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Dear Randy:

The lithologies in well 13 are similar to those previously
studied in the "6", "8", and "l7" series groups. However, unlike
the other wells, no granodiorite or microgranodiorite is present
in these samples from well 13,

Three major rock types are present. 1) Porphyritic to aphyric
basalte and porphyritic basaltic andesites are commonly amygdular.
2) Coarser-grained rocks with abundant clino- and ortho- pyroxene
are termed microdiabase, implying an intrusive origin for this rock
type. some of the microdiabases also contain minor amounts of
bictite or hornblende. Phenocrysts in the coarser-grained diabases
are ophitically-textured. 3) Quartz latites or rhyodacites exhibit
a variety of devitrification textures and probably were originally
glassy.

In general, predominantly aphyric and amygdular basaltic
andesite flows are present to 1200’'. However, at 300’ and 800',
porphyritic dacite is also present. The dacites probably represent
flows; they are flow-banded and contain altered phenocrysts of
biotite and perthitically intergrown feldspars in
glomeroporphyritic aggregates. Angular fragments of oxidized
andesitic basalt in sample 1200’ may represent cinders that are
part of a volcanic cone at the base of the predominately basaltic
flow section.

Samples from 1300 and 1400’ are mostly porphyritic andesite
and represent a flow or possibly, a shallow intrusive body. Sample
1460’ is a mixture of many rock types and represents the contact



between the andesite and an underlying thick (1500'-1800")
rhyodacite. The cuttings in 1460’ include basalt and andesite flow
rocks and rhyodacite flows or tuffs. Because such a variety of
lithologies are present in 1460’ and not in the overlying section,
it is likely that this depth represents an erosional disconformity
in the volcanic section.

The rhyodacite displays several different textures. Relict
perlitic texture is evident at the top (1500’) and near the bottom
(at 1800'), coarser-grained rhyodacite 1is present. This
crystallization pattern suggests that the rhyodacite was deposited
as a flow or a flow-dome complex; it may have cooled gquickly to a
glass near the surface (now 1500’} and more slowly near its center
(now 1800’). Spherulitic devitrification is also common in the
center of the rhyodacite body. At the base of the rhyodacite,
sample 18%0" contains many cuttings with an argillic matrix and
rounded andesite clasts along with resorbed quartz phenocrysts.
This rock is probably an intraformational mudflow with an ashy
matrix. One chip in sample 1890’ is of coarse-grained graphic
intergrowths of feldspar and quartz which could have been derived
from a granitic highland.

Below 2000‘, the rocks consist predominately of diabase that
is gouged or mylonitic and highly altered.

Samples from 2000’ to 2200’ are mostly microdiabase which
probably represents a brecciated intrusive body. Within the
microdiabase are altered phenocrysts of a ferromagnesian mineral,
probably hornblende but possibly biotite, which are completely
altered (deuterically?) to smectite. Clinopyroxene phenocrysts
subophitically enclose plagioclase laths in the coarse-grained
diabase at 2100'.

Samples from 2300 +to 2400’ are mostly Thornblende
microdiabase. The presence of potassium feldspar at 2300’ is
somewhat problematical. There is certainly secondary adularia in
this sample but it is also possible that some of the potassium
feldspar 1is primary. In the latter case and considering the
presence of hornblende, some of the lithologies at 2300’ and 2400
may be termed porphyritic rhyodacite or quartz latite. ' Either way,
samples 2300’ and 2400’ represent a different rock unit than from
2000’ to 2200°'.

Some of the microbreccia in microdiabase at 2300’ and in
andesite at 2370’ may have been caused by hydrothermal brecciation;
both samples contain rounded, hematitic fragments within a
silicified matrix.

Sample 2450’ is nearly identical to sample 2370’, and sample
2400’ is similar to sample 2300°'. Samples 2370’ and 2450' are
vesicular basaltic andesites and both are intensely mineralized.
This phenomenon may indicate that vescicular lithologies provide
good permeability pathways for hydrothermal fluids.



Samples 2500’ and 2560’ contain two rock types; fine-grained,
glassy andesite and coarser-grained diabase, both of which are
probably just textural variations of the same rock. In sample
2500', both rock types are vesicular and the vesicles are filled
with fluid inclusion-rich (hydrothermal) quartz and/or epidote.
The glassy, aphyric andesite probably represents the cooled borders
of the intrusive body. In chips of diabase at 2500’, the
clinopyroxene is coarse-grained and subophitically-encloses
plagioclase.

Samples 2560’ and 2600’ are both intensely altered and
mineralized, making the original rock type difficult to determine.
However, these samples appear to be mostly microdiabase (flooded
with secondary K-feldspar?). Sample 2560' also contains some
porphyritic rhyodacite; large quartz and zoned plagioclase
phenocrysts are present in a devitrified matrix of gquartz and
potassium feldspar. Some fragments of the rhyodacite appear
seriticized. Relict shard and pumice texture is evident in some
chips indicating that the rhyodacite is at least partially
tuffaceous.

The rocks from well 13 are mineralogically zoned with depth.
Argillic alteration predominates down to about 1000’. Smectite and
zeolite-filled amygdules are common in the argillic zone, although
some calcite-filled amygdules are present at 600’ and 800’. X-ray
diffraction analysis of the zeolite indicates that it is stilbite,
a low-temperature, fibrous zeolite.

The first occurrence o0f hydrothermal veining {(chlorite-
smectite and quartz+pyrite) is at 1000’. The top of the propylitic
zone is at 1100°', where epidote first appears as a trace mineral
in veins. Veins of intergrown quartz and calcite (+/- epidote and
wairakite) in samples from 1100’ to 1460’ suggest that this may be

a zone of extensive boiling. Dark green, highly birefringent
smectite is common in this zone and is especially abundant in
sample 1400'. All of the lithologies in sample 1460’ are highly

altered and it is likely that this interval is a lithologic contact
that was permeable and promoted hydothermal alteration.

In general, the rhyodacite flow from 1500’ to 18%0' is not as
altered as the overlying and underlying rocks. Chips of andesitic
or diabasic rocks within the rhyodacite interval commonly contain
veins and much epidote but the rhyodacite itself is commonly just
silicified. Some chips of the (originally glassier?) rhyodacite
are also sericitized. X-ray diffraction analyses of the clay
fractions from samples 1600', 1710’ and 1890’ indicate the presence
of mixed-layer illite-smectite with about 10% smectite interlayers.
Such illitic illite-smectites usually indicate temperatures up to
260°C (e.g. McDowell and Elders, 1980).

The microdiabases from 2000’ to 2300’ are brecciated and
veined. In thin-section, sheared and microbrecciated or strained
crystals in a dark chloritic matrix characterize mylonitic chips
of diabase. Traces of talc in this interval may be associated with



the fault gouge. Actinolite is present in this interval both in
veins with hydrothermal quartz and as a (deuteric?) alteration
product of primary clinopyroxene and/or amphibole in the diabase.

Dark green smectite is also a common alteration mineral in
the interval from 2000’ to 2300’'. At 2200', this smectite c¢ccurs
in veins with actinolite and quartz. Therefore, it must be a high-
temperature variety of smectite (e.g. Eberl, Whitney and Khoury,
1978). From the X-ray diffraction pattern, it is not possible to
distinguish this clay as saponite (magnesium-rich smectite} or a
smectite-rich chlorite-smectite. Nevertheless, it appears to be
identical in XRD and in thin-section to the c¢lay in the lower
portions of well 8 (termed smectite) and well 17 (termed chlorite-
smectite). In well 13, the smectite is mostly absent in the
hottest part of the well (below 2300’) and a very chloritic mixed-
layer chlorite-smectite is the only clay mineral that persists to
the bottom of the well.

From 2300’ down to 26007, well-defined hydrothermal veins of
prehnite+epidote and adularia+quartz (+/- epidote and actinolite)
are common. Evidence for hydrothermal brecciation at 2370’ and
2450" suggests that some boiling may have occurred locally. The
presence of veins of anhydrite at 2370° and 2470’ may indicate
increased permeability due to hydrothermal brecciation and boiling.

Potassium feldspar flooding of the diabase below 2300’ is
extensive. Because potassic alteration is typical of ascending and
cooling solutions, the formation of K-feldspar in this =zone may
indicate the positioning of these rocks in or close to a major
upflow zone (e.g. Giggenbach, 1984).

The secondary mineral assemblage from 2300’ to 2600 is
certainly indicative of deposition from high-temperature
hydrothermal fluids. Epidote commonly forms above 240°C; prehnite
above 2500C; and actinolite at temperatures greater than 250°C
(e.g. Browne, 1978, 1984; Hulen and Nielson, 1986; Bird et al.,
1984). Traces of grossular garnet in a vein with prehnite and
epidote at 2560’ may indicate temperatures above 300°C in this
zone.

To conclude, the rocks in the lower portion of well 13 contain
an abundance of unambiguous high-temperature hydrothermal minerals
(particularly prehnite) in well-defined veins. The secondary (and
perhaps metamorphic) mineral assemblage of biotite, actinolite and
clinopyroxene which complicated interpretation of the hydrothermal
alteration in the granodiorite of well 17 is not present,



At this point in your investigation, you should have the basis
0of a stratigraphic and structural framework for this area. If you
don’t and are willing to provide me with the thin-sections from,
the depths of samples from, and the relative position of, wells 6,
8, 13 and 17, I would be very interested in working on this aspect
of your investigation. Please contact me if you are interested in
this proposal or if you have any questions concerning the X-ray
diffraction or petrographic analyses of the rocks from well 13.

Thanks for the opportunity to continue working on these interesting
rocks.

Sincerely,

i w iz

Susan Juch Lutz
Manager,
X-ray Diffraction Lab
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