the early to middle Tertiary; these plutons north of the
McKinley sfrand postdate deformation of the Cantwell Formation. Accumula-
tion of terrestrial deposits and intervals of orogenic activity have continued to
the present. Dextral strike-slip displacement along the McKinley strand is
well documented for the Holocene and has probably been active over a much
longer, bl‘lt unknown, period of time.

Granitic Plutonism in the Aleutian and Alaska Ranges and the
Talkeetna Mountains

» To understand better the relationships between the plutons discussed in
this report, it is useful to think of them in the context of regional granitic
‘plutonism. Granitic plutons are common throughout the Alaska and Aleutian
Ranges and the Talkcetna Mountains. Although the composition of these rocks
is somewhat variable, a growing body of radiometric age determinations

allows a number of regional intrusive epochs to be distinguished. The ages
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and known gebgraphic distribution of the rocks from these intrusive epochs are:
1) Pennsylvanian intrusives in‘the eastern Alaska Range, 2) lower to middle
Jurassic intrusives in the Aleutian and Alaska Ranges and the Talkeetna Moun-
tains, 3) nliddie Cretaceous intrusives in the eastern Alaska Range, 4) upper
Cretaceous intrusives in the central and eastern Alaska Range, 5) upper
Cretaceous to lower Tertiary intrusives in the southern and central Alaska
Range and the Talkeetna Mountains, and 6) middle Tertiary intrusives in the
southern and central Alaska Range. Figure 3 portrays the distribution of the
rocks in each intrusive epoch.

The Pe;msylvanian intrusive epoch (282 to 285 m.y.) is represented
only by the Athell pluton in the eastern Alaska Range (Richter etal., 1975).
This pl'uton is dominantly quartz monzonite to monzonite in composition and
has a porphyritic core that is transitional to more equigranular and fine-grained
border phases.

The early to middle Jurassic epoch (154 to 176 m.y.) is represented
by extensive bodies of quartz diorite and granodiorite in the southern Alaska
Range (Feed and Lanphere, 1973; Lanphere and Reed, 1973), the Talkeetna
Mountains (Grantz and others, 1963; Detterman and others, 1965), and possibly
in the eastern Alaska Range (Richter and others, 1975). It has been proposed
that these rocks represent the roots of a volcano-plutonic arc developed abov?:
a subducting plate during Jurassic time (Reed and Lanphere, 1973 ). The

coeval stratified sequence that these rocks intrude ig composed chiefly of

andesitic flows and volcaniclastic sedimentary rocks.
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A middle Cretaceous intrusive epoch (105 to 117 m.y.) is represented

by a cluster of plutons in the eastern Alaska Range located south of the Denali
fault (Richter and others, 1975). The composition of these rocks is quite hetero-
geneous and ranges from quartz diorite through granodiorite to quartz
monzonite. They intrude and are assumed to be cogenetic with andesitic
volcanic and volcaniclastic rocks of the Gravina-Nutzotin belt.

The late Cretaceous epoch (89 to 94 m.y.) is represented by a group of

plutonic rocks in the eastern and central Alaska Range north of the Denali fault,

Richter and pthers (1975) include the granodiorite and quartz monzonite of the

Tok-Tetlin, .Cileslina, Snag Creek, and Gardiner Creek plutons in this group.

On the basis of similar composition and age (Wahrhaftig and others, 1975;
K. W. Sherwood, unpublished data) the Buchanan Creek pluton, located north- :

east of the study area, is grouped with these rocks in this report.

The widespread occurrence of granitic plutons of late Cretaceous to

early Tertigry age (83 to 54 m.y.) in the southern and central Alaska Range as
well as’the northern Talkeetna Mountains documents another intrusive epoch.
Two distinct compositional categories are found in the rocks of this epoch. A
slightly older group is dominated by quartz diorite and granodiorite, while a

younger group consists principally of quartz monzonite and granite (Reed and

Lanphere, 1973). The writer thinks that both plutons located south of the
McKinley strand of the Denali fault that are discussed in this report (the Foggy

Pass and Pyramid Peak plutons) belong to the younger of these two groups. A
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number of the plutons in this group are peraluminous and contain both muscovite
and tourmaline (Reed, 1961; Hawley and Clark, 1974; this study).

The middle Tertiary intrusive epoch (38 to 26 m.y.) is represented by
scattered plutons in the southern and central Alaska Range. Although the
composition of rocks in this group is quite heterogeneous, quartz monzonite
and granite predominate. The writer believes that both plutons discussed in

this study that are located north of the McKinley strand (the Bruskasna and

Nenana Mountain plutons) were emplaced during this intrusive epoch.
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DESCRIPTION OF PLUTONS

Nenana Mountain Pluton (Tmg)

This pluton is the easternmost ofrthose discussed in this study (Plate I).
It is located north of, and truncated by, the McKinley strand of the Denali
fault, Its informal name is derived from 7781 foot Nenana Mountain near the
northwestern boundary of the pluton. Rocks of monzogranite and granodiorite
crop out over an area of approximately 50 square miles (130 square km) in the
extreme northwestern part of Healy B-2 and in the southern part of Healy C-2.
Turner and Smith (1974) report K-Ar radiometric dates of 37.0 and 38.5 m.y.
on biotite and hornblende respectively from the northeastern corner of the
pluton and a date of 36.6 m.y. on biotite from the southeastern part of the
plut%n. A K-Ar radiometric date of 71.8 m.y. on chloritized biotite from the
southwest corner of the pluton reported by Hickman (1974) is probébly erroneous.
Banks and others (1972) suggest that chloritized biotites may yield anomalously
old ages. In plan view, the pluton has a roughly elliptical shape with its long
axis oriented N60°E (Plate II). It intrudes a variety of metasedimentary and
metavolcanic rock types. The contacts with the country rock will be discussed
in the section on structural geology.

The outcrop appearance of these rocks is dependent on their proximity
to the McKinley strand of the Denali fault. Outcrops are scarce within one
mile of the active fault trace, and those that are present have a foliated

appearance due to a closely spaced near-vertical fracture cleavage (Fig. 4)
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Figure 4. Deeply weathered monzogranite (Tmg) of Nenana Mountain pluton
with distinct fracture cleavage dipping steeply north in NE NE NW/4

section 27, T16S, R2W. View to east, Circular object in right hand of
person is approximately 5 cm in diameter.,
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which strikes subparallel to the fault trace. Spheroidal weathering is common
here, and the outcrops are coated and surrounded with grus. They are gen-
erally light-colored but in places are covered with large patches of dark-
colored lichen. Away from the trace of the fault the rocks are light-colored
and massive in appearance. These resistant outcrops form the rugged moun-
tainous terrain between the Yanert and Nenana glaciers. The outcrop surface
Is commonly planar due to the presence of extensive joint surfaces (Fig. 5).
Xenoliths are not common but do exist along the southern border of the pluton
(Fig. 6). Scarce aplite and pegmatite dikes are also present.

Inghand S[;ecimen the rock is massive, medium-grained, equigranular
and has a light speckled appearance. The dominant constituenfs are clear gray
anhedral quartz, white (locally salmon) euhedral to anhedral feldspar, and a
minor amount of fine mafic minerals, commonly euhedral black biotite with a
pseudohexagonal habit. Miarolitic cavities exhibiting either prismatic quartz
and rhomb-shaped feldspar or dark green prismatic epidote are locally im-
portant.

The limited amount of field data collected from this pluton only justifies
mapping it as a single unit although observations suggest the presence of two
distinct compositional phases. Pogue, in Moffit (1915), recognized the com-
posite nature of many plutons in this region, but due to the reconnaissance

nature of his study he mentions this pluton only as being biotite granite.

Wahrhaftig (1958) classified this pluton as granite. Rautman (1974), mapping

in the southwestern part of the pluton, noted that the composition is variable




Figure 5. Planar joint surfaces on outcrops of monzogranite and granodiorite
(Tmg) of Nenana Mountain pluton around the headwall of a glacial cirque
in S/2 section 11, T16S, R1W. View to north, -
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gare 3. Planuy joint surfaces on outr srops of mong
{ Tragh of Nenana Mountain pluron around the
i 5/2 section 11, TI6S, RIW. View i north,
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Figure 6. Dark fine-grained and porphyritic xenoliths in a float block of
granodiorite (Tmg) from the southeast flank of the Nenana Mountain
pluton in NW/4 section 13, T16S, RIW.
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and ranges from granite to granodiorite to quartz monzonite. Cota (1975),
rmapping along the northern margin, classified the rocks he studied as biotite
granites. Thin section modal analysis in this study demonstrates the presence
of monzogranite and granodiorite (Table 1, Fig. 7). Those rocks which
classify as granodiorites are all found to the east of the monzogranite speci-
mens. These granodiorites are the only specimens from this pluton observed
to contain hornblende, and in addition they have more calcic plagioclase.
These observations suggest the presence of two distinct compositional phases.
In addit®n, field observations of float material suggest the presence of a

. porphyritic Border phase in the southwestern corner of the pluton, but scarcity
of outcrop precludes its distinction as a mappable unit. Rautman (1974)
reported a fine-grained igneous border phasve near the contact but did not show

it on his map.

Petrography

Petrographic study reveals a medium-grained hypidiomorphic granular
texture. The major primary minerals are quartz, plagioclase, perthitic
orthoclase, biotite, and locally hornblende. The primary accessory minerals
are allanite, zircon, apatite, and magnetite (?). Myrmekitic intergrowths of
quartz and plagioclase are developed at grain boundaries between plagioclase
and perthitic orthoclase (Fig. 8). Rare graphic intergrowths of quartz and
perthitic orthoclase are present. Alteration of the primary mineral assem-

- blage is widespread but variable, and will be discussed below. Secondary
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Figure 7. QAP plot of modes of the monzogranite and granodiorite (Tmg) of
the Nenana Mountain pluton.




Figure 8. Photomicrograph of monzogranite (Tmg) showing myrmekitic
intergrowth of quartz and plagioclase along boundary between plagio-
clase (above) and perthitic orthoclase (below) in UW 1663/2. Long
dimension of photograph is 0.99 mm. Crossed nicols.

26
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features developed in monzogranite adjacent to the fault include throughgoing
fractures, locally epidote-coated (Fig. 9), and cataclasis (Fig. 10).

Quartz occurs as anhedral to subhedral crystals, which in some
sections appear to be the corroded remnants of originally euhedral crystals
now embayed by perthitic orthoclase (Fig. 11). The maximum grain size
oiserved was greater than 5 mm, but the average size is about 2 mm. Quartz
is commonly fractured and displays undulatory extinction. Bubble trains and
inclusions of plagioclase and euhedral pseudohexagonal biotite are common.

Plagioclase is euhedral to subhedral and is present both in clusters
and as sépa.rate grains. Grain size, although variable, averages about 2 mm.
Andesine and oligoclase dominate, but the anorthite content ranges from Ang,
to AnlO (Fig. 12), the more calcic compositions representing the cores of
strongly normally zoned plagioclase found in the granodiorite specimens.
Normal, oscillatory, and rare patchy compositional zoning are present in‘
many specimens, and are more prevalent in the granodiorites. Albite,
Carlsbad and pericline twins are common. Rare inclusions of biotite, horn-
blende, and zircon are found. Alteration of plagioclase is widespread but of
variable intensity, being strongest adjacent to the fault. Sericite is the most
prevalent alteration product and commonly attacks the entire grain to form a
mesh of highly birefringent fibers, although in some grains the cores are
preferentially altered. Locally, epidote, clinozoisite, and rarely calcite are
important alteration products. In several specimens from adjacent to the fault,

plagioclase grains are fractured and twin planes are kinked (Fig. 10).
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Figure 9.  Photomicrograph of monzogranite (Tmg) of the Nenana Mountain ;
pluton showing three throughgoing, subparallel, epidote-filled fractures :
(arrows). Specimen UW 1663/6. Long dimension of photograph is 6.0
mm. Crossed nicols.
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Figure 10. Photomicrograph of cataclastized monzogranite (Tmg) showing a
kinked and fractured plagioclase grain (center) and irregularly-shaped
areas (arrows) of granulated quartz and plagioclase near the top of the
photograph. Specimen UW 1663/11. Long dimension of the photograph
is 6.0 mm. Crossed nicols.
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Figure 11. Photomicrograph of monzo

grain that has been embayed by perthitic orthoclase (P). Note altered

biotite inclusion (B). Specimen UW 1663/7. Long dimension of photo-
graph is 6.0 mm. Crossed nicols.

granite (Tmg) showing subhedral quartz
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Perthitic orthoclase is anhedral and commonly interstitial. Grain size
can be quite coarse, up po 1 em, but averages 3 mm to 4 mm. Albite, rarely
coarsc enough to show microscopic albite twinning, occurs as exsolved strings
and beads generally parallel to a crystallographic plane within the orthoclase.
Coarse Carlsbad twinning is common. Inclusions of euhedral plagioclase with
sodic rims, euhedral biotite, and rarely quartz are found. A possible re-
placement texture in which perthitic orthoclase encloses numerous plagioclase
laths of the same orientation is present in one specimen (Fig. 13). Kaolinite,
which gives the orthoclase a distinctive dusty buff-colored appearance in plane
_ polarized light, is a common alteration product.

Biotite is euhedral and with proper orientation shows ab pseudohexagonal
habit. In some sections it demonstrates a glomeroporphyritic texture (Fig. 14).
The grain size, although relatively coarser in the granodiorites, rarely
exceeds 2 mm and averages about 0.5 mm. The pleochroic formula is « =
pale yellow brown, / = )/ = dark brown. Both zircon, some with pleochroic
halos, and euhedral apatite needles occur as inclusions. Alteration is varied
and nearly ubiquitous. The most common alteration product is anomalous blue
(iron-rich) chlorite. Other alteration products include iron oxides, sphene,
epidote, and calcite. Biotite in specimens from adjacent to the fault has been
kinked.

Unequivocal hornblende is found only in the granodiorites and is

usually present only in trace amounts (Table 1). Hornblende occurs as ragged

anhedral to euhedral grains and is found in close proximity to biotite. The



Figure 13. Photomicrograph of granodiorite

ment of perthitic orthoclase (uniform light gray) by numerous twinned,
subrectangular plagioclase grains that have a similar orientation,
Albite, carlsbad, and pericline twins are present in the plagioclase.

Specimen UW 1622/3. Long dimension of photograph is 2.42 mm.
Crossed nicols.

(Tmg) showing possible replace-
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Figure 14. Photomicrograph of granodiorite (Tmg) of Nenana Mountain

- pluton showing the glomeroporphyritic texture displayed by mafic

minerals, especially biotite. Note also the euhedral green horn-
blende (H) and euhedral allanite (A) grains. Specimen UW 1663/9.

Long dimension of photograph is 6.0 mm. Plane polarized light.
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largest grains are about 2 mm but most are about 0.5 mm, a size distribution
similar to biotite. There are simple twins with composition plane ZIOO i and
inclusions of plagioclase and zircon, some of the latter showing pleochroic
halos. The relative absorption is ,4> X> X with a pleochroic formula of

& = pale greenish brown, A = dark olive green, and )/ = brownish
green, All hornblende grains appear quite fresh.

The accessory minerals are allanite, zircon, apatite, and magnetite (?).
Allanite occurs as small subhedral to euhedral crystals up to 1 mm in length,
It displays characteristic light brown and greenish brown to deep reddish brown
pleochroism ar;d rare twins on g 001% . Biotite and zircon are found as in-
clusions, and allanite has been observed as an inclusion in biotite with a
pleochroic halo (Fig. 15). Zircon occurs as euhedral prisms up to 0.2 mm

and is commonly found within biotite. Tiny euhedral apatite needles are
scattered as inclusions in all minerals but are more common in the vicinify of
mafic minerals. Possible euhedral magnetite occurs only rarely as an
accessory, usually within biotite.

The order of crystallization as indicated by textural relationships is
schematically represented in figure 16, Euhedral plagioclase laths and

clumps are obviously early and commonly form nucleii around which other
minerals form. Biotite and quartz probably began crystallizing about the saﬁle
time although biotite inclusions in quartz are generally found toward the edges.
It is difficult to determine the timing of the scarce hornblende, but its spatial

relationship to biotite suggests approximately synchronous crystallization




Figure 15. Photomicrograph of monzogranite (Tmg) showing euhedral,
twinned reddish-brown allanite crystal partially enclosed by biotite.
Note the pleochroic haloes around both allanite and zircon (Z) within
the biotite. Specimen UW 1663/3. Long dimension of photograph is
0.99 mm. Crossed nicols.
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Perthitic orthoclase is late and fills the interstitial voids. Timing of the
accessory minerals is predominantly based on their relationship to biotite.
The order of crystallization in the granodiorites and monzogranite is quite

similar.

Pyramid Peak Pluton

This’ pluton is the easternmost body south of the McKinley strand of the
Denali fault (Plate I). The informal name is derived from centrally located
5207-foot Pyramid Peak. Hickman (1974) proposed it as a possible offset
extension of the Nenana Mountain pluton described above. This pluton has
four mappable phases that crop out over an area of about 35 square miles (90
square km) in the northwestern part of Healy B-3 and the northeastern part of
Healy B-4 (Plate III), Hickman (1974) reports a K-Ar radiometric ageona
biotite separate of 58.3 +2.0m.y., suggesting late Paleocene to early Eocene
intrusion. The composition of rocks present includes quartz diorite, monzo-
granite and syenogranite. The pluton is elongate in an east-west direction with
a length of 10 miles. Glacial and fluvial deposits overlie the plutonic rocks on
the north flank of the pluton, but in several locations plutonic bedrock is found
within one-half mile of the active fault trace. Extensive unconsolidated
deposits border the pluton along parts of the south and southeastern boundaries
and may conceal possible extensions of this pluton to outcrops of similar rocks
found in those directions, The contact relationships with the country rocks

will be discussed in the section on structural geology.
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Rautman (1974) reported the presence of similar rocks ranging from

granite to quartz monzonite in an area just to the east. If one completes a
tempting extension of contacts along strike on Wahrhaftig's (1958) Plate One
across four miles of cover, it appears that the Pyramid Peak pluton is con-
tinuous with granitic intrusives to the southeast. Inspection of Rautman’s thin
sections (UW 1596/24, 25, 26) and reading his descriptions show that these
rocks are similar; however, amphibole is more widespread and abundant and
of a different pleochroic formula than any seen in the Pyramid Peak pluton. A
biotite concentrate from specimen UW 1596/26 yielded a K-Ar apparent age of
56.2 + 2.2‘ m.y. (Rautman, 1974). The above observations together suggest
that these rocks are probably not of the same intrusive phase but were likely
emplaced 'during the same intrusive epoch. The writer was able to make a
helicopter pass over the two isolated bodies shown in the southwest corner of
Rautman's (1974) Plate I. Outcrop seems absent, but the talus shows shafrp
contrast in co}or to that of the surrounding metasedimentary rocks.

Field mapping and subsequent petrographic study show the presence of
four mappable phases, distinguished on the basis of textural and compositional
criteria. These phases, in probable chronologic order from oldest to youngest
are: 1) fine-grained quartz diorite, 2) medium- to coarse-grained monzo-
granite and syenogranite, 3) medium-grained syenogranite, and 4) fine-grained
porphyritic monzogranite. See Table 2 and Figure 17 for quantitative modal

analysis and QAP plots of these phases. The fine-grained quartz diorite is

intruded by numerous dikes of the adjacent medium- to coarse-grained
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Figure 17. QAP plot of modes of the four phases of the Pyramid Peak pluton.
Circles with dots are fine-grained quartz diorite Tqd). Solid circles
are medium- to coarse-grained monzogranite (Ts). Cross is fine-
grained porphyritic monzogranite (Tpmr).
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monzogranite and syenogranite as well as abundant aplitic dikelets, and is
clearly the older. A collection of field and petrographic observations suggest
that the fine-grained quartz diorite may, in fact, be a basic forerunner of the
major intrusive epoch, or of an even older age. A one-foot wide dike, almost
surely of the fine-grained porphyritic monzogranite, cuts the medium- to
coarse-grained monzogranite and syenogranite near their mutual contact, thus
showing that the fine-grained porphyritic monzogranite is younger. Due to the
general scarcity of outcrop in this pluton, no crosscutting or other contact
relationships were observed between the medium-grained syenogranite and any
other pﬁase. Because of the map pattern suggesting its intrusion into the
medium- to coarse-grained monzogranite and syenogranite and similarities
between these two phases, this writer proposes it as a younger and possible
textural variant of the medium- to coarse-grained monzogranite and syeno-
granite. Pogue, an early USGS worker, noted the presence of more than one
phase as he saw "medium-grained biotite granite with coarser phases of con-
siderable development characterized by bluish quartz and pink feldspar"
(Moffit, 1915, p. 57). These probably correspond to the medium-grained
syenogranite and the medium- to coarse-grained monzogranite and syenogranite,
respectively. Pogue, however, may have been referring in part to the
Bruskasna pluton north of the fault, which he thought was continuous with the
Pyramid Pecak pluton. Hickman (1974) recognized the composite nature of this

pluton; he mapped an early hornblende-biotitc granodiorite (fine-grained quartz

diorite in this study) and biotite granite.
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Fine-grained Quartz Diorite (Tqd)

This phase crops out as an east-west-trending body, approximately
6 miles long by 1 mile wide, near the northern edge of the Pyramid Peak pluton
and as three mappable inclusions (?) (Plate III) in the adjacent medium- to
coarse-grained monzogranite and syenogranite. In outcrop this phase has a
uniform color of light to dark gray but is texturally quite variable. Adjacent
to contacts with the medium- to coarse-grained monzogranite and syenogranite
it appears to be foliated and probably metasomatized with the development of
porphyroblastic (?)erldspar laths oriented subparallel to the contact (Fig. 18).
Septa of metasedimentary rocks that range in width from a few inches to map-
pable dimensions are common along the contact zone (Plate III, Fig. 19).
Locally, intrusion of the medium- to coarse-grained monzogranite and syeno-
granite has occurred along well-defined joint planes in the quartz diorite
(Fig. 20). Outcrops in the interior of this phase are massive in appearance
and show local development of regular joints. Hand specimens show a massive,
aplianitic to medium-grained texture and are light to dark gray in color.
Specimens with coarser grainsize have a speckled appearance as individual
minerals can be distinguished. Minerals visible are white euhedral to anhedral
feldspar, minor clear gray quartz, black biotite, and other dark green mafic
minerals. Point counts made on thin sections are tabulated in Table 2 and
plotted on Figure 17, These analyses fall in the quartz diorite field on the

QAP compositional diagram.
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Figure 18. Float block with porphyroblastic (?) plagioclase laths in fine-
grained quartz diorite (Tqd) that parallel a dike of medium grained
monzogranite (Tms) in SE SW SW/4 section 2, T17S, R4W. The
dike is the lighter colored band across the lower 1/4 of the photograph.
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Figure

46

19. Light-colored, intrusive, medium-grained monzogranite and
syenogranite (Tms) enclosing numerous blocks of older, dark gray,
fine-grained quartz diorite (Tqd) and one dark brown elongate inclusion
of metasedimentary rock (Pzm) (to the left of the pointing finger) along
the contact beiween Tms and Tqd in SW NW SE/4 section 10, T17S,
R4W. Approximate height of figure is 4 meters. View to west,
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Figure 20. Light-colored, medium-grained monzogranite and syenogranite

i (Tms) dike intrudes dark gray, fine-grained quartz diorite (Tqd) along
vertical and horizontal joint planes on the summit block of Pyramid
Peak in SE NE NE/4 section 17, T17S, R4W. View to west.
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Petrography

Thin section study shows this phase to be fine- to medium-grained,

hypidiomorphic, and granular. The grainsize of specimens that show contact
metasomatic effects is coarser than average. The grainsize estimates given
below for individual minerals may be slightly larger than the true averages for
minerals in this phase because specimens with very fine-grainsize were not
selected for sectioning. The major primary minerals are plagioclase, biotite,
quartz, hornblende, augite, and in some specimens, orthoclase. Original
accessory minerals are apatite, magnetite, zircon, sphene, and allanite.
Alteration is quite restricted, as discussed below.

Plagioclase occurs as subhedral to euhedral laths with an average
length of 1.5 mm. Compositional zoning is dominantly normal, with
labradorite cores and sodic andesine rims, although both reversals and
patchy zoning exist locally. A few grains are compositionally calcic oligoclase,
and the plagioclase of specimen UW 1663/28, which shows contact metasomatic
effects, is sodic andesine to calcic oligoclase (Fig. 21). Twin laws observed
include albite, Carlsbad, and pericline. Most laths are free of inclusions,
but biotite, hornblende, and augite inclusions arehall present. Alteration is
limited,‘ but sericite and clinozoisite (?) were observed.

Biotite occur.s as subhedral to anhedral grains whose average size is
1.5 mm. The pleochroic scheme is &« = yellow brown and Ié = = orange

brown to dark reddish brown. 