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ABSTRACT

The Buzzard Creek basalt, Jumbo Dome, and Sugar Loaf 

Mountain occur in the Central Alaska Range. The purpose of 

this study is to determine the age, nature, geothermal 

potential, and possible genetic relationships between these 

igneous bodies. The areas were investigated by mapping, 

radiometric dating, and petrologic studies.

The Buzzard Creek basalt appears to have formed by a 

maar eruption about 3,000 years ago. Seismic evidence 

suggests this basalt may be related to current subduction 

in the area. Jumbo Dome consists of calc-alka1 ine andesite 

and is probably Pleistocene in age. Sugar Loaf Mountain is 

composed of Mid-Tertiary rhyolite. Geochemistry suggests 

that the Sugar Loaf Mountain rhyolite and Jumbo Dome an

desite may also be subduction-related.

Differences in age and geochemistry indicate there is 

no genetic relationship between the rocks of the three 

areas. The ages, type of volcanic features', and snow melt 

patterns suggest that these three areas have low geothermal 

p o t e n t i a l .
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INTRODUCTION

Three areas of extrusive rocks on the north flank of 

the Central Alaska Range occur along a general northeast- 

southwest trend (fig. 1). These areas include, from north

east to southwest: basalt in the Buzzard Creek area, Jumbo

Dome, and Sugar Loaf Mountain. The total distance between 

the Buzzard Creek craters and Sugar Loaf Mountain is 

approximately 36 km. The composition of the igneous rocks 

varies from basalt at Buzzard Creek to hornblende andesite 

at Jumbo Dome to basalt, andesite and rhyolite in the Sugar 

Loaf Mountain area. The basalt in the Buzzard Creek area 

consists of basaltic cinders, lapilli and bombs. This 

basalt is referred to in this report as the Buzzard Creek 

basalt.

Location of Study Areas

The Buzzard Creek basalt occurs at the northeast base 

of an unnamed mountain southwest of Buzzard Creek, a 

tributary of the Totatlanika River, at 64°04' north latitude 

and 148° 25' west longitude (plate 1). Jumbo Dome is situated 

12 miles east of the Nenana River and 7 miles north of Healy 

Creek at 63° 58' north latitude and 148° 41' west longitude 

(plate 2). Sugar Loaf Mountain is situated 3 miles east of 

the Nenana River and 4 miles south of the Healy Creek at 53° 

47' north latitude and 148° 50' west longitude (plate 3).

1



Fig.1. Location of the Buzzard Creek basalt, Jumbo 
Dome, and Sugar Loaf Mountain.



Procedures

The nature of the igneous rocks was determined by revi 

sion of geologic maps, petrographic examination and 

geochemical analysis. The vertical magnetic field of the 

Buzzard Creek area was surveyed to help determine the 

subsurface structure. The ages of the rocks were determined 

by radiometric dating using the potassium-argon (K-Ar) and 

carbon-14 (1Z( C) methods. Field investigation and snow welt 

patterns on aerial photography of two of the areas were 

analyzed for a preliminary assessment of the geothermal 

potential of the areas.

Field investigations and geologic mapping were done 

during July and August of 1978. The base maps are 1:20,000 

enlargements of parts of 1:63,000 United States Geological 

Survey geological maps of the Fairbanks A-3 and the Healy 

D-4 quadrangles as mapped by Wahrhaftig (1970a,b). The 

terms Buzzard Creek basalt, Jumbo Dome andesite, and Sugar 

Loaf Mountain rhyolite and andesite used in this report are 

informal names.

Two craters associated with the Buzzard Creek basalt 

were surveyed with a plane table and alidade. The magnetic 

survey was conducted from August 13 through August 16, 1978 

using a portable Sharp Fluxgate magnetometer. Magnetograms 

taken at College, Alaska were obtained for this time period 

Mag netograms revealed only minor fluc tuations of the ver

tical magnetic field for these four days. The magnetic
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variations caused by the fluctuation of the magnetic field 

was removed from the data of the magnetic survey. The ma g 

netic survey covered 2.2 mi 2 (5.1 km2 ) with a basic grid 

interval of 250 ft (82 m ) . The magnetic susceptibilities 

of the basalt and the Totatlanika Schist were measured using 

a susceptibility bridge (Stone, 1957).

Three fresh samples from each cf the three areas were 

selected for major oxide analysis. Foreign inclusions were 

removed from the samples of the Buzzard Creek basalt after 

crushing to a 4 mm size fraction. The amount of removed 

material was estimated at approximately 5% of the total 

volume. This method of mechanical separation cannot be ex

pected to remove all of the inclusions, particularly the 

microscopic components. The volume of microscopic inclu

sions still present in the treated basalt was visually 

estimated at 2% quartz and 1% potassium feldspar. These 

amounts were subtracted from the analytical results, and the 

percentages of major element oxides were recalculated to 

yield an estimated analysis of juvenile material.

The geochemical samples were sent to the Geology 

Department at the University of Oregon at Eugene, Oregon for 

X-Ray fluorescence (XRF) major oxide analysis. Analytical 

procedure and sample preparation are described by Cunningham 

(1978). C.I.P.W. (Cross, Iddings, Pirsson, and Washington) 

norms were computed using a computer program written by L.

E. Heine.
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Plagioclase compositions were determined with a four- 

axis universal stage using the Michel-Levy method on a 

minimum of 8 albite twins per slide and by oil immersion 

techniques using monochromatic sodium light.

The age of charcoal samples found above and below the 

Buzzard Creek basalt was determined by the lZtC method. C 

analyses were provided by Krueger Enterprises, Inc., 

Geochron Laboratories Division in Cambridge, Mass. 

Pretreatment consisted of separating the charcoal fragments 

from soil, sand and modern rootlets. The samples were then 

treated with hot, dilute HCl to remove any carbonates and 

with hot, dilute NaOH to remove secondary organic con

taminants. The samples were then filtered, washed, dried, 

and burned to provide carbon dioxide for the analysis.

40K-40Ar dating was performed in the Geochronology 

Laboratory of the Geophysical Institute, University of 

Alaska at Fiarbanks. Plagioclase and basaltic hornblende 

^ K - ^ A r  age determinations were obtained for andesite 

samples from Jumbo Dome. The pretreatment of these samples 

consisted of crushing to 100-150 mesh. Minerals were 

separated using heavy liquid techniques and a Frantz mag

netic separator. Whole rock /t0 K-'4° Ar determinations were 

obtained from samples to fine-grained rhyolite from the 

Sugar Loaf Mountain area. These rhyolite samples were 

crushed to 16-43 mesh and treated with dilute acetic acid 

to remove carbonates. The analytical techniques used have
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been described by Turner et a l . (1973). The constants used 

are: + A£ ' = 0.51 x 10_1 year-1, X = 4.962 x 10- 1 0 year-1, and

40K/K  ̂ 1 = 1.167 x 10~4 mol/mol.total
The size distribution of the Buzzard Creek basalt was 

obtained using sieve analysis on the smaller fractions and 

direct measurement of the average diameter for the larger 

fractions.

Previous Work

Early studies interpreted the largest of the two 

craters associated with the Buzzard Creek basalt as a cinder 

cone formed during a late Pleistocene or Recent eruption 

(Pewe, Wahrhaftig, and Weber, 1966). The basalt rests on 

the youngest terraces on Buzzard Creek which are correlated 

with the Riley Creek glaciation (Pewe, Wahrhaftig, and 

Weber, 1966) which ended approximately 10,000 years B.P. 

(Pewe, 1975). This relationship suggests that the Buzzard 

Creek basalt erupted less than 10,000 yrs ago.

Jumbo Dome has been interpreted as a Late Tertiary 

hornblende dacite intrusion. Marvin Lanphere determined a 

K-Ar age on basaltic hornblende from Jumbo Dome of 2.7 +

0.25 million years (Wahrhaftig, 1970b). Jumbo Dome intrudes 

the Suntrana Formation of the coal-bearing group which, in 

turn, unconformably overlies the Keevy Peak Formation. The 

Suntrana Formation consists of interbedded, poorly con

solidated, cross-bedded quartz sandstone with subbituminous
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coal and is Miocene in age (Wahrhaftig, 1 9 7 0 b ) . The Keevy 

Peak Formation consists predominantly of Devonian quartz- 

sericite schist. Samples of coals located near the contact 

between the Jumbo Dome andesite and the Suntrana Formation 

do not show high temperature effects, suggesting the ex

istence of a fault contact at the base of Jumbo Dome (Wahr

haftig , 1949) .

Sugar Loaf Mountain was first interpreted as an en

dogenous dome (Wahrhaftig, 1958) and later as a remnant of 

a rhyolite flow with the source located at a rhyolite vent 

✓ breccia outcrop 1.4 km southeast of Sugar Loaf Mountain 

(Wahrhaftig, 1 9 7 0 b ) . The age of the rhyolite flow was 

interpreted as Paleocene to Oligocene because of the 

presence of a small outcrop of Oligocene to Miocene Healy 

Creek(?) coal located at the base of the southeast corner 

of Sugar Loaf Mountain (Wahrhaftig, 1958 and 1 9 7 0 b ) .

Reg iona1 Setting

The Buzzard Creek basalt overlies terrain underlain by 

a basement of the California Creek Member of the Totatlanika 

Schist. This member is a metarhyolite consisting of gray 

quartz-orthoclase-sericite schist and gneiss which weathers 

to white and buff. Porphyroblasts of potassium feldspar 2.5 

to 25 mm in diameter and augen of quartz 0.25 to 17 mm in 

diameter in a finer-grained gray-to-greenish-gray matrix of 

sericite, chlorite, quartz, feldspar, and calcite charac-
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terize some layers (Wahrhaftig, 1968). Medium-grained 

layers, composed of flattened-to-sharply-angular grains of 

feldspar with occasional quartz 0.5 to 2 mm in diameter in 

a strongly schistose groundmass of sericite, orthoclase and 

quartz, make up the remainder of the unit. The age of the 

schist is believed to be Mississippian (Wahrhaftig, 1968).

Jumbo Dome intrudes a basement of the Keevy Peak Forma

tion which consists of quartz-sericite schist, quartzite, 

purple-to-green schist and slate, metaarkose, marble and 

limy schist (Wahrhaftig, 1968). The Keevy Peak Formation 

is Devonian in age (Gilbert and Bundtzen, 1979) with a 

twofold metamorphic history. The first event was a regional 

greenschist-to-amphibolite facies metamorphic event of 

probable Jurassic age which produced large isoclinal folds 

(Gilbert and Bundtzen, 1979). The second event was primarily 

dynamic and locally reached the lower greenschist facies 

(Morrison, 1964). These metamorphic events have recrystal

lized the unit, partially obscuring the earlier Devonian 

stratigraphic relationships of the Keevy Peak Formation.

The Sugar Loaf Mountain rhyolite rests upon a basement 

of Precambrian-to-Paleozoic quartz mica schist with minor 

amounts of carbonaceous schist and marble. The schist was 

subjected to regional metamorphism of the greenschist and 

amphibolite facies during the Jurassic. This metamorphic 

event produced large isoclinal folds (Gilbert and Bundtzen,

1979). Subsequent dynamic metamorphisra locally reached the



greenschist facies (Morrison, 1964). The original sedimen

tary structures of the schist were completely destroyed by 

the metamorphic events (Wahrhaftig, 1968).

THE ELMER E. RASMUSON 
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THE BUZZARD CREEK BASALT

Field Relationships and Structure

The Buzzard Creek craters are situated on the northeast 

flank of an unnamed mountain approximately 500 m in height 

located 17 km northeast of Jumbo Dome. The semi-circular 

rim of the larger crater encloses a shallow pond approx

imately 23 m wide and 6 6  m long. The rim of this crater is 

approximately 300 m in diameter. The greatest local relief 

of the rim is approximately 7 m high at its northeastern 

segment. A gully drains into the crater. A torrential al

luvial fan has been deposited at the base of this gully 

(fig . 2 ) .

The rim consists of 15-20% dark gray, subrounded, 

vesicular basaltic lapilii and bombs containing olivine and 

plagioclase phenocrysts and lithic inclusions of the under

lying Totatlanika Schist, which is a m e t a r h y o l i t e . Some of 

the bombs occur as agglutinate. The lithic inclusions con

sist of metarhyolite which was probably derived from the 

country rock during eruption. The remaining 30 - 35% of the 

rim material consists of angular fragments of gray, quartz- 

orthoclase-sericite schist and augen gneiss of the Califor

nia Creek Member of the Totatlanika Schist. In addition, 

minor quartz pebbles are scattered among the rim material. 

The basalt fragments are uniformly mixed with the schist 

(fig. 3). The basaltic ejecta range in size from 1.5 to 13
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Fig. 2. Looking southeast at the larger crater at Buzzard Creek.



I

Fig. 3. Typical distribution of the rim material of the larger 
crater consisting of 15-20% basaltic lapilli and 80-85% 
Totatlanika Schist fragments.
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cm in diameter. The largest basaltic bombs were found on 

the north segment of the rim. The average size of the 

basalt decreases with distance from the rim (table 1). Some 

of these lapilli and bombs have a breadcrust texture with 

the outer skin cracked due to the expansion of a vesicular 

c o r e .

The Totatlanika Schist fragments generally range in 

size from 2.4 cm to 20 cm in diameter. The largest observed 

block of Totatlanika Schist measures 30 cm x 120 cm x 60 cm 

(fig. 4) and is located on the northwest section of the rim.

A smaller crater is located 266 m southeast of the 

larger crater (fig. 5). This small crater resembles the 

larger feature in shape, morphology, and position relative 

to the mountain range and valley floor. In plan view it has 

a semicircular shape 6 6  m in diameter enclosing an elongate 

pond 3 m wide and 16 m long. The rim is 1.6 to 3 m wide and 

7 m high at its northeast segment and is covered with tundra 

vegatation. Subrounded, vesicular basaltic fragments and 

subangular Totatlanika Schist fragments similar to those 

found on the rim of the larger crater are exposed on the 

northwest section of the rim. The ratio of the volume of 

schist to volcanic rock is similar to that of the rim of the 

larger crater, 5.7:1. The basaltic lapilli range in size 

from 1.5 to 2.5 cm in diameter.

The volcanic fragments are distributed northeast of the 

craters producing two depositional blankets (fig. 6 ). The



Table 1. Size analysis of the basaltic ejecta in the Buzzard Creek area (values in weight %).

Sample No.

Distance (km) 
from the larger 
rim

Average diameter

10-15 cm

5-10 cm

2-5 cm

1-2 cm

0.4-1 cm

0.2-0.4 cm

<0.2 cm

Total

total weight 
(grams)

MR78-73 Mr78-80 Mr78-79 MR78-74 MR78-76

1.3 2.7 3.3 3.4

31

18

2

6
5

14

24

1 0 0

2882

7

16

15 

41

16 

5

1 0 0

983

1

28

57

9

5

1 0 0

1063

19

64

12

5

1 0 0

417

4

80

16

1 00

188
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Fig. 4. A large block of Totatlanika Schist among juvenile and 
accidental ejecta.



Fig. 5. Looking northeast at the smaller crater.
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blanket associated with the larger crater is approximately 

300 m wide and has been traced to a distance of 1 . 6  km from 

the rim. The thickness of the ejecta layer grades from 

approximately 7 meters on the crater rims to a few cm 1.6 

km northeast of the rims. The ejecta layer dips from 0 - 1 0  

away from the rims, which could represent a paleoslope.

These depositional blankets rest upon alluvium and pediment 

gravels correlated with the Riley Creek glaciation (Pewe, 

Wahrhaftig, and Weber, 1966). This alluvium overlies the 

Oligocene to Miocene Healy Creek (?) Formation (Wahrhaftig, 

1970a) which attains a thickness of 182 m in this area 

(Wahrhaftig, 1958). Near the northeastern edge of this 

blanket a 45 cm thick layer of basaltic lapilli was ex

cavated. This lapilli layer overlies a 1.5 cm humic layer 

containing fine pieces of charcoal which probably represent 

a vegetation mat burned by the eruption. This charcoal was 

sampled for 1ZfC analysis.

the crater rims as a cover on ridges of erosional rem

nants of the Lignite Creek (?) Formation. They are approx

imately 10.3 m wide and range in height from 5 to 10 m (fig. 

7). These ridges consist of ~25% subrounded sandstone and 

schist which ranges from 5 to 15 cm in diameter, and 75% 

subrounded quartz pebbles, cobbles, and boulders ranging 

from 2.5 to 30 cm in diameter. The basaltic lapilli appear 

to be windblown surface deposits overlying the ridges. The 

basalt is distributed on the outer boundaries of the ridges



Fig.6. Contour map of the two craters near Buzzard Creek.

00
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Fig. 7. Basaltic lapilli (foreground) on a ridge of the Liqnite 
Creek (?) Formation.



and constitute approximately 5% of the surface materials. 

The basaltic lapilli appear to be similar in mineralogy to 

the lapilli and bombs found on the rims of the two craters, 

but are generally smaller and better sorted than the basal

tic bombs and lapilli of the ejecta blankets (Table 1).

Basaltic lapilli 0.3 to 1.2 cm in diameter occur in a 

layer two cm thick approximately 3.4 km northeast of the 

larger crater at Buzzard Creek below a 1.6 cm layer of 

modern organics. The organics consist of soil and modern 

rootlets. This organic layer also contains charcoal which 

was samples for 14 C analysis.
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Petrology

Microscopic Examination

The Buzzard Creek basalt contains two slightly 

pleochroic pyroxenes, augite and hypersthene. The augite has 

a moderate 2V (angle between optic axes) and an extinction 

angle of approximately 40°. The augite commonly exhibits hour 

glass zoning. Clinopyroxene pleochroism is x = tan, y = 

greenish tan, and z = light yellow. These crystals are 

found as isolated grains or as broken pieces in clusters. 

Hypersthene is negative with parallel extinction. 

Pleochroism of the orthopyroxene is x = z = clear, y = light 

green. Both pyroxenes are fractured and contain irregularly 

shaped voids within some of the crystals. These pyroxene 

grains also contain occasional very-fine-grained opaques.

The basalt contains approximately 2-5% olivine which 

ranges in composition from FoSO - Fo95 as estimated from the 

2V which ranges from 85 - 90° Olivine forms euhedral to 

subhedral doubly terminated crystals up to 1 mm in length. 

There is no apparent alteration along fractures in the 

olivine.

Fine-grained plagioclase with an An content of 60 oc

curs in the groundmass. These laths have a trachytic tex

ture that wraps around large phenocrysts and inclusions.

The groundmass also includes approximately 25% dark 

brown devitrified glass, fine-grained c 1 inopyroxene grains,
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and occasional opaque minerals.

The basalt also contains approximately 3% inclusions of 

quartz and occasional alkaline feldspar. The quartz grains 

show such extreme strain that some quartz appears biaxial 

with a 2V of 2°.

Geochem is tr y

There are three types of magma series as defined by 

Irving and Baragar (1971). These are the tholeiite, calc- 

alkaline, and the olivine alkaline series. Alkaline series 

can be distinguished from tholeiites and calc-alkali rocks 

on the basis of alkali content. Tholeiites and calc- 

alkaline rocks are most commonly distinguished by MgO and 

FeO fractionation trends. Several analyses are needed to 

accurately determine the series. The analyses obtained from 

the Buzzard Creek basalt are subject to the problems of con

tamination, as previously discussed. Therefore, the inter

pretation of the basalt based on these geochemical analyses 

is tentative.

The basalt is olivine normative and one sample is 

slightly nepheline normative (table 2). On the alkali- 

silica variation diagram of Irving and Baragar (1971) the 

data plot within the tholeiitic and calc-alkaline field 

(fig. 8 ) although according to the alkali-silica variation 

diagram of MacDonald and Katsura (1964)(fig. 8 ), the Buzzard 

Creek basalt falls within the alkaline field.
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Table 2. Major oxide analysis and C.I.P.W. norm values for the
Buzzard Creek basalt (recalculated), Jumbo Dome andesite, 
and rhyolite and andesite from Sugar Loaf Mountain.

Buzzard Creek basalt Jumbo Dome andesite Suqar Loaf Mountain 
(recalculated) rhyolite and andesite

Si02 49. O 00 49,.91 47 .35 58,.96 56 ro o 56 .44 61 .49

COr̂. .31 78

OO

Ti02 0,.91 0,.91 0 .95 0 .64 0,.78 0 .79 0,.79 0 .08 0 .08

Al 2°3 14..69 14,.56 14,.76 17,.21 16,.74 16 .63 17..04 12 .71 12 .34

Fe2°3 9..83 9..64 10,.18 6,.10 7,.18 7,.23 7..15 0 .84 0..64

MnO 0..15 0..15 0,.17 0..10 0..11 0,.12 0,.12 0,.00 0..01

MgO 10.,47 10..33 11.,49 4.,16 5..39 5..36 2..59 0,.22 0..29

CaO 10.,39 10..12 10.,95 7.,59 8.,95 8.,91 5.,32 0..68 0..76

Na20 2.,75 2.,59 2.,75 2.,85 2.,57 2.,47 3..95 2..68 2..99

k2o 1 .33 1 ..43 1 .,05 2. 22 1 .90 1 .,86 1 .,08 4.,46 4.,20

P2°5 0. 15 0.,15 0.,16 0. 17 0. 18 0. 19 0. 47 0.,01 0.,01

Total 99. 75 99. 79 99.,81 100. 00 100. 00 100..00 100.,00 100.,00 100.,00

Qtz 0 .00 0. 00 0. 00 12. 00 9. 75 10. 71 19. 17 41. 44 40. 67
Or 7.82 8. 42 6. 15 13. 20 11. 30 11 .08 6. 46 26. 85 25. 23
Ab 24. 57 22. 83 22. 45 25. 76 23. 24 22 .3 7 35. 91 24. 55 27. 30
An 23. 70 24. 00 24. 61 27. 80 28. 72 29 .0 5 23. 61 3. 37 3. 77
Ne 0 .00 0. 00 1. 22 0. 00 0. 00 0 .00 0. 00 0. 00 0. 00
Co 0 .00 0. 00 0. 00 0. 00 0. 00 0 .00 0. 91 2. 52 1. 68
Di 19. 25 28. 02 20. 47 5. 72 10. 00 9. 59 0. 00 0. 00 0. 00
Ol 10. 16 4.49 15. 91 0. 00 0. 00 0 .00 0. 00 0. 00 0. 00
I I 0 .2 3 0. 23 0. 26 0. 16 0. 07 0. 19 0. 19 0. 00 0. 02
Ap 0 .31 0. 31 0. 33 0. 36 0. 38 0 .40 7 00 0. 02 0. 02
Et 6 .81 6. 70 7. 03 4. 28 5. 04 5 .03 5. 05 0. 60 0. 45
Tn 1.54 1. 54 1. 57 1. 11 1. 38 1 .38 0. 00 0. 00 0. 00
Ru 0 .0 0 0. 00 0. 00 0. 00 0. 00 0 .00 0. 46 0. 06 0. 05



Fig.8. A!kali-Silica diagram with dividing lines between 
the alkaline and the calc-alkaline and tholeiitic fields 
of MacDonald and Katsura (1964), solid line; and Irvinq 
and Baragar (1971) dashed line. The closed triangles 
represent the Buzzard Creek basalt, the double circles 
represent the Jumbo Dome andesite, and the double squares 
represent the rhyolite and andesite of Sugar Loaf Mountain.
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There is no iron enrichment pattern observable on the 

AMF diagram for the Buzzard Creek basalt (fig. 9).

Therefore, other means of differentiating between the two 

series are required. One prominent chemical difference 

between the basic members of the calc-alkaline and tholeiite 

series is that calc-alkaline basalts generally contain 

16-20% Al^O^ while tholeiitic basalts generally contain

12-16% Al„ 0 0 (Irving and Baragar, 1971). The average Al 0
1 i  2 3

content of 14.7% of the Buzzard Creek basalt suggests a

tholeiitic affinity. The difference in Al 0 content between
2 3

the calc-alkaline and tholeiitic series is also expressed 

by the Al2 0 3 vs normative plagioclase composition variation 

diagram of Irving and Baragar (1971). On this variation 

diagram (fig. 10), the Buzzard Creek basalt falls within the 

tholeiitic field. Therefore, the alumina content of the 

basalt suggests that it may be tholeiitic.

The mineralogy also supports a tholeiitic affinity 

because of the presence of two pyroxenes, a calcium-rich 

pyroxene and a calcium-poor pyroxene, which commonly form 

in the early stages of fractional crystallization of 

tholeiitic magmas (Deer, Howie, and Zussman, 1966). Also, 

the phenocrysts of tholeiites are generally olivine and 

pyroxene whereas the phenocrysts of calc-alkaline rocks are 

predominately plagioclase with subordinate olivine, hyper

sthene and hornblende (Irving and Baragar, 1971). Because 

the mineralogy, alumina content and alkali-silica diagram
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Fe as FeO

Fig.9. The Buzzard Creek basalt ( A ), Jumbo Dome andesite ( 0 )  
and the Sugar Loaf rhyolite and andesite ( a )  plotted on the 
AMF diagram showing Skaergaard trend (1), Thingmuli trend (2), 
and tholeiite/calc-alkaline dividing line of Irvinq and Baragar 
(1971).



Normative Plagioclase Composition

RaHllJ; ? Plagioclasevs A1203 diagram of Irving and
Baragar, 1971. The closed triangles represent the Buzzard
ureek basalt, the double circles represent the Jumbo Dome
andesite, and the double squares represent the
andesite of Sugar Loaf Mountain.



of Irving and Baragar (1971) suggest a tholeiitic affinity 

while the alka1 i-si 1 ica diagram of MacDonald and Katsura 

(1964) and the presence of some normative nepheline suggest 

an alkaline affinity, the Buzzard Creek basalt is probably 

best described as tholeiitic or transitional between the 

tholeiitic and alkaline series.

The Buzzard Creek basalt was compared to several other 

basalts in Alaska including samples from the Aleutian Is

lands (Fraser and Snyder, 1959, Byers, 1959, Nelson, 1959, 

Coats, 1959 , Coats et a l ., 1961, Gates et al , 1971, Fraser 

and Barnett, 1959, and Snyder, 1959), the Teklanika Forma

tion (Gilbert et a l ., 1976, Nye , 1978, and Bultman, 1972), 

and the basalt from the Ukinrek Maars (Kienle et. a l .,

1980). These basalts were plotted on variation diagrams to 

determine the inter-relationships of the Buzzard Creek 

basalt and other Alaskan basalts. The variation diagrams

include the AMF diagram (fig. 11), K 0 + Na 0 vs SiO (fig.
2 2 2

12), and a l 2 03 vs S i 0 9 (fig. 13). These diagrams show that 

the geochemistry of the Buzzard Creek basalt is the most 

similar to the geochemistry of the Aleutian basalts and the 

Dasalt from the Ukinrek Maars. The AMF diagram suggests 

that the Buzzard Creek basalt has very little iron enrich

ment compared to other basalts in the state. For tholeiitic 

basalts, iron enrichment occurs in the very early stages of 

fractional crystallization (Kushiro, 1979). The lack of 

iron enrichment in the Buzzard Creek basalt suggests that



Fig.11. Alaskan basalts on the AMF diagram showing Skaergaard 
trend (1), Thingmuli trend (2), and tholeiite/calc-alkaline 
dividing line of Irvinq and Baraqar (1971).
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O  Aleutian basalts 

®  Teklanika Formation 

^  basalt from Ukinrek Maars 
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Fig.12. Na20 + K20 vs.Si02 variation diagram of the 

Buzzard Creek basalt and other Alaskan basalts.
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O  Aleutian basalts

©  Teklanika Formation

A  basalt from the Ukinrek 
a  Maars
a  Buzzard Creek basalt

Fig. 13. A1?CL vs. Si CL variation diagram of the Buzzard 
Creek basalt and other Alaskan basalts.
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the basalt is derived from a relatively primitive, 

undifferentiated source.

Crystallization History

Pyroxene and olivine started to crystallize early as 

indicated by large phenocrysts. There were two pyroxenes 

formed, augite and hypersthene. Fine-grained plagioclase 

laths began to crystallize during flow as suggested by the 

trachytic texture. The pyroxene crystals, particularly the 

calcium-rich pyroxenes, were slightly fractionated. This 

is suggested by the hour glass zoning. During eruption the 

early-formed pyroxene and olivine crystals were fractured 

and partially resorbed. Vesicles formed due to a vapor 

phase within the magma. Pieces of the metarhyolite country 

rock were incorporated into the basaltic magma during erup

tion, and occur as inclusions of quartz and alkali feld

spars .



34

14C Dating

Five charcoal samples found above and below the basal

tic lapilli at Buzzard Creek were analyzed for C age 

determinations. Of the five samples analyzed, only three

samples contained sufficient quantities of charcoal for 
14meaningful C anal/sis. Of these three samples, two con

tained the minimum sample size for meaningful 
14C dating (H. Krueger, personal communication)(table 3).

Two duplicate samples of charcoal found below the basalt 

ejecta of the larger crater (plate 1) yielded 1 C ages of 

3585 + 235 and 2695 + 220 years B.P. The mean of these 

samples is 3140 years B.P. Three and three tenths km nor

theast of these samples, charcoal from sample MR78-78A' 

taken directly above a thin layer of basaltic cinders (table 

3) yielded a 1Zt C age date of 2910 + 230 years B.P. (plate 

1). These data indicate that the age of eruption of the 

basalt is approximately 3000 + 230 years B.P.

This age is compatible with the stratigraphic evidence 

suggesting that the basalt is younger than 10,000 years B.P. 

Also, the Buzzard Creek basalts were estimated to be approx

imately 2 , 0 0 0  years old on the basis of the relatively young 

geomorphic appearance of the craters (R. Reger, personal 

communication) .



Table 3. C Dating of the Buzzard Creek area.14

Sample No. Material Age in years Amount of Strati graphic
dated sample position

material 
(mi 11i grams)

MR 7 8--781’ 
(GX-C020)

charcoal 2910 + 230 50 A dark humus layer at the base of 
a 1.6 cm layer of modern organics 
which overlies 2 cm of basaltic 
ejecta.

MR78-81 
(GX-6021 )

charcoal 3585 + 235 110 A discontinuous organic layer 
to 1.2 cm thick overlain by a 
41 cm thick layer of basaltic 
ejecta.

up

MR78-81’ charcoal 2695 + 220 50
(GX-6022) 
replicate

Note: These dates are based on the Libby half-life (5570 years) for '^C. The error stated is
+ 1 a as judged by the analytical data alone. The age is referenced to the year
A.D. 1950. The smallest possible sample size for meaningful ^ C  dating is 50 milligrams
(H. Krueger, personal communication).

A second sample from the same unit 
as above.
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Magnetic Data

The magnetic survey of the Buzzard Creek area includes 

the two craters, their associated rims and ejecta blankets, 

and the basalt found three km northeast of the craters (fig. 

14). The average magnetic susceptibility of the basalt and 

the schist were found to be 1160 x 1 0 - 1 0 emu/cc and 13.5 x 

1 0 -i°emu/cc respectively. A contour map of the magnetic data 

using a contour interval of 50 gammas is shown in figure 15. 

This contour map shows positive anomalies located primarily 

on the two crater rims and their ejecta blankets. The 

presence of magnetic anomalies associated with the craters 

and rims suggests that the sources of the ejected basalts 

are located at the two craters, as discussed below.

A magnetic profile which bisects the larger rim was 

surveyed at station intervals of 1 0 0  ft (30.5 m)(fig. 16). 

This profile, which is aligned in a general magnetic north- 

south direction, has a sharp negative and positive anomaly. 

These anomalies could be caused by the subsurface structure, 

or the surface geology.

If basalt filled a volcanic vent, it is still present 

near the surface below the crater, and it may produce the 

magnetic anomaly observed. If one approximates the vent by 

a vertical cylinder, a north to south traverse in the nor

thern hemisphere should show a positive anomaly to the south 

of the feature and a negative anomaly to the north of the
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Fig.14. Magnetic data (in gammas) and qeoloqy of the 
Buzzard Creek area (see plate 1 for key to geology).



Fig.15. Contour map of the magnetic data of the Buzzard 
Creek area in 50 gamma intervals (dark lines) superimposed 
on the geologic map
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Fig.16. Magnetic profile accross the larger maar of the 
Buzzard Creek area (dark line) superimposed on the topography 
of the area (light line). See fig 15 for the location of 
the magnetic profile.
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center of the feature (Breiner, 1973) (fig. 17). This is 

the direct opposite of the magnetic signature in the north- 

south profile through the crater at Buzzard Creek. This 

could be explained by assuming the crater and associated 

basalt were formed during a reversed polarity of the ma g 

netic field. A reversed polarity, however, is highly un

likely because of the age of 3,000 yrs BP. for the basalt. 

Also, the anomalies produced by an appropriate vertical 

cylinder would not be sharp, narrow anomalies, as those in 

figure 16, but broader features.

Assuming a normal polarity, the anomalies of the north- 

south profiles may be explained by the presence of highly 

susceptible basalt in the blanket of ejecta which is 

distributed in a northeast direction from the crater. The 

shape of the ejecta blanket can be approximated using a 

model of a serai-infinite horizontal thin s h e e l . North-south 

and east-west profiles through a semi-infinite horizontal 

thin sheet are shown in figure 18. The north-south magnetic 

profile in this figure is the same general shape as the mag

netic profile obtained at Buzzard Creek. The ratios of 

horizontal distance to the depth to the sheet in figure 18 

show that as the depth to the horizontal sheet decreases, 

the horizontal distance of the anomaly decreases. A 

horizontal sheet at the surface should have a steep mangetic 

profile, which is evident in figure 16. Therefore, the m a g 

netic profile obtained at the larger crater at Buzzard Creek
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Fig.17. Magnetic profile through a vertical cylinder 
After Breiner, 1973.
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Fig. 18. Magnetic profile of a semi-infinite horizontal 
thin sheet. After Telfore et al. 1 976. x = horizontal 
distance to the edge of the thin sheet and d = depth to 
the thin sheet. Solid line shows a north-south traverse; 
dotted line shows an east-west traverse.
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is probably caused by the basalt within the blanket of ejec

ta located northeast of the crater.



Geologic Interpretation

The craters at Buzzard Creek are broad and shallow fea

tures. Each crater contains a small lake, which suggests 

close proximity to the water table. The ejecta which com

prise the crater rims contains 80% country rock fragments 

and 2 0 % juvenile volcanic material.

According to Heiken (1971) the morphology of a volcanic 

feature, particularly the height to width ratio can be used 

to interpret the nature and origin of the feature. In a 

phreatomagmatic eruptions forming maars or tuff rings, large 

volumes of steam and water vapor are generated which spread 

ejecta away from the vent. The craters produced by such 

eruptions are generally broad and shallow with height to 

width ratios of 1:10 - 1:30 (Heiken, 1971) . This ratio ap

parently does not apply to currently active or extremely 

young maars, as the Ukinrek Maars, which erupted in 1977, 

have a height to width ratio of 1:4. Purely magmatic erup

tions with little or no water produce cinder cones often 

through lava fountaining. The summit craters of cinder 

cones are steeply dipping depressions with height to width 

ratios of 1:5 - 1:16 (Heiken, 1971). The height to width 

ratio of 1:22 for the larger crater at Buzzard Creek 

suggests that the crater is either a maar or tuff ring. The 

primary distinction between maars and tuff rings is that a 

maar floor forms below the pre-eruption surface (as a nega

hh
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tive feature) whereas a tuff ring forms above the pre

erupt ion•surface (as a positive feature). According to 

Lorenz (1973) this difference is a function of the depth of 

the eruption source. A maar has a deeper eruption source 

than a tuff ring (fig. 19). Consequently, larger amounts of 

country rock are involved in a maar eruption than in a tuff 

ring. Maar ejecta can contain more than 60% country rock, 

whereas tuff ring ejecta often consists of less than 1 0 % 

country rock (Lorenz, 1973). Lorenz (1973) also inferred 

that tuff rings tend to form above the water table while 

maars tend to form near the water table, and frequently e x 

pose small lakes.

The pre-eruption surface of the larger crater can be 

inferred from the slope of the surrounding terrain. Figure 

2 0  shows three profiles which are oriented parallel to the 

slope of the terrain near the larger crater. Profile B 

intersects the larger crater and associated rim. Profiles 

C and D are located approximately 1/4 mile northwest and 

southeast, of profile B, respectively (see plate 1 for exact 

location of these profiles). Profiles C and D are superim

posed on profile B to show the slope of the terrain on each 

side of the crater. The pre-eruption surface can be in

ferred along profile B by subtracting the thickness of the 

ejecta blanket and extending this slope upwards, using a 

slope similar to those of profiles C and D. This inferred 

pre-eruption surface suggests that the larger crater is a
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Fig.19. Schematic section through maar-diatreme and tuff-ring 
diatreme volcanoes (after Lorenz, 1973).
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Profile B bisects the larger crater 
and rim.

--------Profile C is located aDproximately 500
m northwest of B.

.......  Profile D is located aDproximately 500
m southeast of B.

4000 --------Inferred pre-eruption surface along

(0.61) Vertical exaggeration 1:3

Fig. 20. Profiles in the Buzzard Creek area, and 
inferred pre-eruption surface (see Fig. 1 for exact 
locations of the profiles).
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negative feature.

According to Lorenz (1973) the ejected volume of a maar 

should be larger than the volume of the crater below the 

pre-eruption surface, because the ejected volume equals the 

volume of country rock ejected from the crater plus the 

volume of juvenile material added to the system. A rough 

approximation of the volume of the crater below this in

ferred pre-eruption surface is 400,000 m ^ . The estimated 

ejected volume of ejecta using the dimensions of the ejecta 

blanket associated with the larger crater is roughly 700,000 

m 3. This figure is a minimum value, as it does not account 

for the thin layer of basaltic lapilli found up to three km 

northeast of the craters. These figures, although very 

approximate, suggest that, if the assumptions concerning the 

size of the pre-eruption surface and the distribution of 

pyroclastic ejecta are correct, the ejected volume is larger 

than the volume of the crater below the pre-eruption sur

face.

In summary, the evidence that the larger crater floor 

formed below the pre-eruption surface, the proximity to the 

water table, the high percentage of country rock within the 

rim material and the volumetric relationships suggest that 

the craters at Buzzard Creek are maars rather than tuff 

rings. The primitive nature of the basalt suggests the ex

istence of a deep conduit, possible a crust perforating dike 

or diatreme.



JUMBO DOME

Field Relationships and Structure

Jumbo Dome is a large cylindrical plug of hornblende 

andesite 1.6 km long, 1.3 km wide, and 500 m high which in

trudes the Devonian Keevy Peak Formation basement and over- 

lying Tertiary Suntrana Formation. The Keevy Peak Formation 

consists of quartz-sericite schist, quartzite, purple and 

green metaarkose, marble, and calcareous schist. The Sun

trana Formation consists of interbedded, poorly consolidated 

cross-bedded, pebbly quartz sandstone and silty claystone 

which weathers to a white color. Subbiturninous coal occurs 

within this formation as thick, laterally persistent beds 

(Wahrhaftig, 1970b). These coal beds overlie the basement 

of the Keevy Peak Formation. Contacts between the Suntrana 

Formation and Jubmo Dome andesite are observable at the base 

of the southwest and southeast flanks of Jumbo Dome (fig.

21). Most of the contact zone between the Suntrana Formation 

and and the Jumbo Dome andesite is obscured by masses of an

desite rubble formed during the last three Pleistocene 
*

glaciations (Wahrhaftig, 1949). The coal-bearing group is 

folded into an anticline near the contact with the plug and 

flattens toward the south to nearly horizontal beds (Wahr

haftig , 1949) .

The Jumbo Dome andesite is a porphyritic andesite v/ith 

dark red hornblende phenocrysts in a light red trachtyic 

groundmass of plagioclase laths, c 1 inopyroxene, and opaque

4Q
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Fig. 21. A view of the southwest section of Jumbo Dome. Note the 
white Suntrana Formation at the base of the dome.

fe
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minerals. Occasional fragments of light gray andesite with 

black hornblende phenocrysts were found in the talus of Jum

bo Dome. The andesite contains scattered feldspar crystals 

1 to 5 mm in diameter. The hornblende phenocrysts generally 

define a flow banding with rare crystals found in radiating 

patterns. In the southern part of Jumbo Dome, thin flow 

bands are defined by slight color difference. The attitudes 

of these flow bands parallel the attitudes of nearby joints.

Several attitudes of joint planes and flow banding were 

measured and show dips from 90 to 45 degrees towards the 

center of Jumbo Dome in a radiating pattern (plate 2). The 

orientation of the hornblende crystals are also parallel to 

these radiating features. This suggests that the hornblende 

phenocrysts had partially crystallized as the magma moved 

upward and became aligned parallel to flow directions.



Petrology

Microscopic Examination

The hornblende andesite of Jumbo Dome is composed of 

approximately 1 1 % hornblende which occurs as euhedral 

phenocrysts in two predominant sizes averaging 2 mm and 0 . 5  

mm in length. These hornblende crystals show strong 

pleochroism (x = greenish tan, y = tan, z = dark reddish- 

brown) with extremely low extinction angles (often parallel 

extinction) which suggests that they are basaltic horn

blende. The euhedral hornblende crystals show optically 

contiguous, concentric and oscillarory zoning (fig. 22). At 

the core of some of these crystals, broken fragments of 

clincpyroxene and plagioclase occur. Reaction rims of mag

netite occur around the hornblende phenocrysts. Pyroxene 

also occurs as subhedral to euhedral phenocrysts up to 0 . 5  

mm in diameter in the andesite. The pyroxene has a low 

birefringence, small axial angles (2V ~ 30°), an extinction 

angle of 40°, and faint pleochroism (x = clear, y = z = light 

tan) . The pyroxene contains very fine inclusions of 

plagioclase and opaque minerals. Weak hour glass zoning oc

curs in many of the pyroxene phenocrysts. Euhedral to sub

hedral plagioclase varies in size from 0.4 to 0.2 mm in 

length. These plagioclase crystals exhibit albite twinning, 

pericline twinning, and Carlsbad twinning. Many of the 

grains exhibit concentric zoning (fig. 23), with more calcic
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I

4------>
0.1 mm

Fig. 22. Photomicrograph of a zoned basaltic hornblende phenocryst 
from the Jumbo Dome andesite under plane light. Note the opaque 
rim around the outer edge of the crystal.



cores (up to An {(anorthite)) 56) than exteriors (An40).

The groundmass consists predominantly of very fine

grained plagioclase with very fine-grained crystals of 

c l i n o p y r o x e n e , hornblende, and opaques. The plagioclase 

crystals form a trachytic texture, although there are a 

large number of crystals with random orientation.

These rocks contain inclusions of single crystals of 

highly strained quartz and calc silicate aggregates up to 

6 cm in diameter composed of phlogopite, calcite, and 

plag ioclase.

Geocnem istry

Three samples of the Jumbo Dome hornblende andesite 

were analyzed for major oxide geochemistry. The results are 

listed in table 2. The andesite is quartz normative which 

places it in either the tholeiitic or calc-alka 1 ine fields 

of Irving and Baragar, (1971). Plotted on an AMF diagram, 

these rocks appear to show an iron enrichment trend (fig.

9). This trend may be fortuitous as it is defined by only 

three data points. According to Irving and Baragar (1971), 

when dealing with basalts and andesites, the alumina content 

is more indicative of the series than the AMF diagram. The 

high A l c o n t e n t  of these rocks and their position of the 

Al 2‘0 j vs normative plagioclase diagram (fig. 10) suggests 

a calc-alkaline affinity.

The mineralogy of the Jumbo Dome andesite is c'narac-

54
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0.5 mm

Fig. 23. Photomicrograph of a plagioclase crystal from the Jumbo 
Dome andesite. The interior of the crystal is labradorite (An56).
The dark rim within the crystal outline appears to be glass which 
probably formed as a result of rapid crystal growth. The plagioclase 
which subsequently rimmed this glass is oligoclase (An4o) and could 
be post-intrusive growth.



teristic of rocks of the calc-alkaline series (Irving and 

Baragar, 1971) In addition, because tholeiites commonly 

contain two types of pyroxenes (Deer, Howie, and Zassman, 

1966), the presence of only one type of pyroxene in the an

desite supports the interpretation that the andesite is 

c a l c - a l k a l i n e .

Crystallization History

Jumbo Dome andesites were probably produced from a mag 

ma which first formed pyroxene and plagioclase crystals. 

This is suggested by the large plagiocalse phenocrysts and 

pryoxene in the interior of the amphibole phenocrysts. 

Hornblende began to crystallize at the expense of the pyrox 

ene crystals, while other pyroxene crystals developed hour 

glass zoning, possibly due to fractionation. According to 

Deer, Howie and Zussman (1966), basaltic hornblende forms 

as a result of the oxidation of hornblende, and involves 

temperatures in excess of 300°C. The combination of 

trachytic texture together with randomly oriented grains 

suggests crystallization continued after cessation of flow. 

The concentric and oscillatory zoning of the hornblende 

phenocrysts suggests that the phenocrysts did not crystal

lize slowly in equilibrium with the melt.
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K-A_r Dating

Two samples of andesite from Jumbo Dome were dated by 

the K-Ar method to compare with the previously determined 

K-Ar basaltic hornblende age of 2.79 + 0.25 m.y. (Wahr

haftig, 1970b, and Marvin Lanphere, United States Geological 

Survey, personal communicat ion) . Sample MR73-3, a light 

reddish-brown andesite with dark reddish-brown hornblende 

phenocrysts yielded a hornblende age of 0.80 + 0.03 m.y. 

and a duplicate analysis of 0.85 + 0.05 m.y. Sample 

MR78-27, a light gray andesite with black hornblende 

phenocrysts yielded a K-Ar plagioclase age of 4.7 + 0.14 

m.y. (table 4). Stratigraphic evidence suggests that Jumbo 

Dome is younger than the Suntrana Formation, which is 

Miocene, and older than the Dry Creek glaciation, which 

ended approximately 200,000 years 3.P. (Pewe, 1975). The 

four K-Ar ages of the Jumbo Dome andesite all fall within 

this time period. Because of the discordant nature of the 

K-Ar ages of the Jumbo Dome andesite, the problems inherent 

in interpreting K-Ar age data must be discussed.

Ages which are too young can be caused by the loss of 

radiogenic 40Ar . Argon can be lost due to alteration or 

reheating. The young age date of sample MR78-3 is not 

likely to have been caused by either of these effects. 

Petrographic study showed no evidence of alteration and 

there is no geologic evidence for nearby, young igneous



Table 4. Analytical data for K-Ar age determinations on Jumbo Dome andesite. 
Note: = the mean of 4 samples; rad = radiogenic

Sample No. Mineral K^O (weight %) 4 0 ^ 40„ Ardated rad (%) rad

40K x 10“3

MR78-B hornblende x^ = 0.823 4.50 4.811

MR78-B hornblende = 0.800 4.55 4.971
(rep!icate)

MR78-27 plagioclase x4 = 0.367 11.92 2.718

47Awg-142 hornblende 0.866 9.6

Age (m.y.) + 1 a

0.80 + 0.03 

0.86 + 0.05

4.67 + 0.14 

2.79 + 0.25

*from M. A. Lanphere, U.S. Geological Survey, unpublished data
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bodies which could have reheated the andesite.

Age determinations which are too old can be caused by 

extraneous argon. There are three major ways extraneous ar

gon can originate. These are; 1) excess argon, which has 

been incorporated into rocks and minerals by processes other 

than in situ radioactive decay (for example, by diffusion) , 

2) inherited (metamorphic) 40 Ar which was generated during 

a pre-metamorphic event and has survived the event, and 3) 

inherited (contamination) i+0Ar which is due to incorporation 

of contaminating mineral grains into the dated sample as 

xenoliths or inclusions.

Inherited (metamorphhic) 40 Ar can cause anomalous K-Ar 

ages in plutonic or metamorphic rocks, while inherited (con

tamination) Ar can cause anomalously old ages in volcanic 

rocks because volcanic rocks commonly contain foreign inclu

sions (Dalrymple and Lanphere, 1969). Occasional xenoliths 

were present in the Jumbo Dome andesite, but were not ob

served in the samples selected for K-Ar analysis. 

Petrographic analysis indicates that it is unlikely, but not 

impossible that inherited (contamination) 40Ar could have 

caused the discordant K-Ar ages of the Jumbo Dome andesite.

Although the occurence of excess argon is not common in 

continental extrusive rocks, it has been documented for cer

tain minerals, including hornblende (Pearson et al . , 1966) 

and plagioclase (Dalrymple, 1969, and Damon et al . , 1967).

A small amount of excess argon produces the greatest effect
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on the apparent K-Ar age of minerals with a low potassium 

content (Dalrymple and Lanphere, 1969). In the Jumbo Dome 

andesite, the sample with the lowest K ?0 content does 

produce the oldest age. This relationship suggests that the 

older K-Ar ages may have been increased by excess argon. It 

has also been found that, although the occurence of excess 

argon in continental extrusive rocks is infrequent, excess 

Ar does occur in these environments and can cause problems 

with the apparent K-Ar age of relatively young rocks (Dal

rymple and Lanphere, 1969).

Therefore, the discordant nature of the Jumbo Dome an

desite K-Ar ages can be best explained by the presence of 

excess 40A r . This analysis suggests that the younger ages 

obtained reflect the age of c r y s t a l 1 ization of the andesite 

while the older ages have been produced by the effects of 

a small amount of excess or inherited (contamination) argon 

in young (Pleistocene) samples wiht a low 0 content.
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Geologic Interpretation

The andesite of Jumbo Dome appears to form a plug that 

intruded the Keevy Peak Schist and the Suntrana Formation 

probably during the Pleistocene. The crystallization of its 

multiply zoned hornblende crystals shows that the Jumbo Dome 

andesitic magma did not cool slowly in equilibrium but ex

perienced several stages of cr ys tal 1 i za t ic n under various 

temperature and pressure conditions.
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THE SUGAR LOAF MOUNTAIN AREA

Field Relationships and S tructure

Sugar Loaf Mountain is capped by a mass of generally 

white rhyolite about 300 m long, 500 m wide and 30 m in 

thickness. The rhyolite grades upward from a black perlitic 

unit at the base to dense white rhyolite and becomes in

creasingly vesicular near the top of the mountain.

The rhyolite was erupted through a basement of Precam- 

brian to Paleozoic quartz mica schist. Isoclinal recumbant 

folds are prevalent in the schist with fold axes trending 

in a predominant east-northeast direction (fig. 24) and 

plunging northeast approximately 1 0  degrees.

Flow banding occurs in the rhyolite (fig. 25) and is 

defined by parallel fractures accompanied by some variation 

in the color of the banding. The banding averages 4 cm in 

thickness and displays gently undulating surfaces oriented 

almost perpendicular to well developed columnar joints 

within the rhyolite mass. The joints have hexagonal 

outlines approximately 30 cm wide on the southeast part of 

the rhyolite mass (fig. 26), whereas in the south part of 

the outcrop, the joints exhibit rectangular outlines approx

imately 1 2 cm wide (fig. 27).

Rhyolite breccia is also present in talus in the north 

and sourh sections of the rhyolite mass. In addition, on 

the crest of Sugar Loaf Mountain rhyolite, scattered angular



T
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Fig. 25. Flow banding in the rhyolite of Sugar Loaf Mountain.
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Fig. 26. Hexagonal columnar joints located in the southeast section 
of Sugar Loaf Mountain.
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Fig. 27. Rectangular columnar joints located in the south section 
of Sugar Loaf Mountain.
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fragments of chalcedony up to 4 cm in diameter occur within 

the rhyolite.

The black perlites at the base of the rhyolite overlie 

a 2.5 meter-thick unit of gray s e m i -conso1 idated silt with 

coal partings. This coal-bearing layer was interpreted by 

Wahrhaftig as part of the Healy Creek Formation which is 

Oligocene to Miocene in age (Wahrhaftig, 1968, 1970b). The 

northeast part of the rhyolite overlies a horizontally 

discontinuous layer of hornblende andesite approximately 2 

m thick. Attitudes in this andesite dip at shallow angles 

toward the rhyolite, suggesting that the andesite may be a 

sill.

The hornblende andesite in contact with the southwest 

outcrop of the rhyolite has a very steep, almost vertical, 

contact with the rhyolite. This andesite contains nearly 

vertical, closely spaced, rectangular joints which dip away 

from the contact. These joints average 12 cm in width and 

steepen towards the contact, suggesting that the andesite 

may represent a volcanic neck or plug. Near this contact 

similar andesite appears to have intruded the rhyolite (fig. 

28) .

To the northwest, 10 m below this andesite lies a 

1 0 -m-thick unit of andesite breccia consisting of 

subangular, highly-weathered andesite fragments up to 3 cm 

in diameter, subangular white quartz up to 4 cm in 

diameter, and occasional fragments of rhyolite up to 6 cm
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Fig. 28. Looking north at rhyolite (white) and andesite (dark brown) 
of Sugar Loaf Mountain. Note the areas of andesite which appear to 
have intruded the rhyolite.

ft



in diameter wh ich contain occasional calcite vug s u d  to one 

cm in diameter. The andesite appears to be a flow breccia'.

The mineralogy of the andesite within the breccias is 

similar to that of the steeply dipping andesite bordering 

the Sugar Loaf rhyolite. This relationship suggests that the 

source of the flow breccia is probably located at the an- 

desitic plug t fig . 29) .

Two additional rhyolite masses occur within the Sugar 

i_oai. Mountain area and are located 1.2 km southeast and 2.4 

km south of Sugar Loaf Mountain. The mineralogy of these 

rhyolites is similar to that of the Sugar Loaf Mountain 

rhyolite. K-Ar age dating discussed in a subsequent section 

indicates that the three rhyolite bodies are comtemporaneous 

within the limits of precision of the dating method. The 

Two southern rhyolites are associated with hornblende an- 

desites which oorder or appear to have erupted through the 

rhyolite mass (plate 3). The mineralogy of these andesites 

is similar to the andesites of Sugar Loaf Mountain. Stil— 

bite occurs in radiating crystals up to 1 cm in diameter on 

the fractured surfaces of the hornblende andesite.

In addition to the andesites associated with the 

rhyolites, several highly weathered andesitic bodies are 

present in the map area (plate 3). These bodies occur as 

isolated masses generally less than 500 m wide with steeply- 

dipping joints. The rock type of these weathered bodies is 

a light gray, fine-grained porphyritic andesite with

6P
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Fig. 29. Looking northeast at the Sugar Loaf Mountain rhyolite (white), 
the andesite plug (dark brown) and the andesitic flow breccia (light 
brown).



phenocrysts of plagioclase and hornblende. This andesite, 

particularly its hornblende phenocr ys ts i s partially al

tered to calcite.
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Petrology

Microscopic Examination

The basal xn it of black glass contains concentric frac

tures and approximately 2 % crystals consisting of 1 % quartz, 

< 1 % alkali feldspar, and < 1 % biotite and opaque minerals.

The quartz occurs as subhedral to euhedral crystals ranging 

from 0.7 mm to 0.2 mm in diameter. These crystals show 

little or no evidence of straining. The quartz crystals ex

hibit fractures which often divide the crystal into many in

dividual, irregularly-shaped fragments separated by the 

matrix. In addition, some of the larger quartz crystals 

contain rounded embayments of groundmass which suggest 

resorption. The feldspars are subhedral to euhedral and 

fall into three size distributions averaging 1.8 mm, 0.7 mm 

and 0.1 mm in length. The alkali feldspar crystals contain 

Carlsbad twinning. Although many crystals occur as in

dividual phenocrysts, others are found in irregular ag

gregates. The biotite occurs as subhedral crystals approx

imately 0.9 mm in length. These crystals are pleochroic 

with x = y = light brown, z = dark brown. Some of these 

biotite crystals contain feldspar and opaque inclusions.

Directly above the perlitic layer is a compact rhyolite 

which contains almost vertical four-sided columnar joints. 

This rock is a white, dense microporphyritic rhyolite with 

occasional fine-grained quartz phenocrysts and an aphanitic
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groundmass consisting of predominately quartz with 

subordinate alkali feldspars. This rhyolite has faint 

purple flow banding up to 4 mm wide and contains approx

imately 5% quartz which occurs as subhedral, hexagonal 

phenocrysts averaging 2.5 mm in diameter. The quartz 

crystals, particularly the larger phenocrysts, are frag

mented. Small fragments of the quartz crystals occur near 

the parent crystal. Some of the larger quartz crystals ex

hibit resorption textures. The rhyolite also contains 

approximately 5% alkali feldspar which ranges from 0.5 - 1 

mm in diameter. The feldspar occurs as individual euhedral 

crystals or as anhedral aggregates up to 0 . 6  mm in diameter. 

One of these aggregates was observed to contain subhedral 

quartz grains growing around an anhedral alkali feldspar 

grain.

The groundmass comprises 90% of the rhyolite and con

sists of quartz with minor alkali feldspars and opaques. 

There is less than 1% clay alteration in the groundmass.

A sample of a dense rhyolite forms an outcrop approx

imately 1.3 km southeast of Sugar Loaf Mountain and contains 

occasional shard-like structures (fig. 30) which are common 

in ash flow tuffs (Ross and Smith, 1961). This rhyolite also 

contains quartz phenocrysts with broken fragments separated 

by a thin layer of the groundmass (fig. 31).

Progressing upward in the sequence, the rhyolite

becomes more vesicular. This vesicular rhyolite contains
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0.1 mm

Fig. 30. Photomicrograph of features resembling ash shards in a 
vesicular rhyolite of the Sugar Loaf Mountain area.

i
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0.5 mm

Fig. 31. Photomicrograph showing a chipped quartz phenocryst 
in a vesicular rhyolite from the Sugar Loaf Mountain area.
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fine-to-medium-grained quartz, alkali feldspar, and rare 

plagioclase. The groundmass consists predominantly of 

devitrified glass and quartz. Very small amounts of sub

hedral hypersthene with clear-to-green pleochroism (x = y 

= clear, z = light green) is present in the groundmass.

These rocks are found at the top of Sugar Loaf Mountain.

Extremely vesicular rhyolite with vesicles up to 5 mm 

in diameter occurs in talus on the northwest section of 

Sugar Loaf Mountain. This vesicular rhyolite contains fine 

flow banding. The groundmass is predominantly quartz and 

devitrified glass with a high alkali feldspar content. The 

quartz occurs in four forms in this rock: 1 ) as phenocrysts, 

2 ) as needle-and-prism - 1  ike grains growing within the 

borders of large vesicles, 3) as slightly corroded ag

gregates, and 4), in the groundmass, possibly as devitrified 

glass. These rocks also contain <1% subhedral alkali feld

spars 1 .0 - 1 .5 mm in length and < 1 % subhedral biotite 0 .5 - 1 . 0  

mm in 1 eng t h .

The quartz which occurs as phenocrysts consists of sub

hedral to euhedral hexagonal grains averaging 2 mm in 

diameter. Some grains exhibit resorption textures. These 

grains show little evidence of straining. The quartz lining 

the vesicle walls forms needle-like and wedge-like shapes 

(fig. 32). These crystals average 0.7 mm in length. The 

form of these crystals is similar to that of tridymite, al

though the optical properties of the grains are those of
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4------------ »
0.5 mm

Fig. 32. Photomicrograph of wedge shaped quartz crystals lining 
the wall of a large vesicle in a rhyolite from the Sugar Loaf 
Mountain area.
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quartz. The quartz found in irregular aggregates is similar 

to that found in the vesicles in size and in form.

Therefore, this quartz might have been formed by completely 

filling in smaller cavities.

The groundmass shows some alignment in one direction 

suggesting flow orientation. The quartz grains are frag

mented and irregular, and occasionally are seen in an 

acicular habit. The entire groundmass is composed of quartz 

and devitrified glass.

The andesite associated with the Sugar Loaf rhyolite 

contains approximately 15% euhedral plagioclase phenocrysts. 

The plagioclase contains dendritic textures and ranges in 

composition from oligoclase (An~20) exteriors to labradorite 

(An51) interiors. The andesite also contains 4% euhedral 

to subhedral hornblende with strong green-brown pleochroism 

(x = light tan, y = greenish tan, and z = dark b r o w n ) . The 

hornblende is found in two major size distributions 

averaging 4 mm and 1 mm in length. The crystals show 

resorption texture, and many display opaque (magnetite) 

rims. Hypersthene is found within some of the grains. The 

pyroxene comprises 3% of the rock and is found as subhedral 

crystals approximately 0 . 2  mm in diameter in the grcundmass. 

The hypersthene shows weak pleochroism (x = z = tan, y = 

light green) and is negative with parallel extinction. 

Fractures occur along the width of the pyroxene grains, and 

most of the crystals show no evidence of zoning, although
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a few grains exhibit hour glass zoning. Plagioclase 

phenocrysts comprise approximately 15% of the rock. These 

crystals exhibit dendritic textures. These crystals range 

in composition from andesine (An~2 0 ) exteriors to 

labradorite (An51) interiors. The plagioclase crystals oc

cur as clusters surrounding the pyroxene or as individual 

crystals. Hematite alterations occur along the outer rims 

of some of the crystals. The groundmass consists of approx

imately 50% very-fine-grained plagioclase laths with a 

trachytic texture, 25% anhedral green-brown clay alteration, 

3% subhedral opaque minerals, and <1% very-fine-grained 

qua r t z .

The subophitic basalt that forms dikes within the Sugar 

Loaf Mountain area consists predominantly of plagioclase 

crystals approximately 0.9 mm in length. The plagioclase 

is labradorite (An60) and exhibits Carlsbad twinning. These 

rocks contain approximately 15% subhedral to anhedral 

clinopyroxene approximately 0.4 mm in diameter which are 

positive with extinction angles of 45. Also, 10% olivine 

is present (biaxial negative with 2V = 75). Small amounts 

of clays and calcite have formed as alteration products.

Geochem istry

Three rocks were sampled from the Sugar Loaf region for 

major oxide geochemical analysis. Two of these samples were 

taken from the rhyolite of Sugar Loaf Mountain, and one
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sample was taken from the andesite which borders the Sugar 

Loaf Mountain rhyolite. The results are listed in table 2. 

The close spatial proximity of the rhyolite and andesite 

suggests that they are probably genetically related.

The Sugar Loaf andesite is quartz normative which 

places it in either the calc-alkaline or tholeiitic series 

(Irving and Baragar, 1971). The high alumina content of the 

andesites and the Al 90 3vs normative plagioclase content 

diagram (fig. 10) suggest a calc-alkaline affinity (Irving 

and Baragar, 1971). The mineralogy of the andesite, which 

consists of plagioclase phenocrysts with subordinate pyrox

ene and hornblende, is common for rocks of the calc-alkaline 

series (Irving and Baragar, 1971). According to Irving and 

Baragar (1971), all rhyolites are placed within the calc- 

alkaline series. Therefore, both the Sugar Loaf Mountain 

rhyolite and andesite are probably calc-alkaline.

Crystallization History

Alkali feldspars, quartz, and subordinate biotite 

crystallized early in a rhyolitic magma. The magma cooled 

rapidly forming a fine-grained crystalline groundmass at the 

base of the rhyolite mass, and a glassy groundmass in the 

upper section of the rhyolite mass. Some of the quartz 

phenocrysts were resorbed, probably due to a decrease in 

pressure during upward movement. The quartz and feldspar 

phenocrysts were chipped, suggesting flow of the crystals
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within the melt. This flow was probably slow because the 

broken fragments of phenocrysts were not carried far from 

the original phenocrysts. In some areas a black glass with 

a perlitic texture formed. A large mass of white rhyolite 

formed above this perlite. A vapor phase rose up through 

the rhyolite magma. The rhyolite in the lower section was 

compacted, while vesicles formed in the rhyolite in the 

upper section. Tridymite, which forms in temperatures in 

excess of 870°C (Deer, Howie, and Zussman, 1966) lined the 

cavities of some of these vesicles. Later, as the tempera

ture decreased, the tridymite inverted to quartz. Chal

cedony formed on the upper surface of the rhyolite mass as 

a case-hardening effect.

After the solidification of the rhyolite mass, an an- 

desitic magma intruded the rhyolite. The early hypersthene 

and plagioclase crystallization within the andesite magma 

is suggested by the presence of the phenocrysts. The hyper

sthene is weakly zoned, probably due to the early stages of 

fractionation. Hornblende began to grow at the expense of 

the hypersthene, and, as the plagioclase crystals grew 

outwards, they became more sodium-rich. This magma erupted 

through the rhyolite. The magma was then supercooled. The 

rapid cooling caused the plagioclase grains to form den

dritic textures (Lofgren, 1974). Warm fluids locally per

colated through the andesite forming stilbite on fractured 

surfaces. The glass within the groundmass of the upper sec-



tion of the rhyolite eventually devitrified.



K-A_r D a t i n g

The Sugar Loaf rhyolite was previously interpreted to 

be Pal e o c e n e . Four samples of rhyolite from the Sugar Loaf 

Mountain area were analyzed for K —Ar whole— rock age deter

minations. Sample number MR78-2 is a vesicular rhyolite 

taken near the top of the rhyolite mass of Sugar Loaf Moun

tain. Sample number MR73-39 is a dense rhyolite taken near 

the base of the rhyolite mass. Sample number MR78-58 was 

taken from the rhyolite mass 1.2 km southeast of Sugar Loaf 

Mountain, and sample number MR78— 50 was taken from a 

rhyolite mass located 4.0 km southeast of Sugar Loaf Moun

tain (plate 3). Samples MR78-39, MR78-50, and MR78-58 meet 

petrologic criteria for reliable ages. Sample MR73-2 con

tains devitrified glass in the groundmass and may be inter

preted as a minimum age. However, its excellent agreement 

with the ages of the reliable samples suggests that its age 

is also reliable. These rhyolites give whole-rock ages 

ranging from 32.4 + 1.0 m.y. to 35.2 + 1.0 m.y. (Table 5). 

These dates indicate a middle Oligocene age for the Sugar 

Loaf rhyolites. Field relationships suggest that the as

sociated andesites are younger than the rhyolites.



Table 5. Analytical data for K-Ar age determinations on rhyolites from the Sugar Loaf 
Mountain area.
Note: x4 = mean of 4 samples; rad = radiogenic

Sample Mo. Mineral K?0 (weight %) 40„ 40„ . , , ,
dated L rad (%) Arrad Age (m.y.) + 1

40K x 10-3

MR78-2 whole rock x4 - 4.425 96.44 2.016 >34.4 + 1

MR78-2 whole rock x. = 4.425 93.00 2.001 >34.1 + 1
(replicate)

MR78-39 whole rock x4 = 4.344 94.28 1.900 3 2 . 4 + 1

MR78-39 whole rock x- = 4.344 91.87 1.916 3 2 . 7 + 1
(replicate)

MR78-50 whole rock x4 - 3.277 84.67 2.065 35.2 + 1

MR78-58 whole rock x4 = 4.729 89.19 1.934 3 2 . 8 + 1

OO
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Geolog ic Interpretation

Daring the Eocene, the Sugar Loaf Mountain area was 

subject to east-west tensional stress which allowed basal

tic dikes to intrude the basement schist. During the early 

Oligocene, (31 to 35 m.y. B.P.) various rhyolite masses were 

erupted through the schist.

The features resembling ash shards in the Sugar Loaf 

Mountain rhyolite and the rectangular columnar jointing in 

rhyolite of the southern part of Sugar Loaf Mountain are 

typical of ash-flow tuffs (Ross and Smith, 1961). Also, the 

str a t ig r aph ic sequence which consists of, from top to bot

tom , a black glassy layer, a dense rhyolite, a vesicular 

rhyolite, and secondary chalcedony, is typical of an ash- 

flow tuff (Ross and Smith, 1961). However, a non-violent 

eruption for the rhyolite is suggested by the texture of the 

rhyolite, particularly the fragments of quartz grains in 

close proximity to the parent grain. Also, the five-sided 

joints on the rhyolite of the southeastern part of Sugar 

Loaf Mountain are typical of lava flows (Ross and Smith, 

1961). In addition, flow banding is almost always present 

in lava flows and absent in ash-flow tuffs (Ross and Smith, 

1961). Therefore, the Sugar Loaf Mountain rhyolite was 

probably formed by a lava flow. Attitudes taken on flow 

banding of the rhyolite of Sugar Loaf Mountain show a 

predominant southeast to northwest trend when plotted on an
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aqual area stereonet (fig 33). This trend supports Wahr- 

haftigs interpretation (Wahrhaftig, 1970b) that the rhyolite 

of Sugar Loaf Mountain is a remnant of a flow with a source 

located 1.4 km southeast of Sugar Loaf Mountain. The 

rhyolite of the Sugar Loaf Mountain area was subsequently 

intruded by hornblende andesite.

The K-Ar age of rhyolite in the Sugar Loaf Mountain 

area is useful in interpreting the relationship of the Sugar 

Loaf Mountain area to the Hines Creek strand of the Denali 

Fault system. The Hines Creek strand trends east-west and 

separates two distinct lithologic units: the Precambrian-to- 

Paleozoic quartz mica schist to the north (which contains 

the Sugar Loaf a r e a ) , and the Paleocene Cantwell Formation 

consisting of conglomerate, sandstone, shale, chert, and 

coal to the south (Bultman, 1972, Wahrhaftig et a l . 1975). 

Both units are intruded by basaltic to diabasic dikes and 

sills of similar composition (3ultman, 1972).

In the Mount Fellows region, volcanics consisting of 

intermediate to basic flows and agglomerates erupted 

through the Cantwell Formation (Bultman, 1972). A basaltic 

andesite from these volcanics yielded a K-Ar whole rock age 

of 49.5 + 2.1 m.y. B.P. (Bultman, 1972). Bultman reports 

that the andesite was altered and the age should therefore 

be considered as a minimum. Because the age of teh Sugar 

Loaf andesite was not previously clearly defined and was 

estimated as Paleocene to Oligocene, Bultman (1972) sug-
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Fig.33. Poles perpendicular to planes of flow banding 
in the rhyolite of Sugar Loaf Mountain.
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gested that the Sugar Loaf andesite might be contemporaneous 

with the Paleocene volcanics of the Mount Fellows region 

(Bultman, 1972). Bultman proposed that the proximity, pur

ported time correlation, and compositional similarity of the 

Sugar Loaf intrusives with the Mount Fellows volcanics sug

gested that plugs of intermediate composition in the Sugar 

Loar Mountain area might be sources for the flows of the 

Mount Fellows region. Bultman's conclusion, based on these 

assumptions, was that the right-lateral displacement of the 

Hines Creek strand of the Denali Fault since the Paleocene 

has been m inimal .

Radiometric dating of rhyolites from the Sugar Loaf 

Mountain area indicates that these rhyolites are of middle 

Oligocene age. Field evidence suggests that the andesites 

of the Sugar Loaf Mountain area are younger than the 

rhyolite in age. The 17 million year age difference between 

the Sugar Loaf andesites and the intermediate to basic flows 

of the Mount Fellows region indicates that the rocks of the 

two regions are not genetically related, and, therefore, 

they provide no evidence concerning the question of 

displacement along the Hines Creek strand.

The Mount Galen Volcanics, which are predominantly an

desite and basalt, are alos Mid-Tertiary in age. The Mount 

Galen Volcanics were dated at 32.3 + 1.0 m.y. to 43.2 + 2.6 

m.y. (Decker and Gilbert, 1973). These volcanics are 

located south of the Hines Creek strand and ~ 60 km



southeast of the Sugar Loaf Mountain area. Mid-Tertiary 

granites also occur north and south of the Mount Galen Vol

canics (Gilbert, 1979). At present, the only known rhyolite 

and andesite bodies south of the Hines Creek strand that can 

be correlated with those of the Sugar Loaaf Mountain area 

are the Mid-Tertiary felsic volcanic rocks which form a 

subordinate part of the Mount Galen Volcanics. Although the 

Mount Galen Volcanics are similar in age to the rhyolite and 

andesite of the Sugar Loaf Mountain area, the two volcanic 

sequences differ in average composition and may not be 

directly genetically related. However, the volcanics of 

both areas and the Mid-Tertiary granites may have been 

produced during the same Mid-Tertiary regional magmatic 

event.



The substantial difference in the ages of the Buzzard 

Creek basalt ("3,000 years B.P.), Jumbo Dome (probably 

Pleistocene) and the Sugar Loaf Mt area (~31 - 35 m.y.) in

dicates that the three areas are not genetically related.

The geochemical analyses for the three areas were plotted 

on variation diagrams (fig. 34). The fact that these 

diagrams do not show any clear linear relationships between 

the three areas also suggests a lack of a genetic relation

ship. The geochemistry and mineralogy of the Buzzard Creek 

basalt suggests a tholeiitic or a transitional tholeiitic 

to alkaline affinity while those of Jumbo Dome and the Sugar 

Loaf rocks suggest a calc-alkaline affinity. The 

geochemistry of the Buzzard Creek basalt, particularly the 

lack of iron enrichment, suggests that the basalt is derived 

from a relatively primitive source. According to the clas

sification system of Pearce and Cann (1973) the type of tec

tonic setting usually found with calc-alkaline rocks is a 

converging plate margin (subduction zone) .

Seismic data suggests that a subduction zone exists in 

the vicinity of the Denali Fault (Bhattacharya and Biswas,

1977). Agnew (personal communication) compiled data from 

May 1974 to December 1978 and delineated the Benioff zone 

under the Central Alaska Range. The earthquake hypocenters 

outline a subduction zone striking N483 and plunging to the
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northwest at 15 - 20° which steepens to 45 - 50° at depth. 

The plate which is currently being subducted under the Mount 

McKinley region is the Pacific Plate which began subduction 

at the position of the present trench approximately 1 2 . 4  

m.y. B.P. (Jacobs et al . , 1977). This estimate is based on 

a convergence rate of 5.82 cm/yr for the plate and a subduc

tion trajectory of 720 km long to a depth of 150 km beneath 

the Mount McKinley region (Jacobs et a l ., 1977).

This subduction zone extends to 64.1 north latitude,

148 west longitude (Agnew, 1980) where it reaches a depth 

of 125 km (fig. 35). Jacob et a l . (1977) indicate that at 

depths of 1 0 0  km, partial melting occurs which often coin

cides with an active volcanic front. The Buzzard Creek 

basalts, which were erupted 3,000 years B.P., are located 

above the 125 km depth contour to the Benioff zone (fig.

35). The primitive nature of the Buzzard Creek basalt 

suggest that the basalt was formed at considerable depth, 

possibly in the upper mantle. Therefore, the seismic 

evidence and primitive nature of the basalt are consistant 

with the hyopthesis that the Buzzard Creek basalt is subduc

tion related.

In conclusion, the petrology and geochemistry of Jumbo 

Dome andesite and the rhyolite and andesite of Sugar Loaf 

Mountain suggest that a subduction-rel ated origin is 

possible for these rocks. The seismic data together with 

the young age and primitive nature of the Buzzard Creek
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basalt are consistent with the hypothesis that its eruption 

was related to the current subduction of the Pacific Plate.
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GEOTHERMAL POTENTIAL

The vegetation within the craters at Buzzard Creek in

cludes several Populus balsamni fera which are anomalous in 

this area because of the extremetly cold conditions (R. 

Reger, Alaska Division of Geological and Geophysical Sur

veys, personal c o m m u n i c a t i o n ) . The presence of this species 

suggests that the ground temperature could be anomalously 

high, possibly due to the proximity of the vents. However, 

the wind protection provided within the crater and the prox

imity to a source of water could also allow these trees to 

grow in this climate without anomalously high ground tem

peratures (J. Murray, University of Alaska, personal com

munication). In addition, phreatomagmatic vents usually 

have low geothermal potential because of their small volume 

and deep magma sources.

Aerial photographs taken September 1973 show the area 

after a light snowfall (fig. 35). These photographs do not 

show any unusual snow melt patterns caused by high ground 

temperatures surrounding the craters. This evidence suggests 

that there is a low geothermal potential for the Buzzard 

Creek area.

No evidence of anomalously high ground temperatures was 

found during field investigations at Jumbo Dome. Aerial 

photographs taken two days after a light snowfall during Oc

tober, 1979 show no anomalous snow melt patterns (fig. 37).
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Fig. 36. Aerial photographs of the Buzzard Creek craters taken 
September, 1978 agter a light snowfall.
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Fig. 37. Aerial photograph of Jumbo Dome taken October 1979, two days 
after a light snowfall.
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This evidence also suggests a low geothermal potential for 

Jumbo Dome.

No hot water or unusual vegetation suggestive of a 

geothermal anomaly was found in the Sugar Loaf Mountain 

area. Aerial reconnaisance for snow melt patterns was not 

carried out. Because the Sugar Loaf rhyolite has been shown 

to be Mid-Tertiary in age, its geothermal energy has, no 

doubt, dissipated leaving the Sugar Loaf Mountain area with 

low geothermal potential.

Seismic evidence indicates that a subduction zone cur

rently exists in the general area which extends northward 

to the Buzzard Creek craters. Aerial photographs covering 

the area extending from the Buzzard Creek maars to the Sugar 

Loaf Mountain area were investigated for evidence of recent 

igneous activity. Several quasi-circular features approx

imately 0.5 km in diameter located 10 km northeast of Jumbo 

Dome were discovered. Three of the most distinct of these 

features were investigated to determine if the circular 

outlines were caused by recent igneous activity. Field in

vestigations revealed that the quasi-circular features are 

ridges of Tertiary sediments mantled by an unconsolidated 

cover consisting of approximately 35% black chert, and 55% 

subrounded white quartz cobbles overlying coarse-to-medium- 

grained sand. These features appear to be erosional rem

nants of grabens in a series of discontinuous Tertiary 

basins which are structurally controlled by east-west faults



(R. Reger, personal communication). No evidence of igneous 

activity was observed. In conclusion, the area which ex

tends from the Buzzard Creek craters to the Sugar Loaf Moun

tain area presently appears to have low geothermal poten

tial, but may be the site of future, subduction-related 

volcanic activity.
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