
-- - - - - - - - - 

I 

GEOLOGICAL SURVEY RESEARCH 1966 I 

GRANULITE AND PERlDOTlTE INCLUSIONS FROM PRINDLE VOLCANO, 

YUKON-TANANA UPLAND, ALASKA 

By H E L E N  L. FOSTER; ROBERT B. FORBES,' and DONAL M. RAGAN,' 
Menlo Park, Calif.; College, Alaska 

Abstract.-Lava of Prindle Volcano, an isolated alkali-olivine 
basalt cone in the Tamcross C-2 quadrangle, Yukon-Tanana 
Upland, Alaska, contains abundant peridotite and granulite 
inclusions. Prindle Volcano reinforces the evidence for the 
existence of a belt of eruptive centers of similar peridotjte- 
bearing alkali-olivine basaIt along the western margin of North 
America from Mexico to Alaska. 

Prindle Volcano is a small inactive basaltic cone lo- 
cated on the southeast flank of the ridge which forms 
the interstream divide between the East Fork and the 
Dennison Fork of the Forty Mile River, Tanacross C-2 
quadrangle, Yukon-Tanana Upland, Alaska (fig. 1). 
The base of the cone is about 3,300 feet above sea level. 
Peaks along the adjacent ridge rise to elevations ex- 
ceeding 4,500 feet. 

rlndle Volcano 
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FIGURE 1.-Index map of Alaska, showing location of Prindle 

Volcano. 
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The volcano was f i s t  photographed and described 
by L. M. Prindle in 1905 (Mertie, 1931, p. 13, 39-40). 
I t  was again visited by geologists of the U.S. Geological 
Survey during the summers of 1963 and 1964. The 
cone is of particular interest because of its apparent 
youthfulness, its relative isolation from other occur- 
rences of alkali-olivine basalt, and abundant ultramafic 
and granulite inclusions in the cone and adjacent flow. 

The cone is approximately 3,000 to 3,500 feet in 
diameter at its base, and contains a crater about 300 
feet deep, which is breached on the south (fig. 2). The 
highest elevation, 4,100 feet, is found on the northwest 
rim of the crater. A lava flow extends downslope from 
the breached crater to the southeast for approximately 
4 miles, where it turns southwest and continues for 3 
more miles along the west side of the valley of the East 
Fork. 

The slopes of Ghe cone are covered by grass, low 
bushes, and small spruce trees. Muskeg, containing 

FIGURE 2.-Aerial view of Prindle Volcano. Ridge in back- 
ground is composed of Birch Creek Schist. View north, 
1963. 
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have apparently been derived by attrition from an 
unusually rich suite of ultramrtfic and feldspathic 
inclusions. 

The ultramafic inclusions range in size from xeno- 
crysts to rounded polycrystalline massee up to 5 inches 
in diameter. Most of the ultramafic inclusions are rela- 
tively unaltered, but some specimens contain secondary 
iddingsite along olivine grain boundaries, and orthopy- 
roxene grains occasionally display marginal clinopyrox- 
ene reaction zcnes in contact with the host basalt. 

Peripheral alteration zones are more commonly devel- 
oped in the feldspathic (granulite) inclusions, a s  char- 
acterized by the partial fusion of quartz and plagioclase 
grains, and albite exsolution in potassium and plagio- 
clase feldspar. 

Although Ross and others (1954, p. 696-703)) Forbes 
and Kuno (1965), and others have discussed the domi- 
nance of the assemblage diopside-enstatite (bronzite)- 
olivine-spinel in worldwide peridotite inclusion suites, 
several other volumetrically important peridotite min- 
eral assemblages occur in the Prindle inclusion suite. 
Assemblages recognized to date include : 

olivine-orthopyroxene-clinopyroxene-spinel 
olivine-orthopyroxene-spinel 
olivine-clin op yroxene-spinel 
clinopyroxene-spinel 
orthopyroxene-spinel 

The textures and the fabrics of the inclusions are 
typical of those found in other peridotites. Variations 
in the textures of the different inclusion types are 
chiefly related to the proportion of two types of olivine 
grains. Coarse grains (up to 2 mm) with ragged 
boundaries and abundant deformation banding are 
often markedly inequidimensional; fabrics defined by 
these grains show no evidence of preferred form orien- 

tation. These large grains are surrounded by smaller 
(less than 1 mm), equidimensional grains which display 
little or no evidence of straining. Characteristically, 
these small second-generation grains have straight 
grain boundaries that meet at  angles of approximately 
120". These same textures and structures have been 
found in other inclusions (Talbot and others, 1963, 
p. 164) and in intrusive d u d e  masses (Ragan, 1963, 
p. 563), and they indicate solid-state deformation and 
recrystalhation, at  least in the later history of the rock. 

The fabric of the smaller olivine grains in several 
samples was determined. Crystallographic orienta- 
tions of 50 grains of approximately uniform size were 
measured. Partial diagrams, using measurements from 
widely spaced traverses, were constructed; these dia- 
grams showed the same basic patterns thus demon- 
strating the statistical homogeneity of the fabric on 
the scale of a single thin section. Crystallographic Z 
forms a point maximum; X forms a broad girdle approx- 
imately to the Z maximum, and Y, though with greater 
scatter, also shows participation with the ,girdle. Iden- 
tical patterns of preferred orientation have also been 
found in other peridotite inclusions (Talbot and others, 
1963, p. 167) and in intrusive bodies (Battey, 1960, 
p. 720). 

GRANULITE INCLUSIONS 

Many of the fragments in the suite of inclusions 
are not peridotite, but crystalline schists of the granu- 
lite facies. Gneissose structure is common in these 
fragments as defined by the preferred orientation of 
pyroxene and the alternating compositional layers of 
pyroxene and plagioclase; the texture is typically 
crystalloblastic. The assemblages are characterized 
by hypersthene and (or) clinopyroxene and plagioclase. 

FIGURE 3.-Partial orientation diagrams of crystallographic X, Y, and Z for 50 olivine grains from inclusions in basalt from 
Prindle Volcano. Contours are spaced at  2-percent intervals, that is, 2, 4, 6 percent, and so forth, per 1 percent of area. 
(Equal area net, lower hemisphere.) 
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Mineral assemblages recognized to date include the p. 234) who have noted that "wollastonite and grossu- 
following : larite characteristically are absent from these facies 

plagioclase-clinopyr~xene-carbonate lgranulite facies]." The presence of quartz + carbon- 
plagioclase-clinopyroxene-carbonate-quartz ate without wollastonite in the assemblage plagioclase- 
hypersthene-andesine-quartz clinopyroxene-carbonate-quartz further supports the 
plagioclase-clinopyroxene-hypersthene-quartz granulite facies origin of the feldspathic inclusions. 
plagioclase-clinopyroxene-hypersthene CONCLUSIONS 
plagioclase-hypersthene-quartz 

Accessory minerals include apatite, zircon, magnetite, 
and rutile. Minor sanidine has been detected in some 
of the above assemblages, but the role of sanidine as 
a stable coexistent phase remains in doubt, as secondary 
annealing from contact metamorphism may have re- 
crystallized earlier potassium feldspar under conditions 
of the sanidinite facies. However, the uniform dis- 
t.ribution of sanidine grains throughout the inclusions, 
seems to argue against a contact metamorphic origin. 

Micas and amphiboles (hydrous phase) are absent. 
The occurrence of carbonate and quartz in some assem- 
blages, without wollastonite, probably indicates that 
COz pressures were higher than those associated with 
the stability field of wollastonite. These findings are 

The occurrence of peridotite inclusions in the alkali- 
olivine basalt of Prindle Volcano reinforces the evidence 
for the existence of a regional belt of such occurrences 
along the western margin of the North American con- 
tinent from Mexico to northwestern Alaska, and thence 
to the Pribilof and Kanaga Islands. Recently Forbes 
and Kuno (1965), in summarizing the regional petrology 
of inclusion-bearing alkali-olivine basalts, noted that 
over 200 of these occurrences are now known. The 
host basalts are characteristically alkali-olivine basalts 
with nepheline and (or) leucite in the norm, and a 
strong similarity exists between the bulk chemical com- 
positions of the host basalts in both the continental 
and oceanic occurrences. The relative position of 
Prindle Volcano to other peridotite-inclusion localities 

in harmony with the views of Fyfe and others (1958, is shown in figure 4. 

FIGURE 4.-Localities throughout the world where peridotite inclusions in basalt, including those from Prindle Volcano (area 
of report), are known. (After Forbes and Kuno, 1965.) 
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The coexistence of inclusions of hypersthene and 
h~pers thene-diopside  granulite, and peridotite, in the 
Prindle basalt is of great interest, as localities contain- 
ing both inclusion types are rare. Eclogite fragments, 
such as those described from the basalt breccia pipes 
in eastern Australia (Lovering and Richards, 1964) may 
also exist in such occurrences; however, they have not 
been found in the Prindle basalt. It is possible that 
the granulite fragments were derived from the deep 
crust, as granulite-facies terrane is not known to occur 
in the surface exposures of the Birch Creek Schist in 
interior Alaska; however granulite-facies rocks have been 
reported from a fault block along the south margin of 
the Denali fault near the head of the Gulkana Glacier, 
about 130 miles southwest of Prindle Volcano (Hawkins 
and Ragan, 1965; Ragan and Hawkins, 1965). 

Chemical and mineralogical studies of these inclusions 
and their constituent mineral phases are continuing, 
and it is hoped that the necessary evidence will be 
found to distinguish between a mantle versus a crustal 
origin for the inclusions. 
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