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The Rattlesnake Ash-Flow Tuff erupted 7.05+0.01 Ma from the western
Harney Basin, southeastern Oregon. The location of the vent area is inferred based on
vent-ward increases in size of pumices, in degree of welding, and in degree of post-
emplacement crystailization. Today's outcrops cover 9000 km? and estimated original
outcrop coverage was ca. 35000 km2. Tuff thickness is uniform ranging mainly
between 5 and 30 m with maxima up to 70 m. Estimated eruption volume is 280 km3
dense rock equivalent (DRE). Lithological variations include vitric non- to densely
welded tuff, vapor-phase, devitrified, spherulitic, lithophysal, and rheomorphic tuff.
Lithological zoning characteristics of the tuff change locally at nearly constant tuff
thickness over distances of 1 to 3 km grading from incipiently welded tuff to highly
zoned sections. Regional variations become apparent by integrating many sections from
one area. A three-dimensional facies model is developed describing the local and
regional facies variations.

The Rattlesnake Tuff consists of high-silica rhyolite (HSR) erupted as pumices
and glass shards. Dacite pumices make up less than 1% of the total volume and
quenched basalt and basaltic andesite inclusions inside dacite pumices constitute << 0.1
volume %.

HSR pumices cluster in 4 to 5 compositional groups which are discerned best
by La, Eu, Ba, Hf(Zr), Ta(Nb). Major element variations are minor but consistent
between groups with SiO2 increasing and FeO*, MgO, TiO2, and CaO decreasing with
differentiation. Modal mineralogy, mineral chemistry, and partition coefficients also
change progressively. The diversity of HSR is likely the product of crystal fractionation
processes. A model is proposed by which a stratified magma chamber is generated
from the roof of the chamber downward by progressively more evolved HSR. Least
evolved HSR is likely the product of dehydration melting of high-grade intermediate to
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crystallization decrease with distance from the inferred source, but the regional pattern
becomes apparent only by integrating many sections within a given area. Strong local
variations are interpreted to be the result of threshold-governed welding and
crystallization near the critical welding temperature due to slight original thickness
differences influencing the thermal insulation. A three-dimensional welding and
crystallization facies model has been developed based on 85 measured sections
incorporating local and regional variations.

Introduction

Zones and zonal variations in ignimbrites are based mainly on the classic works
of Smith, (1960a, b) and Ross and Smith (1960). Description of horizontal variations
for single extensive ignimbrite sheets were rare 30 years ago (Smith, 1960a, p.149).
Despite the long time span since, relatively few reports on horizontal variations of
welding and crystallization zones in welded tuffs have been added. This study focuses
on the lateral and vertical variations of welding and crystallization zones in the
Rattlesnake Ash-Flow Tuff, an important time and structural marker in eastern Oregon,
USA (Walker, 1979). The tuff is extremely widespread, aimost evenly thin, and well
exposed. Welding, crystallization, and rheomorphic processes in the Rattlesnake Tuff
are responsible for a large number of facies with excellent preservation. The tuff
includes features characteristic of non-welded to lava-like ignimbrites (e.g. Branney &
Kokelaar, 1992). A facies model based on the Rattlesnake Tuff documents the
complexities that one might encounter in other comparable welded, thin, and
widespread ignimbrites, such as are typical of the Oregon Plateau and adjacent areas in
Idaho (Mansfield & Ross, 1935, Stearns & Isotoff, 1959, Walker, 1970 &1979,
Greene, 1973, Bonnichsen & Citron, 1982, Ekren et al., 1984). The broader
importance of zones and zonal variations in ignimbrites is the constraint they place on
eruption and emplacement dynamics of large-scale volcanic processes that have never
been witnessed.























































































































































































































































































































































116

MacLeod, N. S., Walker, G. W., and McKee, E. H., 1976, Geothermal significance
of eastward increase in age of upper Cenozoic rhyolitic domes in southeastern

Oregon. Second United Symposium on the development and use of geothermal
resources, Proceedings, v. 1, p. 465-474.

Mathis, A. C.,1993, Geology and petrology of a 26-Ma trachybasalt to peralkaline
rhyolite suite exposed at Hart Mountain, southern Oregon, unpub. Master's
thesis, Oregon State University, Corvallis, .pp 141.

McKee, E. H., Duffield, W. A., and Stern, R. J., 1983, Late Miocene and early
Pliocene rocks and their implications for crustal structure, northeastern
California and south-central Oregon. Geol Soc Am Bull, v. 94, p. 292-304.

Morris, P. A., 1984, MAGFRAC: A Basic program for least-squares approximation of
fractional crystallization. Comp. & Geosci, v. 10, p. 437-444.

Mullen, E. D., 1985, Petrologic character of Permian and Triassic greenstones form the

melange terrane of eastern Oregon and their implications for the terrane origin.
Geology, v. 13, p. 131-134.

Naslund, H. R., 1989, Petrology of the Basistoppen sill, east Greenland: A calculated
magma differentiation trend. J. Petrology, v. 30, p. 299-319.

Nielsen, R. L., 1990, Simulation of igneous differentiation processes, in: Modern

methods of igneous petrology: Understanding magmatic processes, J. Nicholls
& J. K. Russell eds., Rev Min, v. 24. p. 65-105.

% O'Hara, M. J., 1977, Geochemical evolution during fractional crystallization of a
§ periodically refilled magma chamber. Nature, v. 266, p. 503-507.
ﬁ@, Parker, D. J., 1974, Petrology of selected volcanic rocks of the Harney Basin, Oregon.
unpub. Ph.D.-thesis, Oregon State University, Corvallis, pp 153.
}; Patino-Douce, A. E. and Johnston, D. A., 1991, Phase equilibria and melt productivity
i in the pelitic system: Implications for the origin of peraluminous granitoids and
aluminous granulites. Contr Min Petrol, v. 107, p. 202-218.
fom Robinson, P. T., Walker, G. W., and McKee, E. H., 1990, Eocene(?), Oligocene,
L and lower Miocene rocks of the Blue Mountains region. US Geol Survey Prof.
5 Pap. 1437, p. 29-62.
m Robyn, T. L., 1979, Miocene volcanism in eastern Oregon: An example of calc-
alkaline volcanism unrelated to subduction. J Volcanol Geotherm Res, v. 5, p.
149-161.
™
1 Skjerlie, K. P. and Johnston, A. D., 1993, Fluid-absent melting behavior of an F-rich
. tonalitic gneiss at mid-crustal pressures: Implications for the generation of e
o anorogenic granites. J. Petrology, v. 34, p. 785-815. ]
Smith, R. L., 1979, Ash-flow magmatism. Geol Soc Am Sp Pap, v. 180, p. 5-27. § k »
= -

Sparks, R. S. J. and Marshall, L. A., 1986, Thermal and mechanical constraints on

: mixing between mafic and silicic magmas. J Volcanol Geotherm Res, v. 29, p. il
99-124, 4
















calld

Beo
il

i

=
I

o eeaoye
F0

121

Analysis and mineral preparation

Sample materials are glassy pumices and glassy shards. Major and trace element
data were acquired of whole rock pumices by X-ray fluorescence analysis (XRF) at
Stanford University, except #RT220A done at Washington State University, and
neutron activation analysis (INAA) at the Oregon State Radiation Center. Uncertainties
of analyses are reported in Chapter II.

Mineral separation on 5 representative pumices were performed. Following
crushing with hammer and jaw crusher, pumices were sieved with the following
divisions: 2 mm; 1.7 mm; 990 microns; 750 microns; 500 microns; 300 microns; 180
microns; and 106 microns. After first sieving, all material greater than 990 microns was
further crushed in small proportions until all pumice material passed through 990
microns mesh size. The total weight of each sample, reported in table III-2, was then
measured. Material for glass separates was isolated before heavy-liquid separation.

Sequential heavy-liquid (Bromoform and Tetrabromoethane) mineral separations were

done on each size fraction with the density of the liquid kept close to the glass densities
to ensure that minerals with attached glass also sank. The total mineral yield per sample
is expected to be close to the actual mineral content of the pumices because a probable
loss of minerals smaller than 106 microns is estimated to be minor and is likely to be
compensated by some glass rinds on crystals (Fig. ITI-1). Total modes of pumices were
determined by summation of mineral weights for each size fraction. Some volumetric
estimates (recalculated to weight %) were made to determine quartz : feldspar ratios in
felsic assemblages and clinopyroxene : magnetite ratios in mafic assemblages. The
agreement between weights of total mineral yields before and after separation into
individual phases deviated between 1 to 10 % with lower yields in the separated
minerals partly attributable to dissolution of glass rinds during wash with dilute
hydrofluoric acid after first determination of total mineral yields.

Mineral separates for INAA analysis were prepared by hand-picking from the
300-500 micron fraction for feldspars, 106-300 fraction for magnetites, and mainly
106-180 fraction for pyroxenes. Minerals and glass separates were analyzed as grains
as obtained after handpicking. All selected feldspars were clear and inclusion free.
Magnetites separates were superficially 100% clean. In case of the pyroxenes, the
selected size fraction was small enough so that most pyroxenes were translucent
making screening for inclusions feasible. All pyroxene separates were visually clean at

> 99%. Mineral separates were multiply washed in mild acids, distilled water, and
acetone. Br values of less than 6 ppm for all mineral separates verify the almost









3

|/

wEE

TR TR

T
m

gry ==z - RN 5
it 47 Fart
R

124

To evaluate how much trace element concentrations of whole rock pumices are
affected by trace elements hosted in minerals, the mineral contributions were calculated
using the determined modal abundances and trace element concentrations (Tab. II-2,
IT1-4); for zircon, Zr and Hf from Rattlesnake zircons were used and other element
concentrations were taken from the literature. The results are tabulated in table III-5.
Trace element contribution from minerals with or without zircon are mostly smaller than
the range of analytical uncertainties, except possibly the Ba contribution from
anorthoclase in the rhyolite compositions E and D (Table III-5).

Using the grouping established by the scatter diagrams, a mean and one
standard deviation was calculated for each group (Table III-1). For most elements, the
variance of one standard deviation is in the range of the analytical uncertainty which is
sometimes also the difference between adjacent groups causing some overlap. In

general, groups A, B, D, and E are well established. Group C has more internal scatter
than other groups.

Supporting evidence for the observed chemical clustering comes from the
macroscopic color of pumices and shards in the tuff matrix. Group A, B, and C
pumices are white, group D pumices are medium gray, and group E pumices are dark
gray (see below). Under the microscope, the same gradation is observed among glass
shards in the matrix, which range from colorless to dark brown, giving the matrix a
"salt & pepper" appearance in hand samples when the tuff is little welded. Microprobe
analyses of glass shards from single slides established the positive correlation of Fe-
content with darker color of the rhyolitic shards. Vesicularity difference between
pumices can be ruled out to explain color gradations because the color variation is
evident in pumices at comparable vesicularity and the correspondence with the same
color variation in non-welded shards.

A 1-m thick fallout deposit crops out locally close to the source and is directly
overlain by Rattlesnake ignimbrite. This deposit is considered precursory to the main

ash-flow eruption based on chemical data between fallout pumices and group A

pumices indicating very similar compositions. However, there are some suggestions,
mostly through higher Sc, U, Th, Ta, that the fallout pumices represent a magma
composition slightly more evolved than group A magma (Table III-1, Fig. I1I-2a).
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peralkalinity indices (AI = molar (Na + K)/ Al) (Table II-1) because of higher molar
weight of K compared to Na,. The extent of reducing the agpaitic index by ion
exchange of K for Na can be hypothetically estimated and is about 0.2 "Al-units" per

10% difference between original Na20 (or K20) concentration and Na20 (or K20)
concentrations after ion exchange.

Petrography and mineralogy

High-silica rhyolite pumices are crystal poor with crystal contents around 1
volume %. Crystal-enrichment in bulk-tuff compared to pumices due to elutriation of
fines (Walker, 1972) is undocumented with the necessary precision needed for such
low crystal concentrations. In handsamples, a change in crystal content is recognizable
from gray to white pumices with crystal contents dropping from %1% to virtually
aphyric, respectively. and is confirmed by mineral separation data (Table III-2). The
increase of crystal contents from 0.6 to 1.3 weight % from group-E to group-C
requires verification by more data. No emphasis is put on this increase because it could
also be an artifact of pumice sampling. The abrupt drop of crystal content to ca. 0.1
weight % in the group-B pumice (#RT34E) is thought to be significant (Tab. 2). Only
ca. 8 crystals (feldspar and quartz) were recovered from group-A pumice (#RT173H).

Among the crystal-bearing pumices (all but group A), the mode and the mineral
chemistry change progressively (Table II-3, Fig. III-4 to II1-6). Phases observed in all
mineral-bearing pumices are feldspars, Fe-rich clinopyroxene, magnetite, quartz, and
the accessory phases zircon, and apatite. Pyrrhotite was found as inclusions in all but in
group B pumice. The main modal changes are: (1) the quartz/feldspar ratio increases
from a value close to zero to about equal proportions, (2) clinopyroxene and magnetite
concentrations are relatively constant, and (3) despite intense search, fayalite is
restricted to group-D and -E. In group-D and -E pumice, fayalite and quartz are found
in minor quantities (Table II-2). Trace amounts (several flakes) of biotite were found
in groups B, D, and E. Some chevkinite inclusions were found in pumice group C
(#RT165A) and group E (#RT173C). A few small grains (= 100 microns) of high

density or magnetic phases (hematite & sulfides ?) were also found and will not be
discussed further.

W PET SR R P

G R
b m e, — e .-m-“'r.’-%i LTI e

"
.+
y
1

TUTE e

e G

——a

L













130
Table III-1, Continued: o
group-A ,
RTI4F  RT55B  RTI6SE RTI73D RTI73E  RTI73H  meantle |
m $i02 76.00  77.44 77.60  77.77  17.82  77.67 77.4 $0.7 e
TiO2 0.12 0.11 0.11 0.12 0.11 0.11 0.1120.01 ‘
A1203 11.72 12.10 12.07 11.97 11.91 11.96 11.920.1 e
_ Fe203* 0.86 0.86 0.86 0.89 0.87 0.87 0.87:0.01 b
" MnO 0.08 0.07 0.08 0.09 0.08 0.08 0.08:0.01 i
Mgo 0.10 0.13 n.d. 0.03 0.04 0.05 0.06£0.05 A
Ca0 (2.32) 0.30 0.30 0.28 0.26 0.26 0.2820.02 |
— Na20 3.33 3.35 3.89 3.68 3.81 3.46 3.5920.24 i
K20 5.47 5.62 5.06 5.17 5.08 5.53 5.3220.25 i
il P205 n.d. n.d. 0.02 0.01 0.02 0.02 0.0120.1 O
Al 0.97 0.96 0.98 0.97 0.99 0.98 0.98x0.01 {3
XRF ppm ‘l
Rb 116 121 122.7 123.1 122 122.4 121.222.7
Ba 19 40 24.6 17. 9.6 39 25%12 '
Sr (36.8) 3.3 3.4 2 1.1 2.1 2%l
I 169 180 175.3 173.6 174.9 174.7 175%4
Nb 37.4 39 40.3 40.6 39.3 39.4 3921
Fm Y 96.4 98 100.5 100.7 99.8 100.3 99+2
= Pb 17.9 18.3 18.9 21.1 17.2 20 1911
Zn 53 79 88.2 90.5 86.9 87.5 8114
- Ga 17.2 18.4 17.8 17.8 17.9 17.6 17.84£0.4
i v 6.4 2.4 2.5 n.d. n.d. n.d. 422
; Cu 1.9 0.8 1.2 2 1.4 | 1.420.5
Ni 10.9 11.1 14 12.6 12.6 14.3 131 T
Cr 1.5 2.5 1.6 n.d. n.d. n.d. 1.9£0.6 »
INAA ppm oh
™ FeO* 0.75 0.74 0.8 0.76 0.78 0.78 0.77£0.02 ; l
‘ Na 3.4 3.11 3.86 3.6 3.62 3.35 3.5+0.3 it
Cs 4.1 4.23 4.54 4.28 4.5 4.48 4.420.2 RHE
u 4.61 4.65 4.48 4.43 4.77 4.94 4.7£0.2 I
o Th 8.86 9.93 9.87 9.29 9.62 9.47 9.5%0.4 i
) Hf 6.75 6.95 7.24 7.12 7.15 7.13 7.12£0.2 ,,:i‘:-
: Ta 2.05 2.15 2.28 2.14 2.15 2.16 2.1620.07 b
Sb 1.32 1.43 1.42 1.5 1.52 1.55 1.46+0.08 o
As 4.79 3.52 5.31 3.87 4.38 4.38 4.4£0.6 ‘ e
i) Sc 3.76 3.96 4.05 3.9 3.89 3.93 3.940.1 i
‘ Co 0.42 0.08 0.05 0.06 0.05 0.08 0.1£0.2
La 19.9 19.1 21.7 20 19 19.9 201
- Ce 46.4 48.5 54 55 51 49 5123 R
Nd 29.1 23.4 30 31 32 28 2913 T
Sm 9.09 8.83 9.58 9.4 9.06 9.57 9.3£0.3 .2]
Eu 0.65 0.67 0.65 0.64 0.65 0.65 0.65%0.01 i
Tb 2.18 2.15 2.3 2.2 2.17 2.22 2.2020.05
o Yb 9.5 9.62 10.55 10.4 10.2 10.54 10.1£0.5 :
Lu 1.45 1.49 1.62 1.62 1.54 1.61 1.56£0.07 |
Eu/Eu* 0.19 .20 0.18 0.18 0.19 0.18 0.1910.01 \
r
- |
|
m ;
F
" ,
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Table III-1, Continued:

roup-D

RT50D RT173B RT1731 RT173L RT4A mean tlo
Sio2 76.12 76.59 75.31 76.0 0.6
TiO2 0.14 0.14 0.14 0.14 +0.00
Al203 11.88 11.97 12,17 12.0 0.2
Fe203* 1.81 1.93 1.95 1.89 +0.07
MnO 0.08 0.09 0.09 0.09 +0.01
MgO 0.06 0.05 (0.50) 0.06 +0.01
Ca0 0.62 0.45 0.65 0.57 £0.11
Na20 2.97 3.84 2.35 3.1 10.
K20 6.29 4.92 6.83 6.02 £1
P205 0.03 0.02 0.01 0.02 +0.01
Al 0.99 0.97 0.93 0.96 +0.03
XRF ppm
Rb 67 66.7 63 68 80.9 69 £7
Ba 1201 1230.2 1120 1140 1116 1160 =51
Sr 18.8 12.4 24.3 19 6
Zr 426 433 432 430 +4
Nb 26.0 27.2 25.6 26.3.40.8
Y 75.5 79.0 70.6 7514
Pb 16.1 14.8 16.9 16x1
Zn 106 115.1 107 109 5
Ga 18 17.6 17.9 17.8 10.2
\ 4.2 1.8 3.7 3+1
Cu 3.3 4 6.3 5+2
Ni 9.1 9.7 8.4 9.0+0.7
Cr 2.5 n.d. 4
INAA ppm
FeO* 1.57 1.69 1.69 1.72 1.71 1.68 £0.06
Na 2.85 3.93 3.28 3.47 2.35 3.2 10.6
Cs 2.27 2.38 2.17 2.2 3.4 2.5 0.5
U 2.4] 3.16 2.49 2.44 2.33 2.6 10.3
Th 6.4 6.47 5.87 6.02 6.15 6.2 0.3
Hf 10.39 10.55 10.3 10.6 10.72 10.5 0.2
Ta 1.34 1.34 1.29 1.38 1.4 1.35 +0.04
Sb 1.16 1.19 1.14 1.12 1.05 1.13 +0.05
As 3.9 3.7 3.13 3.6 3.6 H0.3
Sc 3.57 3.76 3.65 3.57 3.73 3.66 10.09
Co 0.4 0.11 0.12 0.24 0.26 0.2 £0.1
La 53 54.3 51 52.9 49.3 52 82
Ce 117.2 130 117 118 113 119 6
Nd 52.9 68 57.6 58.9 50.8 58 +7
Sm 12.16 14.01 13.1 13.8 12.42 13.1 0.8
Eu 1.97 2.03 2.01 2.04 1.94 2.00 +0.04
Tb 2.17 2.23 2.12 2.18 2.06 2.15 10.06
Yb 7.9 7.95 7.32 7.58 7.15 7.6 0.4
Lu 1.2 1.22 1.08 1.15 1.07 1.14 +0.07
Eu/Eu* 0.48 0.44 0.46 0.45 0.47 0.46 10.01
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Table III-1, Continued:

group-E
RT34A  RT34B  RT34C  RTS55A RTI40A RTI173A RTI73C  mean tlo
Si02 75.32 75.42 75.08 75.73 74.52 75.70 75.47 75.3 0.4
TiO2 0.17 0.18 0.18 0.16 0.18 0.16 0.16 0.17 10.01
A1203 12.42 12.19 12.32 12.19 13.04 12.47 12.26 12.4 0.3
1 Fe203* 2.23 2.07 2.34 2.07 2.37 2.23 2.18 2.21 40.12
A— MnO 0.09 0.07 0.09 0.07 0.11 0.10 0.10 0.09 10.02
= MgO 0.12 0.15 0.07 0.08 0.10 n.d. 0.01 0.08 10.06
Ca0 0.49 0.55 0.63 0.63 0.37 0.54 0.50 0.5320.09 e
Na20 3.57 3.56 3.88 2.64 2.54 4.18 4.61 3.6 0.8
K20 5.57 5.77 5.38 6.34 6.75 4.59 4.69 5.6 10.8
P205 0.02 0.04 0.03 0.08 n.d. 0.02 0.01 0.03 10.02 |
Al 0.96 0.99 0.99 0.92 0.88 0.95 1.03 0.96 £0.05
XRF ppm ’
Rb 63 64 63 62 71 62.2 63.5 64 13 b
Ba 1947 1898 1914 1999 1839  2030.6 1834.6 1920 175 bl
Sr 23.9 22.8 26.3 29 18 22.5 23.4 24 %3 o
B Zr 457 469 460 464 488 474.3 457 467 %11 R
Nb 25.6 25.2 25.4 25.8 26.7 26.8 26.4 26.0 £0.6 P
. Y 76 75 75 74 78 77 76.2 76 1 g d
‘ Pb 15.4 14.7 14.9 15.4 9.7 13.1 10.3 13 2 L
Zn 117 106 117 108 110 119.8 113.1 113 25 SR
Ga 19 18.3 18.3 18.3 19.9 19 18.6 18.8 0.6 Gk
v 1. 20.9 16.8 4.4 n.d. 3.7 1.9 9 18 Lol
Cu 3.1 4.1 3 3.5 8.3 4.3 4.7 422 b
Ni 8.4 10.6 9.4 8.2 10.7 10 8.8 9 1 o
Cr 4.2 3.4 2.9 1 n.d 0.3 0.3 212 bt
: INAA ppm R
. FeO* 2 1.87 2.09 1.83 2.00 2.00 1.91 1.96 0.09 i
Na 3.86 3.9 3.71 2.48 2.42 4.04 4.5 3.6 10.8 b
Cs 2.28 2.32 2.33 2.25 2.44 2.33 2.35 2.33 £0.06 B
4] 2.3 2.44 2.35 3.1 2.41 2.68 2.18 2.5 0.3 7 i
Th 5.63 5.69 6.12 5.47 5.33 5.7 5.67 5.7 0.2 T g
= Hf 11.17 11.31 11.19 11.11 10.76 11.2 11.07 11.1 0.2 0y
Ta 1.33 1.36 1.35 1.34 1.37 1.36 1.35 1.35 0.01 ' :gjgg
Sb 1.18 1.28 1.34 1.08 1.16 1.14 1.17 1.19 10.09
As 4.9 5.4 4.5 3.4 4.3 4.2 4 4.4 0.6 L,
. Sc 4.29 4.33 4.83 4.12 5.02 4.51 4,32 4.5 10.3 )
a Co 0.26 0.5 0.59 0.5 0.22 0.14 0.13 0.3 0.2
|
La 51.1 51 49 49.8 53.5 51.9 51.7 51 &1 )
- Ce 111.8 109.9 105.6 107.8 126 120 112 113 &7 EE
fm Nd 52 50.4 50.5 49.9 65 61 58 55 16
Sm 12.85 12.76 12.26 11.75 14.16 13.56 13.39 13.0 10.8 i
‘ Eu 2.56 2.95 2.71 2.5 2.67 2.6 2.48 2.64 0.16 !
- Tb 2.17 2.22 2.16 2.11 2.12 2.16 2.13 2.15 10.04 ;
Yb 7.68 7.65 7.51 1.56 7.99 7.97 7.91 7.8 0.2
m Lu 1.16 1.14 1.08 1.16 1.25 1.24 1.23 1.18 0.06
‘ Eu/Eu* 0.60 0.68 0.65 0.62 0.59 0.58 0.56 0.61 +0.04
] i
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Fig. III-3 Enrichment factors

- Enrichment of the average composition of individual pumice clusters relative to the
r;, average of least evolved composition rhyolite group E (Table II-1).
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Accessory phases occur only as inclusions in major phases, free accessory
phases were not observed in even the smallest size fractions except for sparse zircons
recovered from the 106-180 micron fraction of group B pumice (#RT34E).
Petrographically, accessory phases occur as inclusions in or adhering to clinopyroxene,
fayalite, and magnetite grains; inclusions in feldspar are rare. Crystallization of
accessory phases seems to be controlled by local saturation around larger, mainly mafic
phases (c.f. Bacon, 1989). Zircon is the most abundant phase with less apatite and
much less chevkinite; the estimated proportions of zircon to apatite to chevkinite are
10:3:1. The estimate for chevkinite is a maximum value because only 3 grains were
found in two pumices compared to more than 30 grains of zircon inclusions per
mineral-bearing pumice. An estimate of the absolute concentrations of zircon can be
made by determining the volume % zircon in mafic phases and combined with absolute
abundances of mafic phases (Table III-2). The volume % zircon in mafic phases was
determined by petrographic inspection of mafic phases under reflected light followed by
areal analysis of one large clinopyroxene grain (1mm) which appeared to contain more
zircons than most clinopyroxenes, fayalites, and magnetites. The volume % of zircon
of this grain is 0.93; assuming the same overall zircon abundance in mafic phases, the
recalculated weight % of zircon in mafic phases is 1% (4.0 g-cm3 used for "bulk mafic
minerals"). From this follows that the total abundance of zircon varies from 0.0005-6
weight % in pumice of group B and C to 0.001 weight % in pumice of group D and E.

Felsic minerals

Feldspar change from anorthoclase in group-E and group-D pumice to Na-
sanidine in group-C and -B (Fig. III-4). A few micro feldspar phenocrysts found in
sample group-A pumice (#RT173H) are oligoclases (Abgg.70); however whether they
are true equilibrium phenocrysts is ambiguous due to the low abundance. Individual
feldspar phenocrysts in all high-silica rhyolite compositions indicate a very limited
internal range, commonly with less than 1 Ab unit, except some feldspars from one
banded pumice (#RT17A) which are anorthoclases (Abgg) with a more sodic rim
(Ab7s).

The range of feldspar compositions becomes progressively tighter with 6 Ab
units in group-C rhyolite and a 2 Ab unit range in group-B rhyolite (Fig. III-4). The
general decrease in Na and increase in K is confirmed by the bulk feldspar analyses

|
e


















































































'§3,;; R g.:w.g’, H

165

Fig. II1-10 Enrichment rates for selected elements

Rates were determined by calculating enrichment factors between group E and D (D/E),
group D and C (C/D), group C and B (B/C), and between group B and A (A/B).
Chemical averages were used xcept, group-C is represented by a single sample,
RT165A, due to larger scatter within group C.
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