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SAMPLE: Geysers corehole SB-15-D, depth 1245.5 ft (379.6 m) 

ROCK TYPE: Chert-rich Lithic metagraywacke, fine-grained, poorly to moderately sorted, 
massive. About one-fourth of the section is slightly darker and more brownish than the rest. In 
this dark part of the section, the matrix of the metagraywacke is richer in illite and chlorite, poorer 
in silt-size clastic debris, and probably slightly richer in organic material. About 70% clastic 
grains, dominantly subangular to angular, 0.02-0.90 mm in diameter, embedded in an argillaceous 
"rock flour" matrix. Grains comprise, in decreasing order of abundance, chert, quartz, 
intermediate- to basic-composition metavolcanic rock, plagioclase (albite), and argillite 
(metashale) with a trace of quartz-mica schist, and coarse detrital mica (muscovite and chloritized 
biotite). Matrix consists of a mixture of illite, chlorite, and microgranular "rock flour" -- clastic 
debris compositionally identical to the larger clastic grains. 

HYDROTHERMAL ALTERATION AND MINERALIZATION: Very weak. The original 
metamorphic character and mineralogy of the rock have been retained nearly intact. Illite and 
chlorite partially replace plagioclase; chlorite totally replaces original (premetamorphic) mafic 
minerals. Calcite weakly to rarely wholly replaces albite grains. Sphene occurs as microgranular 
clots disseminated throughout the matrix and averaging about 0.1 mm in diameter. Trace of 
hydrothermal epidote replacing plagioclase grains. Trace of hydrothermal potassium feldspar 
replacing plagioclase adjacent to (also-rare) potassium feldspar microveinlets. Trace disseminated 
pyrite, as disseminated grains less than 0.1 mm in diameter. 

VEINLETS AND VUG-FILLINGS: 0.3% discontinuous, wispy, irregular potassium feldspar 
microveinlets <10 microns in width. No apparent vug-fillings. 

FRACTURES, VUGS, AND OTHER OPEN SPACES: About 0.3% microfractures (two; en 
echelon). These have irregl,llar courses, are 2-10 microns wide, and together traverse the entire 
section. Also 0.1 % disseminated, irregular vugs <0.1 mm in diameter, in plagioclase and in the 
argillaceous rock-flour matrix. There is also a "microporosity" -- visible as a pinkish stain -
developed in layer silicate aggregates in the matrix and in some clastic grains (see comments for 
the sample from 1587.5 ft). 



SAMPLE: Geysers corehole SB-15-D, depth 1492.4 ft (454.9 m) 

ROCK TYPE: Metashale ("argillite"), dark gray, obviously pyritic and abundantly criss-crossed 
by pyritic hydrothermal veins. No obvious laminations but distinct alignments oflayer silicate 
flakes and fibers. The rock has been intensely sheared during metamorphism, and as a result has a 
"mottled" appearance resulting from shear domains within which the aligned layer silicates have 
slightly different orientations. About 12% silt grains 0.01-0.3 mm in diameter, angular to 
sub angular, exclusively quartz and plagioclase. About 2% flaky-appearing disseminated, clay- to 
silt-size black organic debris. About 1 % disseminated microgranular sphene, and a trace of 
disseminated ilmenite. 

HYDROTHERMAL ALTERATION AND MINERALIZATION: Weak, even though 
hydrothermal veinlets are relatively abundant (see below). Minor alteration of plagioclase to 
potassium feldspar immediately adjacent to potassium feldspar-bearing veinlets. 3% disseminated, 
microcrystalline (~0.02 mm) pyrite grains, the concentrations of which bear no obvious 
relationship to the pyritic veins. 

VEINLETS AND VUG-FILLINGS: Relatively abundant, accounting for 5% of the total rock 
volume. Three generations of veinlets. (1 ) Metamorphic quartz veinlets with minor chlorite and 
illite. These, like the rock itself, are sheared-appearing; they consist mostly of microgranular 
quartz aggregates, have a common lenticular habit, and range in width (they "pinch and swell" 
prominently) from 0.1 to 1.0 mm. They are also commonly refractured along strike, and 
remineralized hydrothermally by the minerals forming the veins of stages 2 and 3. (2) 
Hydrothermal quartz-illite-pyrite microveinlets. These average about 0.05 mm wide. They are 
randomly oriented, and account for about 1 % of the rock. The pyrite in these veinlets is 
discontinously distributed, tending to occur in isolated clots along the vein strike. (3) 
Hydrothermal quartz-potassium feldpar-wairakite-pyrite veinlets. These account for about 3% of 
the rock. They are randomly oriented, but interconnected to form a "stockwork". They range 
from 0.02 to 0.10 mm in width (avg. O. 06 ~m wide). Much of the pyrite in these veinlets is 
nearly continuous, forming what presumably would be an electrically conductive network. 

FRACTURES, VUGS, AND OTHER OPEN SPACES: About 1 % latest-stage, open, 
micro fractures which are randomly oriented, but commonly occur within or at the margins of 
hydrothermal veinlets. Some "microporosity" manifested as a pinkish stain (of the injected epoxy) 
in layer silicate aggregates (see comments for 1587.5 ft). 



SAMPLE: Geysers corehole SB-15-D, 1553.5 ft (473.5 m) 

ROCK TYPE: Metamorphic shear breccia, a dense, medium to dark brownish gray, highly 
sheared "micromelange" of fine-grained lithic metagraywacke (40%), graywacke metasiltstone 
(20%), black metashale (30%), and metamorphic vein quartz (10%). 

HYDROTHERMAL ALTERATION AND MINERALIZATION: Weak. Clastic 
plagioclase grains in metagraywacke and metasiltstone are locally partially to completely altered 
to potassium feldspar. Also 3% disseminated pyrite, commonly associated with the secondary 
potassium feldspar. The pyrite grains are irregular, and range in diameter from 20 microns to 1.2 
mm, averaging about 0.15 mm. There are also traces of <0.1 mm-diameter chalcopyrite and 
sphalerite. 

VEINLETS AND VUG FILLINGS: About 10% metamorphic vein fragments in this sheared 
rock. These consist predominantly of quartz with minor calcite and moderately abundant illite. 
The illite clots have the same form as the calcite clots in these veins, and very probably could be 
hydrothermal in origin, filling hydrothermal carbonate-dissolution vugs. The rock is laced with 
<10 micron wide "shear veinlets" of black opaque material, which could be organic material, 
ilmenite, or a combination of the two substances. About 0.5% hydrothermal veinlets, consisting 
dominantly of potassium feldspar with minor quartz and pyrite (also locally with <5 micron-wide 
selvages of the dark opaque material). These veinlets are <20 microns to 0.14 mm in width. The 
pyrite in them is discontinuously distributed, occurring as local clots wider in general than the 
average width of the veins. 

FRACTURES, VUGS, AND OTHER O;PEN SPACES: 0.5% microfractures, randomly 
oriented, both within/along and crosscutting veinlets. The micro fractures are mostly 2-10 microns 
in width; they traverse the entire plug sample. About 0.1 % vugs in veinlets -- vugs are irregular, 
occur within metamorphic quartz masses. They appear to represent hydrothermal dissolution of 
metamorphic carbonate. The largest of these vugs is 0.4 X 0.2 mm in diameter, and contains one 
euhedral hydrothermal potassium feldspar crystal. Also some "micro porosity" manifested as a 
diffuse pinkish stain of the injected epoxy in layer silicate aggregates. 



SAMPLE: Geysers Corehole SB-15-D, depth 1587.5 ft (483.8 m) 

ROCK TYPE: Lithic metagraywacke, fine-grained, moderately sorted, massive. 75% clastic 
grains, dominantly sub angular to angular, 0.02-1.05 mm (avg. 0.15-0.20 mm) in diameter (except 
rare argillite grains which reach 3.2 mm in diameter), embedded in an argillaceous "rock flour" 
matrix. Grains comprise, in decreasing order of abundance, quartz, chert, intermediate- to basic
composition metavolcanic rock, plagioclase (albite), and argillite, with trace to minor amounts of 
coarse detrital mica (muscovite and chloritized biotite), and felsic porphyritic metavolcanic rock. 
1-1.5% anomalously large, elongate, labile argillite grains (see above), deformed around rigid 
clastic grains. Matrix is a dominantly microcrystalline aggregate of illite and chlorite with varying 
amounts of silt-size "rock flour" compositionally identical to the larger clastic grains. 

HYDROTHERMAL ALTERATION AND MINERALIZATION: Weak. The rock 
preserves much of its original metamorphic mineralogy and texture. Illite partially replaces 
plagioclase as disseminated microcrystalline flakes and fibers and clots of these up to 0.3 mm in 
diameter; the illite may be partially metamorphic in origin. Chlorite very sparsely replaces 
plagioclase, totally replaces orginal mafic minerals; chlorite may also be largely metamorphic. 
Calcite weakly to (rarely) nearly completely replaces plagioclase; most of the calcite appears to be 
metamorphic in origin. Metamorphic sphene occurs as disseminated microgranular clots up to 0.2 
mm in diameter and concentrated in the matrix. Hydrothermal epidote (2%) occurs as 
disseminated anhedral grains and grain aggregates, concentrated in plagioclase grains, up to 0.15 
mm in diameter. Hydrothermal potassium feldspar (0.5%) sparsely replaces plagioclase grains as 
irregular masses up to 0.05 mm in diameter. A trace of pyrite occurs as disseminated grains up to 
0.1 mm in diameter. 

VEINLETS AND VUG-FILLINGS: No veinlets. Vug-fillings very rare. About 0.5% 
disseminated polycrystalline hydrothermal quartz clots up to about 0.2 mm in diameter. 

FRACTURES, VUGS, AND OTHER OPEN SPACES: No microfractures. About 0.2% 
disseminated, irregular vugs, up to 0.2 mm in diameter, in matrix layer-silicate aggregates and 
plagioclase. Also minor "microporosity" in layer silicate aggregates. This microporosity is 
manifested as a pinkish stain of the fluorescent epoxy with which the section has been 
impregnated; its contribution to total poro~ity cannot be reliably determined from examination of 
the thin section alone. 
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