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Table 1.

Localities of analyzed samples of the Mineral Range Volcanics

Samplie #

MR 74-2

MR 74-3

MR 74-4

MR 74-7

MR 74-8

MR 74-13
MR 74-16
MR 74-18
MR 74-19
MR 74-22
MR 74-29
MR 75-14
MR 75-18
MR 75-19
MR 75-20
MR 75-22
MR 75-30

Sample
Localities

Bailey Ridge flow
Bailey Ridge flow
Bailey Ridge flow

Big Cedar Cove dome
Wild Horse Canyon flow
Bailey Ridge flow
Bearskin Mtn. dome

Pole Line Road

Pumice Hole Mine

So. Twin Flat Mtn. dome
Pass Road

Little Bearskin Mtn. dome
No. Twin Flat Mtn. dome
No. Twin Flat Mtn. dome
No. Twin Flat Mtn. dome
Corral Canyon dome

Corral Canyon dome

Rock type

Obsidian
Perlite
Pumice
Rhyolite
Obsidian
Obsidian

Obsidian

Granite Porphyry

Pumice

Obsidian

Min. Range Granite

Obsidian
Obsidian
Rhyolite
Obsidian
Rhyolite
Obsidian




Model analysis of Mineral Mountains igneous rocks (volume percent).

Devitri-
Plagio- Ortho- fied Void  Ground-

Rock  Quartz Sanidine Orthoclase clase Biotite Amphibole Pyroxene Glass Glass Space mass Other Opaques
MR74-2 - 9.0 - - 0.1 - - 90.5 0.4 - - - -
MR74-3 - 3.1 - - 0.2 - - 94.2 2.4 - - - -
MR74-4 - 4.0 - 0.1 1.0 - - 84.9 10.1 - - - -
MR74-7 3. 2.8 - 0.9 0.1 - - 1.5  91.5 - - - 0.1
MR74-8 - 6.0 - - 0.8 - - 85.5 6.3 - - - 1.5
MR74-13 - 1.9 - - 0.4 - - 84.2 13.5 - - -
MR74-16 - 2.3 - 0.2 - - - 97.3 0.3 - - - -
MR74-18 1. - 12.7 1.3 0.5 - - - - 0.8 §2.5 0.9 0.3
MR74-19 1. 0.6 - 0.2 0.2 - - 92.4 0.2 4.7 - - g.1
MR74-29 25. - 66.4 6.3 0.7 - - - - - - 0.1 0.6
MR75-14 2. 4.7 - 0.6 0.1 - - 89.5 2.1 - - - 0.3
MR75-19 3. 0.8 - 1.6 1.1 - - 2.2 86.0 4.3 - - 0.1
MR75-20 1. 1.2 - 0.5 - - - 6.6 - 0.1 -
MR75-22 3. 1.7 - 0.8 0.5 0.1 - 0.3 92.7 - - - 0.5
MR75-30 0. 0.2 - 8.2 1.6 1.4 0.1 86.0 - 1.1 - 0.5 0.5




Microprobe analyses of glass in the Mineral Range volcanics

74-2  74-3 74-4 74-8 74-13 74-16 74-22 75-14 75-18 75-20 75-30
3102 76.4 76.8 74.1 77.1 76.5 76.0 75.9 76.5 75.8 76.5 74.8
TiO2 0.12 0.12 0.12 0.12 0.13 0.06 C.06 0.07 0.08 0.07 0.14
A1203 12.4  12.4 12.0 12.4 12.4 13.0 13.3 12.6 12.7 12.8 12.9
FeO 0.73 0.72 0.65 0.74 0.75 0.56 0.48 0.53 0.52 0.58 0.82
MnO 0.06 0.06 0.08 0.06 0.05 0.09 0.09 0.11 C.11 0.11 0.05
Mg0 0.09 0.08 0.06 0.09 0.09 0.05 0.02 0.04 0.03 0.04 0.12
Cal 0.55 0.56 0.56 0.55 0.54 0.42 0.41 0.38 0.32 0.40 1.06
NazO 3.67 3.66 3.29 3.58 3.72 4.14 3.39 4.23 4.23 4.29 3.26
K20 5.10  5.09 4.78 4.95 4.90 4.26 4.83 4.58 4.57 4.53 5.06
F 0.20 0.14 0.08 0.15 0.13 0.25 0.25 0.34 0.33 0.33 0.03
Sum 99.3 99.6 95.9 99.7 99.2 98.8 99.2 99.4 98.7 99.7 98.2
Less 0=F 0.1 0.1 0.03 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0
Total 99.2 99.5 95.9 99.6 99.1 98.7 99.1 99.3 98.6 99.6 98.2




Mineral Range Trace Elements in PPM

74-2 74-3 74-4 74-7 74-8 74-13 74-16 74-18 74-19 74-29 75-14 75-19 75-20 75-22 75-30

Ba 125 135 130 85 120 135 - 105 - 10 - - - 390 750
Ce 70 60 60 60 65 55 35 30 20 30 45 40 40 60 70
La 45 45 40 40 40 45 30 25 30 30 35 35 35 40 45
Nb 25 25 25 30 25 25 40 30 35 30 45 45 35 25 -
Nd 20 15 20 15 - 20 20 5 10 5 10 10 10 10 30 35
Pb contam. 40 35 40 35 35 45 30 35 25 30 30 35 20 20
Pr 10 10 10 5 - 5 5 5 5 - 5 5 5 5 10 10
Rb 195 195 195 195 200 190 320 250 245 155 340 330 340 160 120
Sr 35 35 40 30 35 40 - 50 5 15 - - - 105 270
Th 25 25 20 25 25 25 40 30 35 20 35 35 35 10 15
Y 15 15 15 15 15 20 20 15 15 20 15 15 20 10 15
in 40 40 40 45 35 35 40 35 40 20 45 50 45 30 60

lr 100 100 100 80 100 100 85 80 60 80 85 80 90 85 110

K/Rb 225 220 215 210 215 230 120 170 170 260 115 115 115 275 310




Mineral Mountains Trace Elements in PPM in Volcanic Ashes of Ranch Canyon

76-7 76-9 76-10  76-13 76-14 76-17L 76-17U 76-18L 76-18U

Ba - - - - - - - - -
Ce 25 25 35 35 35 35 30 40 40
La 30 25 25 25 30 30 30 35 30
Nb 30 30 35 35 50 35 25 40 25
Nd 5 5 5 5 10 5 5 40 40
Pb 30 35 45 _ 35 35 40 30 35 35
Pr 5 - - 5 5 5 5 5 5
Rb 240 265 290 295 310 295 315 305 295
Sr 10 5 5 - -5 5 - 5 -
Th 30 30 40 40 40 40 35 35 40
Y 15 15 15 15 20 15 15 20 15
in 40 45 40 30 45 35 40 40 35

Ir 60 65 70 70 90 75 80 85 80
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Analyses of ilmenite and titanomagnetite

[Tmenite Titanomagnetite
3 16 19 22 26 30 3 16 19 22 26 30
SiO2 0.02 0.08 0.03 0.04 * 0.01 0.03 0.08 0.04 0.28 0.35 0.18
Ti0 42.0 46.5 46.7 44.7 40.7 49.8 5.00 4.90 4.73 6.45 5.53 7.51
Al 8 0.13 0.04 * 0.36 0.27 0.03 0.93 0.62 0.63 1.52 1.23 1.86
Cr203 * * * 0.03 0.07 * 0.03 0.03 0.02 0.07 0.06 0.13
Vv, 705 0.23 0.46 0.44 0.49 0.26 0.14 0.43 0.71 0.72 0.79 0.52 0.55
Féo 50.3 44.7 44.8 50.4 53.4 46.6 86.2 85.8 84.7 83.9 84.9 82.6
Mn0 3.20 6.40 6.60 2.45 1.73 3.08 0.90 2.61 2.75 1.25 1.37 0.66
Mg0 1.50 0.72 0.65 0.32 1.18 0.18 0.80 0.21 0.20 0.32 0.48 0.79
Ca0l 0.1 0.01 . 0.02 0.04 * * 0.09 0.01 0.02 0.04 * 0.02
n0 0.17 0.44 0.12 0.30 0.02 0.03 0.26 * 0.29 0.25 * 0.22
Total 97.7 99.1 99.4 99.1 97.6 99.9 94.4 95.0 94.1 94.9 94.4 94.5
Recalculated analyses
Fe203 20.8 12.2 11.9 15.0 23.4 5.87 58.6 58.6 58.3 53.6 55.7 .3
Fe 0 31.6 33.7 34.1 36.9 32.4 41.3 33.5 33.1 32.2 35.7 34.8 .4
Total 99.8 100.6 100.6 100.6 100.0 100.4 100.3  100.9 99.9 100.3 100.0
Mo] —% 20.2 12.0 11.7 15.3 18.6 14.3 14.2 13.7 19.4 17.1
2 790 660 650 740 780
—1og fo 12.5 16.8 16.9 14.4 13.1

2

*Below 1imit of detection, 0.01%.
Fe O recalculated on ilmenite basis and magnetite reca]cu]ated on ulvospinel basis of Carmichael (1967).
ané =log fo2 are taken from curves of Buddington and Lindsley (1964).
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. Mineral Range Feldspar - BaO & Fe?O3

Fe,0

273

74-2

mph, A 0.15 0.29
74-3

mph, A 0.20 0.30
74-4

mph, A 0.17 0.25
74-7

ph, P 0.02 0.25

ph, A 0.10 0.17

gm, A 0.04 0.26
74-8

mph, A 0.12 0.32
74-19

ph, P 0.04 0.23

ph, A 0.00 0.12

gm, P 0.02 0.23

gm, A 0.2 0.15
74-22

ph, P 0.00 0.30

ph, A 0.00 0.12
75-22

ph, P 0.04 0.21

ph, A 1.14 0.13

gm, A 0.25 0.13
75-30

ph, P 0.04 0.39
mph = microphenocryst P = plagioclase

A = alkali feldspar

ph

gm = groundmass
= phenocryst




Mineral Range Feldspar - Ba0 & Fe?O

3
Bal Fe203

74-13

mph, A 0.17 0.29
74-16

ph, P 0.00 0.17

ph, A 0.00 0.13

gm, P 0.00 0.21
75-14

mph, A 0.00 0.29
75-18

ph, P 0.00 0.20

ph, A 0.00 0.18

gm, P 0.00 0.32

gm, A 0.00 0.29
75-19

gm, A 0.00 0.17
75-20

ph, A 0.00 0.15

gm, P 0.00 0.30
mph = microphenocryst plagioclase

groundmass
phenocryst

gm
ph

o

=)
it il

A

alkali feldspar




Mineral Mountain Allanites

74-16 i 74-19 75-22
5102 30.8 30.7 31.4
TiO2 1.88 2.04 1.30
A]ZO3 11.5 11.2 14.3
ZrO2 0.02 0.03 0.02
FeO 16.4 16.9 14.9
Mn0 1.80 1.83 0.57
My0 1.17 1.13 1.29
Ca0l 9.13 9.20 10.5
NaZO 0.07 0.06 0.04
KZO 0.06 0.04 0.04
Ce203 12.5 12.4 11.7
La203 9.53 9.41 6.55
Pr203 1.01 1.05 1.32
Nd203 1.43 1.52 3.58
Sm203 0.71 0.71 0.92
Gd203 0.56 0.37 0.45
Y504 0.06 0.07 0.12
Nb205 0.01 *
F 0.32 . 0.32 0.15
Sum 98.6 - 99.0 99.2
Less F=0 0.13 0.13 0.06
Total 98.5 98.9 99.1

B e
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ABSTRACT

The Roosevelt KGRA (known geothermal resouce area) located near
Milford, Utah, is associatedwith a suite of Quaternary silicic vol-
canics distributed for 15 km along the crest and western flank of the
Mineral Mountains, a large Tertiary granite batholith. The volcanics
are high-silica rhyolites and occur as domes, flows and tuffs. Initial
eruptions resu]téd in two flows of low viscosity, phenbcryst—poor rhyo-
-lite. Later activity consisted of pyroclastic eruptions énd the emplace-
ment of at least 9 viscous domes.. In‘addition to abundant glass the
rhyolites contain alkali feldspar, plagioclase, biotite, iron-titanium
oxides and small amounts of hornblende, allanite, apatite, Zircon,sphene
and topaz. Magmatic temperatures were about 700°C and water fugacities
ranged frbm 350_to 3450 bars. Based on water fugacity.calculations we con-
clude that there may have been one or more shallow magma chambers in the

Mineral Range at depths of about 1.6 km.




"Introduction

Young si1iCic volcanics are considered possible indicators of the
subsurface presence of shallow magma chambers still sufficiently hot tov
have potential for geothermal resources. A rationale for this approach
is outlined by Smith and Shaw (1975). In the Mineral Mountains, young
rhyqlite masses ex;end discontinously for about 15 km along the range
crest; these have been little studied and previously were interpreted as
~erosional remnants of a single large silicic volcano of Pliocene age
(Ear1l, 1957; Liese, 1957). This report describes the volcanisms of the
area, including K-Ar ages which demonstrate that many separate lava domes
flows, and tuffs were erupted from vents along the range crest between
0.8 and 0.5 m.y. ago. Along one of the western range;front faults,
about 2 km northwest of the nearest rhyo]itiﬁ volcanic rocks, Roosevelt
Hot Springs is located wfthin the Known Geothermal Resource Area_(KGRA).
The silicic vo]canism_recorded by the rhyolites of the Mineral Mountains

perhaps provides the_heat source for the KGRA, (Lipman; et al., 1976 Evans,
- and Nash, - 1975). : '
General geologic setting

The Mineral Mountains, in_westvcentral Utah (Fig. 1), is a typical
basin-range horst, which rises about 1 km above the adjacent alluviated
basins--the Escalante Desert to the west and an unnamed valley to the
east. It extends neér1y150 km in d northerly direction and is mostly
about 10 km wide. 7

On the western and northern sides of the range metamorphic rocks
of‘the Wildhorse Canyon series bf Condie (1960), of probable Precahbrian

age, are the dominant rocks, but Paleozoic and Mesozoic sedimentary rocks




Fig. 1. Generalized geologic map of the central Mineral Mountains, Utah
(Lipman, et al., 1976). Tg, granite of Mineral Mountains; Qrl, lava flows
of Bailey Ridge and Wildhorse Canyon; Qrp, pyroclastic rocks; Qrd, lava
domes; Qac, surficial deposits; Qh, hot springs deposits.
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are exposed widely on the southern and eastern sides of the range. These
layered rocks are intruded by a distinctive body of granite, the Mineral
Mountains pluton, which is the largest sing]é outcropping‘intrusiVe body
in Utah, covering nearly 250 km2. This granite and associated pegmatite
and aplite may be as young as late Miocene, having yielded two K-Ar ages
on feldspars of 15 and 9 m.y. from different samples sites (Park, 1968;
‘Armstrong, 1970). These young apparent ages are suppdrted by preliminary
RB-Sr isotopic data, which indicate that the granitc rocks can be no
older than mid Tertiary (35 m.y.) and are probably upper Tertiary rocks
that have assimilated aISignificant component of older basement material
(C. E. Hedge, oral commun., 1975).
| Prior to the onset of late Cenozoic-fhyo]ite vo]cénism in the

Mineral Range, the Mineral Mountains pluton and its country rocks were
deeply dissected to form a rugged ekosional.topography with towering
pinnacles rising above narrow mostly dry valleys.

The Mineral Mountains.is Bounded on the’west, and probably on the'
east side by north-striking normal faults. The trend of the bounding
faults on the west is markedv1oca11y in the Roosevelt KGRA by discon-
tinuous elongate moUnds’df-opa]ine sinter and other hot-spring debosits.
Near the north end of this trend is Rooseve]t Hot Springs. Water tem-
peratures as high as 90°C}haVé been recorded from Roosevelt hot springs,

but sometime prior to 1966 the springs dried up (Mundorff, 1970).

Rhyolite of the Mineral Mountains

Rhyolitic rocks in the Mineral Mountains include three stratigra-
phically distinguishable sequences. - Lowermost are two nearly non-
porphyritic obsidian-rich lava flows. These are overlain by a pyro-

clastic sequence, including both ash-fall and ash flow tuffs.




Stratigraphically highest are porphyritic rhyolite lava domes erupted
from at least 9 Separate vents along the range crest. Cross-sections
of domes and flows of the Mineral Mountains are shown in Fig. 2. The

3

domes and flows have a total extrusive volume of 14. km~., The ash of.

Ranch Canyon may have contained as much as 0.4 km3 of.materia]L

Flow of Bailey Ridge and Wildhorse Canyon

The oldest rhyolitic rocks in the Minefa] Mountain are two lava
flow of virtually nonporphyritic flow—]ayered rhyolite. One flow is
exposed for about 3 km along Bailey Ridge and in Negro Mag Wash north-
west of Bearskin Mountain. The other is exposed for about 3.5 km along
Wildhorse Canyon, west of Bearskin Mountain. Both flows were originally
as much as 40 m thick and followed pre-exiStingbvalleys that drained the
west side of the Mineral Mountains, with ré]ief much like thé present,
and that were graded nearly to the present levels at val]ey.fronts.

Both flows are only slightly dissected, and much of their primary upper
surfaces of frothy pumiceous perlititic rubb]é are preserved.

Where deeply disseéted, both flows disp]aj similar cooling and
crystallization zonations. The basal few meters of the flow, resting
directly on medium to coarse grained granite of the Minera] Mountains
pluton, consist of dense black obsidian. The obsidian has we]]"deve1oped
flow Tamination defined by aligned micrO]ites of feldspars and opaque
oxides. The basal obsidian zone grades upward within a meter or two
| into a well layered zohe, in which dark obsidian andvlight gray or brown
finely crystallized f]ow-]ayered\]ava a]ternate.' Thé interior of the
flow is as much as 10-30 m thick,»and consists of gray relatively
structureless divitrified rhyolite, in places with’concentrations of

ovoid gas cavities locally filled with vapor-phase crystallization




Fig. 2. Cross sections of flows and domes of Quaternary rhyolite in the
central Mineral Mountains, Utah. The feeder pipes shown are diagrammatic

only.
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- products. In uppef parts of the flow a few meters of flow-layered ob-
sidian are interlayered with divitrified rock passing upward into a more
uniform dark g]assvzone, or grading directly into a frothy rubbly breccia
of tan perlitic pumice as much as 10 m thick at the top of the flow.

The flow layering and lamination in these khyo]itic 1avas‘is re-
markably planar and uncontorted, in comparison with the swir1y internal
structures typical of many rhyolitic lava flows. -The "famp structures"
that occur commonly in upper parts-of silicic flows (Christiansen and
Lipmah, ]965), are absent or poorly developed, and subhorizontal layering
is typical throughout the Bailey Ridge and Wi]dhorse Cahyon flows. The
most common deviations from planar layering are sma]],vtypica11y root-
1ess.recumbent folds. The limbs of which are usually less than 1 m
long. These‘f]owage features, as well as the relatively thin cross-
sectional thickness of the lava flows in comparison with their longitudinal
extent, indicate that they were characterized by lower emplacement vis-
cosities than many silic lava flows.

Vents for these oldest flows of the Mineral Mountains are obscure.
The Wildhorse Canyon»f]ow appeﬁrs to extend up drainage beneath younger
lava domes in the upper pért of the canyon, although exposures of the
crftica] relations are poor because of cover by rubble. .Prdbab]y the
vent area for this flow is beneath the younger lavas to the east. If
the Bai]ey Ridge flow vented from beneath its uppermost outcrop area,
surface structures of this part of the flow give no indication of any
concealed vent. This part of the flow is little dissected, however,
and the vent area‘could be completely buried. Alternatively, the Bailey |
Ridge flow, and a]sd the Wildhorse Canyon flow, might have come from

higher on the slope, underneath'the area now covered by the Bearskin




'ahd Little Bearskin Mountain lava domes. However, this would require
. that the upper portions of the flows be largely removed by erosion while
leaving the lower portions not highly dissected.»

A single K-Ar radiomeﬁric age determination of 0.77+.08 m.y.
from the toe of the Bailey Ridge flow, is the oldest age obtaiﬁéd from -
any of the Mineral Mountains rhyo]ftes. The Bailey Ridge flow has a
reversed paleomagnetic_polepositioﬁindicating, in conjunction with
K-Ar data, that‘it was erupted toward the end of the Matuyama polarity
'epoch. The Wildhorse Canyon flow.has not yet been dated radiometrically,
but it also is characterized by a reversed polarity, which, in conjunction
with morphological and chemical resemblance to the Bailey Ridge flow,
and its position beneath some of the pyroclastic rocks, suggests a similar

age.

Pyroclastic rocks

South of Wildhorse Canyon, pyroclasticnrocks of ash-fall and ash-
flow origin are the Towest exposed rhyolitic rocks. The main area of
pyrqc]astic rocké is in Ranch .Canyon, where tuffs-bury»rugged paleo-
tbpography muéh 1ikevthe present land surface.

The pyroclastic rocks are only weakly cohso]idated and are mostly
poorly exposed; underlying a]iuyiated slopes. All thé pyroclastic
deposits, both ash-fall and ash-flow, are.iightco]ored4Qwhite to light
tan. They occur over an a1titude range from 1,950 m in valley-bottom
exposures in Ranch Canydn to as high as 2;540‘m dn the surrounding
s}opes. Much of the pyroclastic sequénce,has been removed by erosion
in Ranch Canyon, and it is not c]éar to what extent'thié altitude
range reflects an actual total thickness of the original deposit and

to what extent this altitude range reflects an actual total thickness




of the original deposit and to what extent the pyroclastic focks were
thinner but blanketed the preexisting topography. In Ranch Canyon these
rocks are overlain by thé large lava domes on North and South Twin Fiat
Mountains and by sma11er'mas§es_of rhyoliticlava on adjacént ridges.
Although contacts between these domes}and the pyroclastic rocks are no-
where well exposed,vthis stratigraphic sequence is indicated by structural
zones in-the rhyolite domes of North and South Twin Flat Mountains. The
lowest exposures are of a subhorizontal zone of basal flow breccia below
V the basal obsidian zone; this would be an improbable relation if the pyro-
clastic rocks had been plastered against older lava domes. Thus, the
lava dome of South Twin Flat Mountain overlies pyroclastic rocks that
are ét least 60 m and probably as much as 180 m thick, and these figures
. suggest minimum thicknesses of the pyroclastic unit.

The lowest pyrop1astic'rocks are beds of air-fall pumice and ash
at least 10 m thick and probably much thicker. Individual beds are a
few centimeters to about a meter thick, and bedding dips variab]y, re;
flecting an underlying topogkaphic surface on grantite of the Mineral
Mountains pluton that is as rdgged as the:present.one.

Ash-flow deposits w{de1y overlie the ash-fall bedélin Ranch Canyon.
| The asﬁ-flow deposits 1oca11y are at least 50 m thick; probably the.
total thickness is much greatér; but accurate estimates are difficult
because of the poor exposures.._]he-aSh-f]ow deposits are everywhere
- nonwelded and only weakly consoTidated; they tend to weather to small
conical hj1]s.v On especially steép_s]opes the ash-flow deposits rest
directly against granite, with no intervening ash-fall material. In
exceptionally good exposures, several flow units--each a few meters

thick--can be recognized in the ash-flow deposits, with partings be-




tween the flow units marked by local cbnéentrations of pumice, lithic
~ debris, or better sorted ash.

"On the north side of Tower Wildhorse Canyon, an isolated patch of
pyroclastic material about 150 m across consists of finely laminated
white fine-grained ash of lacustrine origin. These beds of wéter- |
reworked ash are younger than the Wildhorse Canyon flow and were deposited
in a local basin dammed by the flow. The ash has a refractive index
similar to that of the pyroé]astics in Ranch Canyon, one valley to the
sodth, Suggesting that it represents a reworked marginal facies of this
deposit. - This stratigraphic re]étion, as well as K?Ar and paleomagnetic
data, indicate that the pyroclastic rocks are younger than the Bailey
Ridge.and Wild Horse Canyon flows.

A single whole-rock K-Ar age on an obsidian clast from ash-flow
tuff in Ranch Canyon'yielded.an age of 0.68 + .48 m.y. pfoviding an
older 1imit for the age of the pyroclastics.: The pyroclastic deposits
in Rénch Canyon,.as well as the local lake beds in Wildhorse Canyon,

have normal magnetic polarities in contrast to the reverse polarities

of the Bailey Ridge and Wildhorse Canyon flows. Thus, the pyroclastic

rocks have been deposited during.the Brunhes polarity epoch.

Porphyritic lava domes

. The stratigraphica]lyhighestparf of the'upper‘Cenozoic volcanic
assemblage 1in the"Minera1 Mountains is a group of at least 9 separate
perlite-mantled 1ava’domes and'sma11vf]ows of'pokphyritic rhyolite.
The domes tend to occﬁr along the éreSt of fhe range, discontinuously
over a zone about 15 km long. These domes form some of the highest
“topographic points in the Mineral Mountains, including Bearskin

Mountain with an elevation of 2772 m (9095 ft.). Individual domes are




as much as 1 km across at their base and stand as‘much as 250 m high,
although dimensions are difficult to determine precisely because of the
irregular pre-existing topography and subsequent érosfon. Small stubby.
flows extend out from some.of the domes, and some small isolated pétches
of rhyolite may represent either eroded flow remnanté or small Separéte.
domes. | | |

The larger domes, such as Bearskin and Little Bearskin Mountains,
are little efoded, and surface exposures consist 1arge1y of blocks of
tan perlitic glass that are little modified remnants of the original
brecciated frothy carapace of the dome. Scattered fragments of dense
black obsidfan, working out through the perlitic breccia, occur about
a third of the way above the base of these domes. Float of wel]]ayered
devitrified rhyolite is exposed locally just above the zone of obsidian
fragments. Pumiceous materi&l, that in places ravels out from below the
obsidian zone, may represent an initial pyroclastic fall that is nowhere
well exposed.

Other'domes, such as those of North and South Twin Flat Mountains
h:ave been more degp]y dissecte'd; in this case by the reexcavation of
Ranch Canyon, and their internal structural and crystallization features
are better exposed. ‘The internal features of :all these late domes are
'generally simi]ar; A basal black vitrophyric zone is everwhere well
developed, in places resting on lighter-colored glassy basal flow breccia.
The vitrophyhe zone, which is as much as 5-10m thick, grades into devitri-
fied rock through a trahsition‘zoné a few meters thick in which flow layer-
ed obsidianva]ternates with devitrified rock that is commonly highly
spherulitic. The divitrffied interfors of the flows tend to be Tight

gray containing conspicuous spherulitic crystallization. In places




gas cavities several centimeters across contain 1ithophysa1 fillings. The
interiors of the flows tehd to be crudely flow 1ayered,-with the Tayering
- subhorizontal just above the basal glass zone, but becoming steeper in
upper parts of the lava dome.' Near—veréica] rib-1ike masses of flow-
layered devitrified rbck are commonly exposed high on the domes, where ;
erosion has stripped away the surface mantle of frothy per]ite;v The
steeply dipping flow layereing and ramp structures of these domes thus
aré in contrast with structures in the older lava flows of Wildhorse
Canyon and Bailey Ridge. |

The porphritic domes typically do not have well deve]oped central
craters, as best shown by South Twin Flat Mountain, although several
have s]1ght>cenfra1 depressions that have been breached and accentuated
’by erosion. This is especial]y evident for Bearskin Mountain and North
Twin Flat Mountaih and the northern dome (Fig.2).

Scdrcity of bedrock exposures makes relative ages of the domes
difficult to defermine. North and South Twin Flat Mountains may be
among the-pTdést, and Béarskin Mountain among the youngest of the domeé.
The K-Ar ages'petrpgraphic aﬁa chemical similarities, and the generally
dimilar degerr of erosional diSsection indicate that the domes are about
the same age. The North Twin Fiat Mouﬁtain dome, is c]eaf]y‘o]der than
the unnamed ridge-capping flow 0.5 km to the north (Fig. 1). A poorly
exposed hetefo]itho]ogic‘lithicérich pyroclastic Breccia-intervenes
between the upper perlitic breccia of the Norfh Twin Flat Mountain dome
and the basal obsidianbzone of the overlying rhyolite. Bearskin Mountain
and the three domes extending 50uthwést from it appear compositionally
homogeneous, consisting of phenocryst-poor rhyolite similar to the

rhyo]ite that overlies the North Twin Flat Mountainvdome. The Bearskin




Mountain dome has yielded K-Ar ages on obsidian of 0.58-.78 + .07, and
$anidines from obsidian of Soufh Twin Flat Mountain and the unnamed most
northerly dome have yielded K-Ar éges of 0.49 + .07 and 0.53 = .06 m.y.
Magnetic-po]arity'determinations for several domes of this group are normal
indicating in conjunction with'the_K-Ar ages that they were erupted
during the Brunhes po]arity epdch.
The stratigraphic relations and KfAr ages of rhyolites of the

Mineral Mountains, indicate that these roéks wére emplaced.during a
relatively brief period in the Pleistocene, between 0.8 and 0.5 m.y.
ago. The Mineral Mountains are flanked on its north and east sides by
upper Cenozoic basalt flows {(Condie and Barsky, 1972; Hoover, 1974), |
rough]y contemporaneous with a younger than the rhyolite of the Mineral
Mountains, and this association of rhyolite and basalt together con-
stitute a bimodal volcanic assemblage of a type that is being recongized
widely in the western United Statés'in,late Cenozoic timev(Christianseh
and Lipman, 1972). |

| A significant question is whether the thermal anomaly of the
Roosevelt KGRA.is due to proximity tobthe late Cenozoic volcanic centers
in the Mineral Mountains. Rdoseve]t Hot Springs and other inactive hot
springs are c]éarfy located along the mountain-front fault on the.west
~ side of the Mineral Mountains, about 2 km west of the nearest exposed
rhyolite. The size and shape of the F]eistocene magmatic system under-
lying the Mineral Mountains cannot be determined with any precision from
the surface distribution of rhyo]itejvents, yet their extent for 15 km
along the crest of the.range_suggests the possibility of a_éizab]e‘mag—
matic system at depth. The elongate trend of rhyolite vents possibly might
even mark a segment of a large evolving circulaf igneous structure, such as

interpreted for the Coso rhyolite domes in California (Duffield, 1975).




The rhyolites of the Mineral Mountains were extruded a]ong.the eroded

cdre of the large Mineral Mountains pluton, itself a late Cenozoic feature
of remarkably ]drge size for so young an age. Proximity in space and time
'suggests that the rhyolite of‘the Mineral Mountains represents a late

- stage in evolution of complex magmatic system that had earlier given rise
to the granite of the Mineral Mountains. It seems likely, though not
probable, that this large complex magmatic system has also. been the heat
source for}the Roosevelt KGRA, with the shallow thermal anomaly enhanced
a]ong the range front by deep fault- contro]]ed convective circulation of

hot water.

Bulk. rock chemistry

Localities of analyzed samples afe given in Table 1 and modes of re-
preéentative Vo]canics are given fn Table 2. Chemical ana]yées and
CIPW norms of the lavas are g1ven in Tables 3 and 4 respect1ve1y
Microprobe analyses of glass from obs1d1ans are given in Table 5; CIPW
norms of these are provided in Table 6.

The Bailey Ridge and Wildhorse Canyon flows are petrographically
similar. They contain less than 0.5. percent total phenocrysts, the
majority of which are alkali feldspar. There are trace amounts of oligo-
clase, biotite, titanomagnetite, and ilmenite. The two flows are virtually
identical in chemical compoSition (Table 3). They are typical silicic
alkalic rhyolites, containing.about 76.5 percent SiO2 and just over 9
percent total alkalis. The fresh obsidians contain more fluorine than
water; secondarily hydrated‘pumite froh the Bailey Ridge flow contains

2.4 percent total H,0. The pumice and ash contain several percent of

2
small pheocrysts of quartz, oligoclase, alkali feldspar, biotite, magne-

tite, ilmenite sphene, and allanite. This mineral assemb]ége is generally




Table 1. Localities of analyzed samples of the Mineral Range Volcanics

Sample #

MR
MR
MR

MR-

MR
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR

74-2
74-3
74-4
74-7
74-8

74-13

74-16
74-18
74-19

74-22

74-29

75-14

75-18
75-19
75-20

75-22
75-30

Sample
Localities

Bailey Ridge flow
Bailey Ridge flow
Bailey Ridge flow

Big Cedar Cove dome
Wild Horse Canyon flow
Bailey Ridge flow
Bearskin an. dome
Pole Line Road

Pumice Hole Mine

So. Twin Flat Mtn. dome

Pass Road

Little Bearskin Mtn. dome

No. Twin Flat Mtn. dome

No. Twin Flat Mtn. dome

No. Twin Flat Mtn. dome
Corral Canyon dome

Corra]‘Cényon dome

Rock type

Obsidian
Perlite
Pumice
Rhyolite
Obsidian

Obsidian

Obsidian:

~Granite Porphyry

Pumice

Obsidian

Min. Range Granite
Obsidian
Obsidian

Rhyolite

Obsidian

Rhyo]ite

Obsidian




Table 2.  MODES OF MINERAL RANGE OBSIDIANS (VOLUME PERCENT)

74-2 '74-_3 744 74-8 74-13 74-16
glass 90.5  94.2  84.9 85.5  84.2 97.3
sanidine 9.0 3.1 4.0 6.0 1.9 2.3
plagioclase - - 0.1 - - 02
biotite 0.1 0.2 1.0 0.8 0.4 -
opaques - - - 1.5 - -

devitrified glass 0.4 2.4 10.1 6.3 13.5 : 0.3




Table 3.

_Chemical Analyses of Mineral Range Volcanics

74-2

74-3

74-7

74-29

74-4 74-8  74-13  74-16  74-18  74-19 75-14  75-19  75-20 75-22 - 75-30
510, 76.47 76.58 74.51 76.82 76.51 76.50 76.00 76.41 72,87 77.55 76.42 76.46 76.45 75.97 7013
Tio, 0.06 0.06 0.06 0.05 0.06 0.06 003 0.05 0.04 005 0.04 0.03 0.04 0.10 0.16
A0, 12.27 12.29 11.98 12.64 12.29 12.30 12.58  12.98 12.46 12.22 12.79 12.57 12.79 1289 1414
Fe,0;  0.33 0.29 0,33 0.6 0.23 03 024 0.37 0.9 017 020 041 030 0.2  ggg
Fe0 0.44 0.48 0.43 0.15 0.51 0.45 0.39 0.31 0.42 0.48 0.38° 0.18  0.29  0.46 1.25
¥n0 0.04 0.05 0.04 0.05 0.05 0.06 0.07 0.04 _0.07 0.02 0.05 0.05 0.05 0.02 0.01
Mg0 0.07 0.0 0.0 0.0 008 0.08 0.37 018 017 0.0 011 008 012 0.7 0.58
Ca0 0.66 0.60 0.62 0.50 0.65 0.65 0.45 0.31 040 0.44 044 044 040 0.9 5 o
a0 3.81 3.83 3.5 4.03 3.77 377 427 345 364 3.40 4.42 4.35 439 340 34,
K,0 529 5.24 5.0 5.00 5.28 518 4.64 523 4.99 4.87 472  4.69 473 5.9 4.58
PO tr  0.01 0.01 0.0 0.0 .01 0.01 0.0 tr tr tr 0.02 0.03 tr 0.06
H,O* 0.10 0.16 2.27 0.02 0.06 0.10 0.26 ©0.26 3.1 005 0.3 018 0.0 0.23 » 07
H,0- 0.08 0.04 0.23 0.04 0.06 005 006 010 08 0.04 0.01 008 - 0.06 0.2
F 0.20 0.4 013 - 0.15 012 0.25 - 023 - 0.38 - 0.33 - 0.03
Sum 99.82 99.87 99.37 - 99.71 99.65 99.62 - 99.48 - 100.05 * - 100.02 - 59,40
less F=0 0.08 0.06. 0.05 - 0.06 0.05 011 - 010 - 0.14 - 0.14 - 0.01
Total ~ 99.74 99.81 99.32 100.02 99.65 99.60 99.51 99.76 99.38 . 99.39 99.91° 99.50 99.88 99.66  gq 5q




Table 4.

CIPW Norms of Mineral Range Volcanics (Weight %)

74-2

74-3

74-4

74-7  74-8

74-13

99.50

74-16  74-18  74-19 . 72-29 75-19  75-20 75-22  75-30
q 33.17 33.21 33.11 32.22 33.25 33.58 32.43 35.07 31.90 37.72 32.22 32.43 32.49 33.89 26.89
C - - - - - - 0041 1.04 0.95 0.56 0.41 - 0.45 ~0.03 0.02
or 31.26 30.9 30.14 29.55 31.20 30.61 27.42 30.91 29.49 28.78 27.89 27.71 27.95 30.67 27.06
ab 32.24 32.41 30.12 3.0 31.90 31.90 36.13 29.53 30.80 28.77 37.40 36.81 37.15 28.77 29.11
an 0.76 0.87 1.65 1.63 1.02 1.3 0.3 1.47 0.3 2.18 - 092 - 4,51  9.62
Wo - - 0.04 - - - - - - oz - - -
di-wo  0.44 0.43 0.17 0.29 044 033 - - - - - 0.26 - - 0.07
di-en 012 0.13 0.06 0.25 0.0 0.11 - - - - - 0.20 - - -
di-fs 0.3 0.32 0.12 - 0.37 0.31 - - - . - 0.04 - - -
“hy-en 0.06 032 0.9 - 0.10 0.09 0.92 045 042 0.25 027 - 0.30 0.42 1.4
Chy-fs 017 0.32 0.37 - 0.37 0.27 0.60 0.26 0.68 0.70 0.56 - 0.31  0.50  1.49
mt 0.48 0.2 0.48 0.50 0.3 0.46 0.3 0.5 0.28 0.25 0.29 0.59 0.43 0.38  0.99
il 0.1 0.1 011 009 011 011 006 009 0.08 0.09 0.08 0.06 008 019  0.30
hm - - - 026 - - - - - - - - - - -
ap - 0.02 0.02 0.02 0.02 0.02 0.02 002 - - - 0.05 0.07 - 0.14
fr 0.41 0.29 0.27 - 0.31 0.25 0.51 - 0.47 - 0.61 - 0.50 - -
rest 0.18 0.20 2.40 0.06 0.12 0.15 0.31 0.37 3.60 0.10 0.14 022 0.10 029  2.31
Total  99.75 99.81 99.21 100.02 99.64 99.59 99.75 98 98 99.40 99.87 99.50 99.83 99.65 99.38




Table 5.
Microprobe analyses of glass in the Mineral Range volcanics

74-2  74-3  74-4 74-8 74-13 74-16 74-22 75-14 75-18 75-20  75-30

5102 76.4 76.8 74.2 77.1 76.5 76.0 75.9 76.5 75.8

76.5  74.8

Tio, 0.2 0.2 0.92 0.12 0.13 0.06 0.06 0.07 0.08 0.07 0.14

A0, 124 124 12,0 12.4 124 13.0 13.3 126 12.7  12.8  12.9
Fe0 0.73 0.72 0.65 0.74 0.75 0.5 0.48 0.53 0.52 0.58 0.8
Mn 0.06 0.06 0.05 0.06 0.05 0.09 0.09 .11 0.1 011 0.5
Mgo 0.09 0.08 0.06 0.09° 0.09 0.05 0.02 0.04 0.03 0.04 0.2
Ca0 0.55 0.5 0.56 0.55 0.5 0.2 0.41 0.3 0.3 0.40 1.06
Na,0 3.67 ,’3.65 3.29 3.58 3.72 4.14  4.02 | 4.23  4.23  4.29 3.26
K0 5.10 5.09 4.78 4.95 4.90 4.26 4.83 4.58 4.5  4.53  5.06
F © 0.20 0.14 0.08 0.5 0.3 0.25 0.25 0.3 0.3 0.3  0.03

Sn 9.3 99.6 9.9 99.7 99.2 8.8 99.4 994  98.8 997  95.2

Less 0=<F 0.1 0.1 0.3 - 0:1 0.1 0.1 0.1. 0.1 0.1 0.1 0.0

Total 99.2. 99.5 95.9 99.6 99.1 98.7 99.3 99.3 98.7. 99.6  98.2




Table 6 .

74-

CIPW Norms of Mineral Range Volcanic Glass

74-2  74-3 4 74-8 74-13 74-16 74-22 75-14 _75-18 _ 75-20  75-30
Q 34.65 34.90 35.88 36.18 35.02 35.22 34.01 34.03 33.84 33.78  33.83
c 0.38 0.23 0.70 0.53 0.34 1.49 1.47  0.68 0.91 0.79  0.2]
or 30.14 30.08 28.25 29.25 28.96 25.17 28.54 27.06 27.01 27.06 29.90
ab 31.05 30.97 27.40 30.29 31.48 35.03 33.57 35.79 35.20 36.30 27.59
an 1.6 1.75 2.19 1.6 1.73 0.25  0.20 - - - 5.04
hl - - 010 - - - 0.10 - 0.13 - -
hy-en  0.22 0.20 0.15 S 0.22 0.22 0.12  0.05 0.10 0.07  0.10  0.30
hy-fs 0.43 0.55 0.3 0.67 (0.45 0.55  0.45 0.59 0.50 0.38  0.62
mt 0.48 0.41 0.43 0.35 0.48 0.32  0.29 0.28 0.32 0.45 0.43
i1 0.23 0.23 0.23 0.23 0.25 0.1 0.1 0.13 0.5 013 0.27
fr 0.41 029 0.16 0.31 0.27 0.51 0.5 053  0.45 0.5 0.06
Total  99.26 99.60 95.83 99.66 99.19 98.78 99.32 99.21 98.57 99.55 98.25




charaCteristic of the youngest rhyolite flows as well. ‘Asso;iated with the
pumice ash are a few percent of rhyolitic lithic debris, including de-
vitrified rhyo]fte, per]ite, and sparse obsidian fragments. Phenocrysts
in the Tithic debris are relatively sparse, generally similar to those
in the flows of Bailey Ridge and Wildhorse Canyon. |

 A11'the ddmes contain several percent phenbcrysts of quartz, oli-
goclase, aika]i feldspar, biotite, and iron-titanium oxides (Table 2)."
Trace amounts of sphene and a]]anité occur in some domes. Hornblende,
zircon and allanite are present in fhe Corral Canyon dome, the south-
ernmost exposure of rhyolitic volcanics. The North and South Twin Flat
Mountain domes have‘5-8 percent total phenocrysts, distinctly more than
' any df the others. The obsidian zones of these two domes appear even
more phenocryst-rich, because of the presence of small "snowflake"
devitrification spots. ‘The fjows in upper Wildhorse Canyon and to the
north contain only 2-3 percént total phenocrysts. |

The porphyritic domes are‘chemica]]y similar. In comparison with
the older flows of Bailey Ridge and wi]dhorse Canyon, the domes are
slightly but significantly higher in Na20 and F;. they are lower in K20
and Ca0 (Table 3). |

Analyses of whole rocks and‘glasses are plotted in terms of S1'02 - ’
NaA1Si.0, - KalSi,0, in Fig; 3. A]]lana]ySes fall near the minimum

378 738
melting composition in the "granite system" (Tuttle and Bowen, 1958).

Mineralogy _
Modes of the éna]yzed lavas are given in-Tab1e 2. The lavas are

composed dominantly of glass with minor amounts of feldspar, biotite,
hornblende, titanomagnetite, ilmenite, allanite, apatite, zircon and

topaz.




Fig. 3. Chemical analyses of Mineral Range volcanic rocks (solid

circles) and glasses (open circles) plotted in terms of normative

quartz, albite and orthoclase. Tie lines connect rock and glass

analyses from the same sample. See Fig. 7 for location of the
ternary minimum in this system.







Feldspar: Both p]agiOc1ase'and alkali feldspar occur‘invthe
Mineral Mountain volcanics. Microprobe analyses are shown in Figs. 4-7.
Numerous rocks gontaih cb-existing p]agioclase and alkali feldspar; these
- compostional relations are shown in Fig. 8. |

Biotite: Microprobe analyses of biotite are given in Table 7. They
are all high in TiOé (2.8 - 4.7%) and most ;ontain substantial fluorine
(2.6 - 3.5%).

Hornb]énde: A microprobe analysis of hornblende is given in Table
8. It contains some fluorine but negligible chlorine.

Iron-titanium oxides: Microprobe analyses of iron-titanium oxides are

given in Table 9. Analyses are reported for those rocks that contain
both'titanmagnetfte and ilmenite. |
A]Tanite: Allanite is an epidote-type mineral containing SUbstantial
amounts of rare earth elements. Analyses 6f>three allanites from the Minerai
Range vo]cénics are given in Table 10 a]png with an analysis of allanite
from the Bishop Tuff,vCaIifornia, for comparison. These are the on]y two
~ volcanic occurrences we are awére.of that contain allanite; the minerai
is usually restricted to plutonic rocks of granitic compositon. The
total rare earth confents of Mineral Range allanites éxceed 25,pércent. o
SQhene:Sphene-has been- found in'severai samples and analyses of |
two are given in Table 11. The Sphenecontain§ measurable amounts of the

rare earth elements as well as yttrium, niobium, barium and fluorine.

Apatite and topaz: These two minerals occur in accessory amounts
in a few lavas. Both are fluorine-rich and indicative of the high
fluorine content of the rhyolite magmas. Topaz occurs in vugs in

rhyolite and has probably crystallized from the vapor phase.




Figs. 4-7. Anaylses of bulk rock, glass and feldspar in individual
samples of Quaternary rhyolite from the Mineral Range, Utah. Bulk

rock (soiid squares) and glass (open squares) compositions are plotted
in terms of normative constituents quartz, albite and orthoclase in the
upper ternary system. Microprobe analysis of phehocryst (solid circles)
and groundmass {open circles) feldspar are plotted in terms of weight

percent CaA1251208, NaA]S1308 and KA]S1308 in the Tower triangle

which shares a common join, Ab-Or, with the upper system. Coexisting
plagioclase and alkali feldspar compositions are connected by tie lines.
Values adjacent to tie lines are temperatures (°C) for the feldspar

pairs calculated from the feldspar thermometer of Stormer (1975). Solid
and dashed lines in the upper ternary system represent natural conjugation
1ines connecting phenocryst “and groundmass feldspar compositions with
bulk rock and glass compositions. A composite of all the compositional
data is given in Fig. 7. -~ ' '

I
















"Fig. 8. Compositions of coexisting alkali and plagioclase feldspar
together with the host rock composition plotted in the system

- CaA1,5i,0g (An), NaA1Si 04 (Ab), KA1Si505 (or). The Tocus of rock
compositions serves to define the shape of the two fe]dspar surface.







Fig. 9. Postulated shape of the two feldspar surface at silica
saturation. Solid circles are rock compositions in equilibrium
with two feldspars; open circles are rock compositions containing
only one feldspar. - B o :







Table 7. Average microprobe analyses of biotite.

75-

74-7 74-16 74-19 22 75-30 74-3
si0, 38.4 38.4 138.9 36.1 36.5 37.2
Tio, 3.26 2.79 3.08 4.57 4.70 3.13
AL, g 1.7 1.8 13.0 13.7 1.5
FO 16.0 16.8 16.5 22.0 16.8 16.9
M0 0.65° 0.94 0.79 0.30 0.17 0.73
Mgo 14.9 14.3 14.2 1.2 14.7 15.0
Ca0 - 0.04 0.02 0.03 0.04 0.07 0.01
Na,,0 0.46 0.40 0.46 0.44 0.47 0.49
K,0 9.0 8.74 9.01 8.41 8.97 9.15
Ba0 0.36 0.02 0.04 0.60 0.67 0.06
¢ 0.09 0.09 0.0 0.06 10.05 0.10
; | 3.2] 2.67 2.57 3.51 0.61 3.13
Sum ) 99.0 93.2 98.38 100.4 97.4 97.5
20 F,Cl 1.35 1.12 1.08 1.48 0.26 1.3
Total 97.6 97.1 97.3 99.0 97 96.2




Table 8. Average microprobe analysis of amphibole.

75-30
sio, 45.3
Tio, 2.04
A1,0, 9.30
Fe0 13.8
MnO 0.26
Mg0 3.5
ca0 1.5
NaZO- »1.85
K0 1.02
Cl 0.04
F 0.33
Sum ‘ 98.9
-0=F,C1 [ 0.14

Total ~98.8




Table 9. Average microprobe analyses of iron-titanium oxides

ITmenite Spinel
74-3 74-16 74-19 75-22 74-3 74-16 74-19 75-22 75-30

Si0, 0.2 0.08 0.03 0.04 0.03 0.08 0.04 0.28 0.59
Ti05 42.0 46.5 46.7 44.7 5.00 4.90 4.73 6.45 7.31
A1,0 0.13 0.04 - 0.36 0.93 0.62 0.63 1.52 2.01
créo3 . . - 0.03 0.03 0.03 0.02 0.07 0.14
V,0, 0.82 0.46 0.44 0.49 0.17 0.71 0.72 0.79 0.63
F&0 50.3 . 44.7 44.8 50.4 86.2 85.8 84.7 83.9 83.3
Mn0 3.0 6.40 6.60 2.45 0.90 2.6 2.75  1.25 0.74
MgO 1.50 0.72 0.65 0.32 0.80 0.21 0.20 0.32 0.87
Ca0 - 0.01 0.02 0.04 0.09 0.01 0.02 0.04 0.04
Zn0 0.17  0.44 0.12 0.30 0.26 - 0.29 0.25 0.22
Sum 98.14 99.05 99.36 99.13 94.41 94.97 94.10  94.87 95.85
Fep0, 20.6 12.2 11.9 15.0 58.6 58.0 58.3 53.6 52.3
Fe0 31.7 33.7 34.1 36.9 33.5 33.0 32.2 35.7 36.2
Total T00.1 100.6 T00.6 T00.6 100.3 100.9 99.9 100.3 100.7
Mole'%

usp 14.3 14.2 13.7 19.4 21.5
Mole % ‘
Fe,0 20.5 12.0 1.7 15.3

2°3
T°C 740 660 650 735
-log fo. 13.8°  16.8 16.9 14.4




* includes 0.52 Tho2 (Hildreth, pers. comm., 1976)

Table 10. Average microprobe analyses of allanite
| Bishop
| 74-16 74-19 75-22 Tuff
sio, 29.7 29.6 30.3 31.20
Ti0, 1.88 2.04 1.30 2.27
2r0,,. 0.02 0.03 0.02
AT,0, 10.8 10.5 13.6 10.93
Fe0 17.6 18.2 15.8 15.83
Mn0 1.80 1.83 0.57 0.46
Mg0 1.17 1.13 1.29 1.07
Ca0 10.1 10.2 11.5 9.59
Na,0 0.07 0.06 0.04 0.05
K0 0.06 0.04 0.04
Ce,0, 13.6 13.5 12.6 13.23
La,0, 10.2 10.1 6.94 7.58
Pr,0, 1.08 1.12 1.39 2.37
Nd,0, 1.56 1.64 3.78 3.53
Sm203 0.71 0.71 0.92 0.37
6d,0, 0.56 0.37 0.45
Y,0, 0.06 0.07 0.12 0.09
b0 0.01 tr -
F 0.32 0.32 0.15. 0.17
Sum 101.3 101.5 100.8. 99. 26
-0=F 0.13 0.13 0.06 0.07
Total 101.2 101.3 100.8 99.19*




Table 11. Average microprobe analyses of sphene

74-16 74-19
$i0, - 30.2 - 29.9
Tio, 34,2 35.8
Zr0, | 0.14 0.15
A1,0, 2.20 1.53
FeO 2.93 2.78
Mn 0.49 0.23
Ca0 24.5 24.8
Ba0 0.12 0.14
Sr0 | 0.06 0.04
 Ce,0, 1.13 159
La,0, 0.28 0.44
Pry0, 0.24 0.26
Nd,0, 0.52 0.75
Sm, 0, 0.13 0.27
Gd,0, L0010 0.06
V50, 0.89 0.75
Nb,0; 0.53 0.32
F 0.64 0.25
sum 99.21  100.06
~0=F_ 026 0.

Total 98,95 . 99.95




Geothermometry

Two mineral thermometers have been employed to determine the tem-
peratures of the magmas giving riSe to the volcanics of the Mineral
Range. These‘are the iron-titanium oxide thermometer and*oxygen barometer
of Buddington and Lindsley (1964) and the two feldspar thérmometers of
Stormer (1975). Tgmperafuresdetermined from these thermometers are
given in Table 12. Both.thermometers indicate that the magmatic tem-
peratures were about, or justvslightly less, than 700°C. For rocks of
this granitic combosition to have been almost totally Tiquid at these low

temperatures requires that the magma have a significant water content.

"~ Geobarometry

Magmatic water fugacities for several lavas may be calculated from
. . v

the following relationship:

- 7409 ) biot
]og fH20 =yt 4.25 + 1/2 log f02 + 3 log ¥ - ot
_ e
L biot fs spinel
+ Tog XOH - log qan log a+

Solution for four samples are‘given ih Table 13. If one assumes that
the fluid phase is so]ely.combbsed of H20 then equiva]ent water pressure
may be calculated along with equivalent lithostétic depths for those
pressures. These are shown as well in Table 13.> The depths of 1.6 km
suggest thatthere may have been several shallow magma chambers present

at one time. Thedepths on the order of 12 km are reasonable depths for




Mineral Equilibration Temperatures

ROCK

Stormer Feldspar Geothermometer

Iron-Titanium Oxides

- Groundmass Phenocrysts ‘
Temp Rim Temp Core Temp Temp Log fop
MR74-2| 770°C(I bar) —_ — S —
MR74-3 | 690°C (I bar) — — _740°C ~13.8
MR74-4| 690°C (I bar) — —
_ < blan | o | 630°C (IKbar) | o
MR74-16 | No gms. Plag. | 620 C (tbar) 690°C (5 Kbar) 660°C -16.8
] 710°Clibar) | 710°C (b 700°C (I Kbar) °
MR74-19| 710°C(lbar) _ (Ibar) 800°C (5K bar) 650°C -16.9
D 770°C (ibar 7350°C (1 Kbar) ° o
MR 75-22| No gms. Plag. C( ) 800°C (5 Kbor) | 7-35 C -14.4

Table 12




IGNEOUS ROCK BAROMETRY

Sample i, Pi, Ry, Depth (lithostatic)

(bars) (bars) (bars) - (Km)

T4-3 2240 3110 @ — BRIK:
~74-16 - 360 420 — .6
- T74-19 350 410 — 1.6
1 75-22 2450 3360 — - 12.8

- 75-30 —  — 2300 8.8

Table 13




the formation of the magmés by partial fusion of quartzo-feldspathic

material.

Physical properties of the magmas

Magma density and viscosity have been calculated for each sample,
and are given in the c0mphter print-out for each sample as a function
of temperature (Appendix 1). Liquid densities are about 2.35 gm/cm3 at

12

700°C, and viscosities (Newtonian)kare about 6 x 10 < poise at 700°C.
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Appendix

The appendix contains the complete chemical data on wet chemical rock
analyses and microprobe analyses of glasses together with a variety of sub-

sidiary petrographic calculations. These inc]ude:

1. CIPW Norm 1n terms of mole & weight %
2. Ternary systems in terms of normative components; mole & we1ght %.

a. Q-Ab-Or
b. Q-Ne-Kp
c. An-Ab-Or
d. A-F-M
3. Ratios; mole or atom & weight %.
a. An/Pl
b. En/Hy
c. Fa/ol
d. Na+K/Al
e. Fe+tMn/Fet+MntMg
f. Na O/Na O+K20
g. FeO/Fe0+Fe203

h. Differentiation 1ndex (Thornton and Tuttle, 1960).

4. Density of chemically equivalent 1iquid (Bott1nga and Weill, 1970).
5. Plagioclase thermometer (Kudo and Weill, 1970; Mathez, 1973).
6. Predicted crysta111zat1on temperatures for

a. olivine

- b. Ca-pyroxene after French (1968)

c. Plagioclase ,
7. Molar Volume (Bottinga and Weill, 1970)
8. Estimated heat capacity of equivalent liquid.
9.

Ln viscosity of liquid after method of Shaw (1972).
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e 768
U9g
7L

ATURAL LOOGAKRLITHE OF vISCOSITY OF LIQUID, AF

17.36

INTERCEPT

S 2.4085
el

OANS P
1200,
2,303
2.304

. '.)f) t
Y
Ce 8BS
LOUD

1200,
613
169
597

TEK SHAW

15452

H20. PRED AP
1300. 1400,
2.294 2,285
2.295 2.286
L4407 . 255
. 204 .167
231,121
020 . 008
1300, 1400.
202 . 099
100 . 055
JU55 0,137
(1972)
13.55 11,929

MG F FRAC

1. ay,
2 276
2.277

141
080
-~ 058
003

1 00,
0t44
.028
76

N.61




i TU=6

wl PCT
H510¢ 70451
H10¢ JUo
RO «OUu
AL2VUD L2429
Ch203 «UU
FlL2uo )
FEQ 01
MO «0bH
W10 W00
G0 0B
CAQ « b
5SRO »UU
HAQ «0U
A2 U 77
he Vel
P20L WUl
H20+ «Uo
503 . 0U
S JUU
cL U
F )

[OTAL 99.71

H20 Y953

I\ 91.69 Yl 74
750 tva 70
A B! 196

~OZFCL YY,.65

LRNAKY DLAGRAMS
WT PCT mOLPCT

34.D1 70,30
3 35.11  1bJbo
Vo3l e 8 14l 2

(JJI.‘),() ) 81o57
. 17.94 9,70
Lojues0 6,93

1e0Y 1.04%
5 4Y«TH  Bla.cgl
{ hQu.b 47,2

SPECIES LiPUT CATION  CoMP  INPUT

PCHT ERIROR MOLPCT
71480 LS00 82,35
04,00 05
«0U .00 0N
15,60 .00 Te8F
« N0 .10 <00
16 00 <09
40 .00 U6
«0u .05

y 00 - 00
11 <00 13

o )5 < 400 o 75
«00 « 00
U0 : w00
LelO "L 0N 3.94
LeSd .00 Jo6H 32
<01 « 00 » 00

' ) 22

.00 .00 .00
.00 4410

<00 « 00

00 51

00 00 . «00

(MA+K) /AL

(FL+MIO) / (FE+MI+MOT
HA20/ (NARO+K20)
FEO/ (FEO+FE203)
AN/PL

EN/HY

FA/OL

DIFHDX

PREDR XLIZ
OLIVINE
LA=PYX
PLAG

CP = 21.2

MOLAR VOL (CAL /R

TOENTLIFLCATION FIELD READS. .

DRY OX
MoLPCT

82.99
05

7 . "3()

« 09
s HO

13
76
« 00

390
Je6Y

wT PCT
110338
Y251
41.66
68.92

S 21.20

« 00

96435

TP
959,

106.)7 3
1183.

65

AR) =

VET OX
MOLPCT

2481

05

784

09

oqb )

« 00

15

75
«0U

MOLPCT
96,96

B33

52,04
83.13
2492
2012

.00
97.11

MIN=-
FRAL

Q
C
z
OoR
PL
(AD})
(AN)
L.C
NE
KP
HL
TH
AC
MS-
KS
WO
DI
(W0)
(EN)
(F%)
HyY
()
(FS)
oL
(FO)
(FA)
CS
MY
cM-
1L
FM
™
PF
RU
AP
FR
PY
cC

SALIC
FEMIC

- MOLE

PCHT

31,21

.00
.00
J] n()l

35.34

e 30

1.03
.00
.00
«00
.00
.00
.00
.00
.00
.UO
«85
42
11
31
U3
'll
32
.00
.00
.00
.00

24

.00
.08
00
.00
.00
.00
02
.22
«00
00

9n1.15
1.85

TOTAL 100,00

Wil HT
P NT

33,25
00
.n0
31.20

32 92

3l.20
1,02
.00
no
no
nn
00
.00
LNy
.NO
.00
.20
L4
10
37
N7
.10
o 37
NO
.NO
00
00
13
.00
11
, 00
.00
.00
.00
N2
31
no
00

97,37

-
2 15

99,52

.UZZHU + ( .2A496-04)T-D 6 K




EiiSTY OF SCULVALENT LIG, DRY ARD AT

LEG ¢ 700.  500.  9u0, 16U,
LhoweT <o Sy cedliu 231 2e302
t“ Ué\Y dobbl c.‘.cbua 20533 ?032“
VDO=wE ILL GEOTHERMOMETER
At DY <801 SU61L H18 o THY
AG «LK13 8738 L8463 .« T84 665
A L.KE 83y LBO2  L730 Wol7
AL Dy U402 © 220 132

319

EVISLLU huuO=wr Il GEOTHLRMOMETER

DEG C 700 . 600, ‘90, 1000,
l"\U U‘\Y 0(1“4\3 095(1 0592 0823
Wt «OKB  .719 692 L030  .5H36
WG 1.Kk3 852 <839 .02 .739

ATURAL LUGARLTHEN OF VISCOUSITY

19.67
Shes

LIv VISC =41018e¢30/T DEG K =12

DEHISLITY sLobe

Wil = 000091
ORY =.00009U

L4120
2ol 100

INTERCE

SHIVUN
1100,
Jed1d

24315

0():’)5
507
JUHHY
070

706
202

. 6“ “ ]

17,52

Pr

DARS P
1200

2.35u04

2.306

o 48
e300
eJ311
LU3d

1200.
128
«518

OF LIQUID, AFTER SitAW

15,49

H20. PRED AR KO [ FRAC

1300, 1100, 1400,
2.295% 2,286  2.277
2.297 2.289 2.280
.323  ,199  [107
233 124 _059
. 179 .091 L0U43
015 006 ,002
13000 1400. 1 nOa
« 156 LQ7Yy 032
075 041 .021
«176. » 103 .N56
(1972)




JoEATIFLICATION FLELD READS. ..

S

Th=13

SHECIEYS LNRPUT .CATION CuMP  INPUT DRY ON WET 0X
Wi PCT  PCRTY FRROR MOLPCT MOLPCT MOLPCI
s1oe 76,50  T1.80 L0000 82.41 83,05 82.75
T10e UG O 00 05 0 .05
(U L Ou LU .00 ) :
LR20J .0U 00 .00 AL
FEZO3 P 25 .00 W13 10 0 10
FEO .Ub oéb ' 000 0’41 o“l tq‘l
ML .UD oUb . 005 « 06 00:)
NI L 0u 00U w00
MGO L0U 11 ) o133 W13 13
LAO obb a()‘) Y e UO 07:) 07() o’b
SRO LOU 00 : U0 0V 00
A0 LOU .00 : SO0 .
tikeu G717 LeB7 00 3.94 3497 395
NSO Velu ©e21 200 3,560 3.5%9 Jeb?
205 W01 D1 .00 W00
H20+ 10 - 36 36
bz O~ WU
CL03 00U .00 00 00
4 LU L0aQ 44,11
CL LGy .00 0N
f e .00 Wbl
co? EVEY) 00 « 00 « U0
1OTAL YD 6YH ' '
=uzF,Ch 99.00
Hz20 Q.40
' . WT PCY MOLPCT
TERHNAKY ULAGRAMS - (NA4K) /AL 109.02 96,00
(FE4+MM) Z(FE+MIHNG). 92,78 8H.85
Wi PCT MOLPCT MAZOZ (HMARPQ+K20)  Hh2,.12 52,92
: : FELOZ(FLOFEL202)  ba.hu 7b5.76
3 .95 70.70 ARL/PL o0t S.81
}u 30ecU 19439 EMZHY  25.7%  31.31
DITY 310t 10091 FA/UL 000 : 000
X DIFHDX  96.09 96,92
¢ Luedl Blahd
i 1790 Y.70
P lo.l0 B.T7
PRED XLIZ TUMP
oL IVINE Yul.
i 2ol 2.04 CA=PYX 1070.
13 49,90 51.45 PLAG 1184,
K 47,94 4b,.51 ‘
\ cp = 21.265
ﬁ A1 .33 atl.u?
A MOLAR VOL(CAL/BAR) =
i) e 105)7

MIM-
ERAL .

0
o
zZ
" OR
PL
(A)
(AN)
LC
NE
KD
HL
TH
AC
NS
KS
wO
DI
(wo)
(FN)
(FS)
HY
(EM)
(FS)
oL
(FO)
(FA)
CS
MY
cM
1L
Hia
TH
. Pr
RU
AP
FR
PY
cC

SALIC
FEMIC

MOLE WEIGHT

PCNT

31.55

00
.00
31.04
35,70
S4.33
1.36
.00
.00
.00
-« 00
.00
« 00
.00
.00
00
. 76
. 38
W12
26
33
.10
2
.00
.00
.00
00
. 30
.00
» 08
<00
.00
« 00
.00
.02
S B3
«00
.00

98.28
1.72

TOTAL 100,00

PCNT

23,54
.00
+00

30,61

33,24

31.90

1.34
.00
Nno
no
ng
no
L 00
.00
_NY
.N0
Rl
.39
11
. 31
_36
.09
27
.Nu
N0
no
No
he
LN
.11
no
00
.00
0o
N2
25
00
0y

97.43
& ni

S99 4b

63287 4+ ( 26280-04)T DFG K



HSTIY OF FuUlVALLNT

bHARS 1 H2O0, PRED AR

LIw. DRY ARND AT H00U0.

Ll C TOU o G, Jule. 1U00. 110u. 1200. 1300,
the sl ] Ce3UY 24339 2.030 2.321 2e312 2,302 2.293
LRODKY T 24391 «e382 24333 2.324 2,315 2.300 2.298
ULO=wt ILL GEOTHLERMOMETER
s DRY 81 ESTEN 818 74N e6H335 JHBE e 333
N3 kg . “A/“ o il Y o T8N » ()UF) . 547 « 84 0(233
AL L oKy «H4U ) « 130 018 MGG 311 .179
AB MJoi\U JsHUL o:'.lq .2&0 0152 o070 -U.Sj 0015
LVISED KUDO=LEILL GEOTHERMOMETER

Lo C 700, 800. 930, 1000. 1100, 1200. 1300.
Ay DRY « 943 0930 393 H2U « 700 « D30 « 156
Ah oka . 072.U obg.’) 0(.)51 obj? a203 012& 007‘3
Ale.KJ 53 e OAY 0 1302 « 739 6BUY 918 1767
ATURAL LOGARLTHM OF VISCOSITY OF LIQUID, AFTER SiiAw (
L vaihl L9.0nh 24,72 2.0 19,70 17.20% 159,32 13;5
Liv VISHC Z41U79.0/T UEG R —-12.50619

PDLUSITY SLOPE INTERCEPT
wel  =.000091 2c.4111
LY =.000089 2131

MOLE FRAC

1400, 1500,
S 2.284 2 275
2,289 2 280
,199 107
.124 L0509
L001  _ou3
.006 02
1400, 1 nO.
070 032
L041 021
.103 . 056
1972)
5 11,99 10,01




SOENTLIFLCATION FLELD PEADS ...
rHy TU=10 ' '

SPECLES LHPUT CATION CoMP  INPUT DRY O0X WET OX MIN= MOLE wilgHT
wil PCT  PCHT ERROR. MOLPCT MOLPCT MOLPCT ERAL  PCNT -PENT

SIoe 76,00 71.26 C W00 BL.10 82.57  81.80 Q S 30,41 32 43
T102 W03 W02 .00 « 02 U2 o L02 C 45 il
RO . UU « 00 .00 «UN ' Z <00 n0
AL2U3  lzubt  13.90 .00 7.91 .05 7.98 OR 27,75 27 42
CR2UY .00 OU .00 W00 o PL 39,16 36,07
Feeud - .24 17 00 10 10 10U (A3) 38,81 36 13
FEU « 39 W31 .00 . .35 #3535 (AN) .34 3y
FMND U7 ) «06 » 06 06 «06 LC - .00 0o
110 UU .00 .00 _ : ME .00 00
MG 37 082 L 00 « 59 e 60 .59  KP - .00 .N0
CAD 4H 4H T LU0 e 51 52 .52 HL .00 .00
SRO LU L 00 : .00 ¢ 00 . 0U TH ) 0o
BAQ U0 U ) ' AC .00 N0
LA2Y 4.27 7.76 .00 h.4q2 450 Galou NS .00 00
heo Gl - ‘Josf) cOU 501’,) ] 302(: 3019 KS 000 oﬂo
2oy WUl .01 00 .00 WO 00 .NU
HeO4 b 93 « 93 DI .00 .00
H2O= UL : (w0) .00 .00
503 WU .00 .00 .00 , (E11) .00 .00
Y LU 00 4,07 (FSY .00 0o
CcL LOou .00 «00 HY 1.55 1.52
F o 00 0 .84 (D 1.03 ap
CoR2 UG « 0 .00 - «00 ) (F3S) .51 «H0
IOTAL 99462 : 0L .00 .00
~0=FCL 49,51 ' (FO) .00 .00
Hzo. 9Y,1Y . (FA) - .00 N0
WT PCT HMOLPCT cs .00 - 00
TERMARY ULAGRANMS . (NAHK) 70l 105.43 95,76 MT .25 35
CUFL AN ZGFEHMIAMG) T 18 S0.65 CM W00 .No
WT PCT oLPCT HAZO/Z GEA204K20) 47,92 538,531 IL .04 .06
' FEO/ (FLO+FE203) 61.90 78432 HM™ .00 nu
) 35479 69.L5 CAN/PL .93 .88 TH .00 no
B 37.04 17,70 : EM/ZHY 60462 66,92  PF U0 no
W 28457 12.69 : FA/OL «OU N0 U .00 - no
‘ DIFNDX 99,98 96,97 AP W02 02
: _ _ FR 37" .51
|' 0»5.»5./ 01008 - : ' ) pY cOO 00
. 20439 11.04 . o _ : - CC .00 .00
|P 1()0'(_‘6 : 7.{59 . . v ‘
: PRED XL1Z TEMP SALIC 97.77 96,73
OLIVINE 986, : FEMIC 2.23. 2 46
G HoeHY 53.01 o PLAG 1185, TOTAL 100.00 99.19
R 42.92 41.47 : '
cP = 21.238

A d9.91 88,00 ; .
F o Ledo 5. 16 MOLAR VOL(CAL/DAR)Y = 03118 + ( .26036-04)T DEG K
™ .jo7é (").d‘# :




_— ver m v b ~r R R X S S - & 3 g IRERN] IZX I Y RV NGRS Y 1 L.fyivy 1o LIS W Y LI I A L N A S e AR AV I A W
Llll /'JL'..] ('_.3‘4‘4 Ll.'c:)\)l‘ E'.J?;‘fj 20\51(‘ 2.3“7 2-297 Po&“ﬂ 7.279 2-:”()()
EH DY 260302 20343 2.534 2,325 2.31b 2.308 2.299 2.290 2.281

ULO=wE [LL GEOTHERMOML TER .

AL DRY el LY00 L ,TA L33 T3, 604 J3 28y 160
At « DRB «917 396 53 o 178 s 659 + 499 « 326 018‘“ N9
A 1oKB o093 WHH T Wul2 721 585 «H19 .258 «138 066
Al LoKG o519 L4240 L5110 L1950 L1070 -,0%2 .023  L010 L,004

EVISED hULO=wLILL GEOTHERNOMETER

LEG C 70U. BU0 Y0, 1000. 1100, 1200. 1300. 1400. 1500,
Ay DY dUOT . L 955 « 930 . 882 793 J6h8 U455 113 051
A5 «OKEB <804 T8I T2 U9 «53H  .190 S110 063 033
/\U loV\U 0905 o“qb 0367 .81(_) .7[}\5 .6.52 ’ o"g?. 015:3 -087

ATURAL LOGARLITHM OF VISCUSITY OF LIQUID, AFTER SiiAW (1972)

LIl VISC 29050 &5.60° 22417 19.8% 17.12 15,11 13.36 11.81 10,44

Lt VISC Z400680010/T DEG K =12.5020

ULKNSITY SLoPt INTERCEPT

WLl =e000099 240083
URY - =.0U0088 24136




MOLPCT

BZ.3Y
« DU

O.24
15
.28
04
29
« 30
- 00

3 n-()b
Ja60

1.01

WT PCT MOLPCT

B7.84
68405
50.35
0,49
69, 70
» U0

T 96415

LUFLTIFICATION FLIELD RPEALS . e
MR 74-16
SFECEES LHPUT CATION COMP  INPUT DRY OX WET OX
WT PCT  PCIWT ERROR MOLPCT MOLPCT
510 7o Tl.0H 00 82.3% 83.19
110@ ' .Ub 00“ oUU n()ll; .0‘4
ZRO Uy <00 .00 +00
AL2US 12496 144308 L00 0 8.24 Be35
CLR203 U e 00 0N .00
FE203 Y e 20 .00 15 o1
FEO «31 24 .00 28 28
MO - U4 .03 N <04
IO .00 .00 .00 :
FGU 18 o 2H LU0 e 29 .29
CAO o1 31 0D « 36 ¢ 30
SRO Uy .00 ' N 00
bhAO OO <00 _ .00
HAZU 3oty Lo 30 00 3465 3068
ke Held Ge27 «0U 3.60 3.63
}1205 .Ul oUl QU() 000
H20 20 1.01
S03 0U .00 .00 » 00
) LUU L 00 hel6
L LU0 L0 - (1N
B . 0uU -.00 . 01
cua sUU .00 <00 00
TuTAL Y, 706
-0=FCL 49,70
Heo U9, 58
ERUDARY DIAGRAMS (MHA+K) ZALL. 100469
(FEAMIY) Z(FEMMIAMG)  BSL.02
Wl PCT “oLpPCT HAZO/ (LA20+4K20) 40,02
\ FEOZ(FLO+FL203) 45,59
) 3oe72  T2e50 AMZPL 4.7%
30,92 13,95 ENZHY 63471
M S2edb 13475 FA/ZQL «00
: . CDIFHUX 95451
) Olhesth 82417
I lu.7b 6.98
P 1339 8.85 .
PRED XLIZ TEMP
OLIVIME 948,
M cedt 2.1 CA-PYX. 1u72,
W 47.70 49,19 PLAG 1209,
IR BY .9 403.50 - .
P = 21.2582
A 9l.02 90,97 ,
lF 7.10  9.59 MOLAKR VOL(CAL/LAR) =

<

P 1.88

3'()3

MIN=

ERAL

Q
C
z
OR
PL
(AE)
(AN)
LC
ME
KP
HIL
TH
AC
S
KS
WO
DI
(W0)
(e
(FS)

HY

(Eil)
(FS)
oL
(FO)
(FA)
cs
MT
CM
IL
HiM
T

PF

RU
AP
FR
PY
cc

SALIC
FEMIC

38.97
1.15
.00
31.36
33.31

31.81

1.50
+00
.00
.00
.00
.00
.00
.00
W00
.00
.00
.00
.00
U0
72
.90

22

.00
.00
.00
.00
« 39
.()O
.07
.00
.00
00
.00
02

00

.00
+U0

9R,79
1.21

TOTAL 100,00

- MOLE WEIGHT
PCNT

PCNT

3H.07
1.04
.00
5091
31,00
29.53
l.47
.00
00
.00
.00
.n(_]

« N0
.no
InO

. 0U

, 00
.00

. N0

. NU
w70
U5
«6
.NU
.00
.N0
N0

« 54
.00
N9
.OU
.00
.00
.NU
02
.00
.0Uu
ln()

99.38

63590 + ( .25833-04)T DEG K




bRY =.000087

2
244095

REOTTY Gr EUULVALLHT Liw, DRY AD AT S00. FARS B H20.

Uty C 700, BU . guU, 1000. 1100. 1200. 1300, 1100

L“ V|L1 _1;0‘5:“.) ¢.'o:)2h 2'\)17 ?Qn‘)Uq 2.?99 2.&‘)0 ?0281 . ’.’027?
LN DRY o389 2.540 2.331 2322 2.314 2.30% 2.296 2.288
ULO=iE LLL GEUTHLERMOMETER _
Als DRY «Q5Y 927,902 «85HY T70 «OH0 QR . 330
Al s RSN De! Y17 e 83831 JU16 « 70 . 554 e 376 1B
AlY 1 .K1 «916 LA UG e 106 eHU0 74 $ 302 _ 1606
A'} b.Kl} -b()" oq'().l OQ()S o;_:?)r) ol\.})l oof)q’ 0020 .()1?
EVISED RUDO=wEILL GEOTHERMOMETER

Ut C 700, Uo0. 900, 1000, 1100. 1200. 1300, 1100,
AL DRY 974 s UH5H LG4 Y <904 JA20 $ 597 .509 136
AL o HKE  JBUZ 23 777 701 «591 454 .138 L077
Al LoKB s923 c91H « 92 851  7THU cOB2 «5U6 . 185
ATURAL LUGARITHE: OF VISCOSITY OF LIQUID, AFTER SHAV (1972)
Lty VESC 009 2011 22.81 20.02 17.64 1.9 13.79 12,2
Lii Vionl Z4l1bsle7u/T LECG K =~12.6273

PDLESTTY S5LOPE INTERCEPT
W L. T ~ e U ¥} U U ()1. . 30 (_“-"

1

24263
2.279

.101
w111
.NB1
«005

0062
. 040
«105

10.81

PRED AT NOLE FRA




FOEGTEFLICATION FIELD READS ...
|“|}< i‘*—l"}

SPECIES IWPUT CATION  CuMP  TMPUT DRY OX WET OX  MIN= MOLE WUIGHT
Wl PCT  PCLT ERROR MOLPCT MOLPCT MOLPCT ERAL PCHNT PCNT

S102 Tee87 ThLe2 00 . 73.40 82.69 73,99 Q 33.21 351.90
11ue LUy $03 .00 - o03 N <03 C 1.11 .9
LRV U0 e 00 00 SO0 z .00 00
TAL2ULYS 12W.4b 0 L. 3o .00 7.40 0 B.33  7.40  OR 31.13 29,49
CR2UA JUu .00 <00 <00 PL 30,83 51,10
FL2u3 W19 o 14 .00 07 .08 U7 (AB) 34,51 30,80
FEO ue W34 .00 .35 40 W36 (AN) 0 L32 .30
e U7 06 <06 - .07 006 LC W00 .NU
hilo L 0u <00 .00 NE- .60 .00
NGO W17 35 L0 e 26 .29 26 KPP .00 7,00
CAO JHU 2T ,00 43 ) 4y HL T ,00 - ,00
SRO Uu «0U .00 .00 «0U TH .00 .N0
tAO JUU CL 00 «00 AC .00 .00
A2 RO Lo QN 00 .6 4,00 358 NS .00 .00
k0 49y Vel .00 3¢21° 3.0l 3.2 KS 00 .00
205 .0u <00 .00 <00 . VO +00 .00
H20+ Sell 1045 -~ 10.53 . DI + 00 0o
H20=- o BY {wo) .00 400
503 ~Uu .00 00 .00 C(EN) 200 00
S RTTUR W00 hell (FS) .00 00
L VTR LO0D L 00 - HY ~ 1,10 110
F 25 : ' LU0 W73 ' (EM) .50 ug
TOTAL Y9 48 : o : oL .00 .00
~0ZFCL 99,50 ' (FO) .00 00
Heo 95,38 ' (FA) 000 .00
o WwT PCT MOLPCT cS .00 .NO
ERNARY UDLIAGRAMS (NA+K) /AL 1035.76 91.40 MT 21 .28
S (FE4RN) Z (FE+MMN+MG)  B3e36 68,60 M .00 .N0
wl PCT mOLPCT MAZO/Z GIAR0+K20) 42,18 52.58 IL 06 .08
: FEG/(FLO+FE203)  6deR5  #3.09 HM .00 00
S4ebl  TO.39 AN/PL 97 .91 TN .00 ‘no
B 3%.41 15.57 \ EMZIHY 38445 45,06 PF L00 0o
W 31.98 14,04 _ FA/0L <00 .00 RU 000 .Nu
: DIFNUX 92.19 96.085 AP .00 <00
' . FR .36 U7
L 18.10 9.78 , : . : cc .00 00
Fol8.16 B.82 o , o S o
- PRED AL1Z TEMP: SALIC 9n,28 93 ub
- OLIVINE - 930, FEMIC 1.72 1 93
N «HU 48 -~ CA-PYX - 1100. -
B DU.BY  H2.32 PLAG 1249,  TOTAL 100,00 95.38
R 48.07 47.19 ' -
CP = 21.266

Yl.71 9U. LY
e bl HeT2 MOLAR VOL(CAL/ZUDAR) = 63383 + ( .26405-04)T 0,6 K
Losl  3.u3 '

TS




i1 1Y CF EGUIVALLNY Llw, OMY AND AT 5000
L‘t(J (.o —,v()(-'). ")U”' ‘)'H) . 10UU¢ I.JUUJ
’)t“ UHY d.jb(.). Zqus 20.’)?)“ 2.\525 2.510
ULO~wi ILL GLOTHLRMOMETER
LAl DY s027 0 L01y wB2 W82 L T73Y
(AL WLRG e92e U011 RBI AN e OO
:'-['\L.‘ l"[\l) quU oé'?«? '0(318 ol27 .591
TAU :Joi\t,j 05;5:) 0’4“1 05{‘0 0200 0109
WVISLD KUoO=9L Ll GLOTHERMOMETER
| LkG € 7ou.  800.  Yu0. 1000. 1100,
(At DY ¢ UbY , 957 933 LUBY « 797
LAL «DKG 814 722 740 657 5G]
AL Tokd o908 L0908 871 824 JT7u?
A TURAL LOGARLTIHI OF VISCOSITY OF L1AUIL,
L'l \/l“)(, ll‘)o()(} L,.‘“Q?‘_) 'cf":oIL() L).?S 17.\)
Lic VI5%C Z41124,69/T UG n =l2.50667
DLELITY S SLOPL INTERCEPT
WL =l 0uulay 243100
DY =.00uldY Z.1u2

. CARS P OH20, PREN AY
1200 1300. 1000
2.188 2.175 2,161
2.307 2.298 2.289

608 LJU46 . 286
D05 « 329 . 185
N23 L2000 L 139
L0053 L02u L,01n
1200. 1300. 1400,
. .()52 quB o.l.l“
. 193 115 L0608
L630 L0195 L156
AMNETLR SiialW (1972)

MO B EFRAC
1 nn,

S U8
c.280
161
.N9Y
ne67
004

1__”0.‘
.051
.033
087

11 ﬂ.h:




)

1

Q
!A L
Ol

NE
K

Al
AL
OoR

A

i

iy

PECLED
v

510¢
110
EROL
AL2UD
CR20S
Fel0d
FEO
MO
lQ
MOV
CAQ
S
LAG
IA20
neo
P20Y
He O+
H2U=
503

)

CL

f.

Coe
uTAL

H20

LBV IFICATICH B AELD READS. ..

Th=29

IHPUT CATION cuMpP ThIPUT

T PC1

(7.5
JUD
U0

1.2
U0
W17
T4
02
«0U
.U
Y
Uu
«UU

Jelu
[Ty
+UL
SUL
QU“
«UJU
s JU
sUU
LUl
99,34

-0z, CL Yy, 39

99,00

TLICHARY DIAGRAMS

wl PCT oLiPCT
Deirtl T ,L06
Su.2U0 14.UbH
Ju.2l 12.30
Huedth  Bl.18
loe 30 Haetb
17.17 d.10
vebb J.0h
I*t)ol.] "()QUE)
el HOLT79
9] .69 91.24
. 7'.’.)1 DO(J\‘
letil 2.12

.,v‘ . 1(3 . ‘)0 ﬂéo”,’
N « 01 o (U
«Ju .00 .00

15404 .00 Te79
«NU L 00 00
12 00 07
. 38 U0 43
.02 02
00 .00
ol“ .UU 01()
e L0 01
o U « J0
« 00 U0

Gelld .00 3457
SEEALS «UU JedH
» U0 .00 U0
18

U .00 00
.00 he,27

.00 « 00

U8 .00

. 0U 00 00

(Hn+i0) /AL
(FLHAD) Z CFEAMN+MO)
HAZD/ LHAPO+KED)
Fto/ (FLO+FER0S)
AR/PL

EN/RY

FA/ZOL

DIFKHUX

DRY ©x

PCHT LRROR MOLPCT MOLPCT

34,42
Ul

78U

07
3
02

olt)
o5l
«0U

e H7
37

L O O

w7 PCT
101.591
849,34
41.11
THe8Y
7.05
Zb . 37
.00

9% .27

PRED XLT1Z TEMP

VLIV INE
CA=PYX
PLAG

Cr = 2l.2

().,)2 .
1073,
1194,

19

MOLAK VOL (CAL/DAR) =

WwET OX
MOLPCT

83.87
« U4

7479

07
43

.0

01(1
.?.).l
«0U

MOLPCT
38,90
78.56
51.48
B6.20

b-b?
32.00

U
Q6. 05

MIN=-

ERAL

0
C
z
OR
PL
(AB)
(AL
LC
HE
KF‘;
He
TH
AC
NS
KS
WO
DI
(W0)
()
(F5)
HY
(Ei)
(FS)
oL
(FO)
(FA)
5
T
CH
IL
Hp
™
PF
RS
AP
FR
PY
cc

SALIC
FrMIcC

TOTAL

MOLE WEIAHT

PCNT

35.60
«H2
.00

29,32

33,33

31.11

2e22
.00
.00
.00
.00
00
.00
.00
.00
OOO
.00
.OO
.00
U0
0{%8
28
e60
.0()
<00
.00
.00
.18
.00
.07
00
<00
U0
.00
.00
.00
.UO
«00

98,087
1.13

100,00

PCNT

37 72
56

00

26 78
30 ay
28.77
2.18
.0
.N0
.00
.N0
no

no

no

0o

no

00

00

00

00

Ly

25

70

no

00

0o
No
25
.No
0Y
.00
.N0
.00
.00
.00
.00
no

no

93,01
1.29

99,30

( L24757=-041)T U 6 K




DENSITY OF RQUIVALLHT LIa. DRY AU nT 500,
‘“l' Lk C T0U . SO0 9y, 1000, Lion.

DEI WET  2a3Bs 20335 2.5206 20318 24309

Ftu DRY 2438 2,337 2.329 2.320 2.312

KUDO=w b LLL GEOTHEKITOMLTER

XA ORY P90 3 O 7 esD] « 117 e O L)
XA «LKY < 8BY0 LN el 735 607
XAL L KU  .8u7 W30 774 OTA G951
XA S.KEB a5 371 « 203 162 037

REVISLD RuLO=-wEILL GEOTHLMOMETER

T LEG C 700. s, 900. 1000. 1100,
XA UR* 0\)50 .()L}j 0913 08?3(,‘) .75‘4
XI\U ob’\“ '701._‘ 07;‘)(; OIJHLI' . 0596 ' U779
XA 1oyl 0“7{3 « 364 0357 ./H5 . OY8

Liv VISC  JS0.00  2e.L6 23.21 20,39 17,99
Lid VISC 24210240077 BDEG X =12.7243
LS Ly SLOPE INTERCEM

wit T -.()UUL)*}:) 20‘+024-
LY -, 0UHO84 24002

DARS P
1200p.
2.301
2.304

o061
s YD
0w SGT
« 042

1200,
97
nls)g
« D80

NATURAL LOGARLITHEM OF VILHLUSITY OF LTIGUID, AFTLR SiHAW

1H.90

H20. PRED AR

1300, 1000,
2.292 2,284
2.295 2.287
281 154
0219 115
019 .008
1300. 1400,
0192 00n
094 .052
22U «130
(1972)
14,08 12,47

M0 FE FRAC
1gno.
2.275
2.278

134
N76
NH5
nNoN3

1 00,
N4l
nz27
nr2

1.05




TLENTIFLICATTION FLELD READS ...
M=T75=164 GLASYL
SIPECLES IHNPUT CATION COoMP  INPUT DRY X WET 0OX MIN- MOLE WEIGHT
Wl PCT  PCKWNT ERROR MOLPCT MOLPCT MOLPCT ERAL PCHT PCHT
SI10e Toa0U 7186 00 82.2H Bl.21 B5.21 Q 31.97 Jh.03
110,(, . QU/ o(]t) .UU OU() OUU o()t) C 07() o.F)B
cROZ L Uu « 00 00 « 00 Z .00 N0
AL20V3  lcos0l 18495 LU0 798 6086 B.008 OoRr 27.44  27.06
CR20U3 LU0 o OU .00 .00 Pi 38,52 45,79
FE203 .19 13 .00 <08 U8 SO (AR)Y  38.52  3H.79
FEO GTH) 28 .00 « D2 « 33 33 (AN) .00 .00
MNO o1l «09 «10 10 «10 LC .00 «00
NIO JUU .00 U0 NE .00 .00
MGO « Ul . 06 +00 06 <00 « 00 KH 00 200
CAU e 5d o 34 < W00 Yy o 4} U4 HL .00 N0
50 S UU N0 W00 U0 «Uu TH NV .00
LAO v .00 <00 AC .00 .00
LA2U o220 170 .00 a1 4440 4,406 M5 .00 «NU
K20 GOl 5.49 « U0 dely Jald 3.186 198} <00 .00
P20bH U0 «00 .00 « 00 ‘ WO .00 .00
H204 U 00 .00 DI .00 N0
H20= LU0 {(WwO) .00 00
) LU0 .00 4.1% (FS) 00 .00
L sUL «00 .00 HY 62 «HY
F o 34 25 1.16 (E1D .11 .10
Coe «UU «0U LO0 « 00 _ (F%) « 51 « 59
TOTAL Q.4 oL .00 .00
-U:FICL ()9.20 (FO) 000 000
HEeo YY,.du (FA) .00 .00
WT PCYT MOLPCT CS .00 N0
TERMARY DIAGKAMS (MA+K) /AL 104,07 94,57 MT .20 .28
(FLHMU) Z(FE+MNAMG) 95,38 90,01 CM .00 .00
wT PCT MOLPCT HAZOQ/ (NA20+4K20) 48,01 586.40 IL .10 13
FLO/Z(FEO+FERGI)  6H.45 60,81 HM .00 LNU
P 3515 70.79 ANZPL « (00 L0 ™ 00 .NO
pb S eIy 17.06 EN/ZHY 14,38 18.08 PFE .00 00
DK 27.93 12.19 FA/ZOL 00 .00 U .00 .00
: DIFNDX 96.89 97.94 AR 00 . .00
Fi e 38 53
o OU.11l 8Bl.50 ' PY .00 <00
NE 20.U1 10,77 . cC .00 .00
1L .u7 Teb7

PRED KLEZ2Z TEMP SALIC 98,70 97.58
OLIVINE 9493, FEMIC 1.30 1.63

Al .00 «UU CA=PYX 1078,
AB  50.94 S8.40 PLAG 1180. TOTAL 100.00 99,21

OR 45,00 41.600 ‘
Cp = 2l.242

A Yol l2 94.20
Fooov.8Y 5. 00 MOLAR VOL(CAL/BAR) = 463347 + ( .25L20-08)T DEG K
[‘l .43 .bU




DENSITY OF EWUIVALLUT LIG. ORY AWD AT S00U. BARS P 120 PREND AR MO F FRAC
h UEG € 700.  Lu0e Y0, 1000. 1100. 1200. 1300, 1400, 1s00.
DEH WLT 24385 2,356 2,327 2,318 2.309 2,300 2.291 2,282 2.273
DEM DY 2o349 2,340 2.332 2.323  2.314  2.305 2.2906 2.287 2.278

KubLO=vL il GEOTHERMOMETEK

XA DY 927 L2140 UUY U352 o 746 618 158 . 297 . 169
XAL o ORiI3 s 9d¢ 002 «L01 789 e H735 D1l « 340 «193 . 097
XAL L kB 90y 74 022 N 600 L U434 270 185 .N70
XA Yehe o530 o HUD B Y248 200 o113 Y] 025 .010 004

REVISLD KUUO=vi ILL GEOTHERMOMLTER

T LEG C Tul. H00 . up0, 1000. 1100. 1200. 1300, 1400. 100,
XAL DKY ¢ 96HY 958 934 888 B03 L6022 L470 1190 .N53
Xhis «5K3 815 « 794 TUS . OOY « 550 200 120 067 .035
XAL 1.KD3 +QUY 99 7Y 528 c7HY «HLE6 <507 163 .092

NATURAL LOGARLTHNM OF VISCOSITY OF LIGUID, AFTER SHAW (1972)

L VISHC 29403 2benl 22436 19,62 17,25 15.25 13.48 11,93 10.55
L VIOGC =40944.00/T LEG K ~-12.95416

DLISLTY SLOPL THTERCEPT
Wil = 00U090 2 l0pi
LRy = 000088 zeli111




T

}‘

S

t

-G

AL
OoR

NE
Kp

AN
Al
OR

——
v

M
1o
MG
CAQ
SRKO
LAV
HAZ2U
Keo
P205
HeO+
HeG=
503

I

SPECIES

W

510¢

10¢

£KkGe

/.\LZL):’
Cheud
FE2Ud

Lo
V]

cL

coue
TOTAL
ZF.CL
H20

Wr PCT

350“&)
37.97
28499

LI, 1Y
2«07
lu.24

Leltl
DL o2
Beedd

9o.lU
e UU
832

Ltk LF
79-19

iUl C
T PCIH

TGO
L]
«Uu

12457
sUU
o1
.1U
» WU
o U3
Y
SU
«UU

4430
Lb.(’)\}
e
«do
«0it
JUL
» UL
cUU
QUU
«0U

Y940l

YI,.HU

Y3.24

TERNARY DLIAGHAMS

MOLICT

6L.22
1£.00
lea77

BU95
11.1H
7.91

1.%0
57.70
40.93

Ol . 44
.99
1.0

YoaTlon FLlELD READRS, ..

ATION Cul  THPUT DRY OX WET OX

PCiT
T1Le9H7 SJU0 R
02 0N
cU0 .00
15.87 00
L0 LU0
.2() .00
10 .00
« 04
« U
11 00
RS 400
. N0
N
790 0
DeHY .00
e « U0
« 00 »00
<00
.00
-. 00
« 00 .00
(FA4K)

(FE+MM) /7 (FE+MNY
HAZO/Z GiAZ0 +K
FEO/ZUFLOFE?

AM
En
FA
DIF

PRED
CLIVIN
CA-PYX
PLAG

2ehHA
02
00
He0D
«UU
17
016
+ 05
00
13
91
00
00
he55
3.23
«01
65

00
4e.11
o U0
<00
«(0

"
/AL 1
MG)
20)
03)
/Pl
/ey
/0L
HDX

xL1z
£

ERiKOR MOLPCT MOLPCT

83.07
» 0c

8001.)

17
. l ()
. 05

o135
b
+UU

4450
Je2H

T PCT
07.03
90.61
haele
2‘““

.00

« 00
96« IH

TEMP

976.
1079,
1182,

MOLAR VOL (CAL/GAR) =

MOLPCT

82.54
U2

He00

17
+16
05

MOLPCT
97.31
f0.79
S56.50
ha, 5()

2e31
00
00
97.84

MIN=-
ERAL

N

C

Z

OR

Pi.
(AR})
(AN

LC

NE
KP
i
TH
AC
45
KS
WO
DI
(v0)
(Eh)
{(FS)
HY
(1)
(FS)
oL
(FO)
(FA)
CsS
T
- CM
IL
Hi
TH
r)':
RU
AP
FR
PY
cC

saLlC
FEMIC

MOLE WEIGHT

PCNT

50436
N5
.00

28,00

Go.41

39,48
293
.00
.00
.00
.00
.00
.00
.OO
.00
o 20
.51

25

22
U3
00
.00
« 00
.00
.UO
.00
.00
JU3
.00
Ol
.00
.00
.00
.00
o4
.00
.00
+00

ya,ae
1.23

TOTAL 100,45

PCNT

32,43
L1
.No

27.71

37.73

36.81
.92

- .00
.00
N0
QU
.NO
.00
.N0
.00
.21
.50
.26
.20
.04
.00
.00 .
.NO
.00
.NOo
.NO
.00
.99
.00
06
.00
N0
.00
.00
.0b
.00
.00
.00

9,28
1.41

29.69

O304 ¢ s2BYe2-0mT UFG K




DERSITY O EQUIVALEET LIG, DRY AL AT S000. SARS P 120, PREN AR HCLE FRAC
rUks U Zuu. BLO. 900, 1000, 1100.  1200. 1300. 1400. 1500,
DLIN vyl o380 2,331 2.522 2,313 2,304 2,295 2,286 2.277 2.26b6
DEH DRY  coB80 20337 2,529 2,320 2,311 2.302 2.29% 2.285 2.276

KUbDO=wEILL GLOTHERMOMETLER

XA URY 924 <4910 ~U80 326 729 010 JU451 .221 1605
XAE W O3 «9le o 14213 s 006 182 6HD 2 D006 333 168 . 094
XALL 1KY <890 S 316 126 OO JU20 «2€4 182 L0606
XAL DJKY oH23 IS «JSl6 199 <109 <54 024 010 004

RLVISLD WUDO=wiEILL GEOUTHLRMOMETER

T LEG C /00, SO 900, 10U0. 1100, 1200. 1300, 1400. 1500.
XAB DY e 967 « 950 931 884 « 797 G54 462 116 0562
XAU -‘JKU OBU/ 078() 073() .65‘3 -5“1 5195 0117 0065 .05“
XALs 1.K3  «9U4 o 895 69 «B23 o 748 639 14909 .159 .N89Y

NATURAL LOOARLTHM OF VISCUSITY CF LIQUID, AFTER SpiAw (1972)

Lit VISC 29,08 <L Th 22.48 19,72 17,37 1b,34 13.57 12,00 10.62
LIv ViSC =411001474/T 0iZ6 K =12.5668

DLISITY SLOPL INTERCERT
Wl =.000090 2 4036

LRY  =.000087 £ottT3




AR

SPECILS
W

510z
1108
(KOe
AL20S
CrR20US
FLeGd
FEO
MNO
110
MGO
CAO
SO
BAO
AU
Kgv
205
H2U+
120~
LI

¢
-2

(N

’V.

co2
TOTAL 1
=UzFCL
Heo

TERMAKY U

AT PCT

W 34.29
Al’ :J&.)oU?
O"e ("_’t.‘cl")u
o 0L.10
Nk,  2u.6&
KPP 10.208
AN «UU
OR 40934
A 9cel8
" : (,\oUU

M Lell

LOEMIIFLCATION FLELD REAUDS <.

(5=2U

LpPur C
I pPCI

Toub
.Uy
+Uu

12.79
» Ul
o Wt
.2()
LUY
UV
ol
TR
s UU
.00

I} o 5Y
o l3
VN
«1u
«Uu
SUB
LOuU
JUU
o3
«Uu

uud, 02

‘9. 80

99,70

INAGIkAMS
HOLPCT

‘39007
18.10
12.63

80.89
11.18
193

«00
H8 .52
4l.408

95.16
4ebh
<elY

ATION
HONT

71.29
.(1-5
» 00
lda.06
« QU
21
2

04

N0 .

17
o 14U
« 00
« 0
104
He63

02

« 30

« (0

ComMpP
ERKOR

0N Bl1.60
uﬂU 03
U0 .00
«UU H.05
« U0 00
Q0 «12
.00 26

05

00
<00 19
<0 Uh

« 00

01N
« U0 4 .54
«00 3.2
+ 00 01
<00 «00
.00 410
0N «00
2 l.11
LU0 00

(HA+K) /AL

(FEAMID Z FEMMANMO)
HAZO/Z GHA204K20)
FEO/Z (FEO+FE203)

AN/EL
EM/HY
FA/UL
DIFNUX

PRED ALLZ
OLIVINE
CA-PYX
PLAG

cp = cl.?

82.83
00

Bae17

IHPUT DRY OX WLET OX
MOLPCT MOLPCT MOLPCT

82.53
03
Hellh
12

« 206
« 05

1Y
o“()
.00
4459
5026)

30

WT PCT MOLPCT

106.12
[3()075
48.14
49.1%

.00
48.96
« 00
97.59

TLmp
973.
1078.

1184,

54

MOLAK VOL(CAL/RAR) =

A0 Y
TH,06
58,02
68,24

.0U
55.76

LU0
98,11

MIN=
ERAL

Q
C
z
OR
PL
(AB)
(AN)
LC
NE
K
HL.
TH
AC
HS
KS
WO
DI
vi0)
(EN)
(FS)
HY
(e
(FS)
oL
(FQO)
(FA)
CS
MT
cM
IL
HI
TN
PF
RU
AP
FR
PY
CC

SAL1C
FEMIC

MOLE WELIGHT

PCNT

3N¢30
42
.00
20413
59.69
3969
+QQ
«00
«00
« 00
.UU
00
.00
«00
.00
.00
+00
.00
.00
o 00
.60
033

26

OUO

.00
.00
000
0«32
00
06
00
«00
o 00
IOO
00()
036
.00
«00

93.061
1.39

T TOTAL 100.00

(G331 4

PcHT

32,49
L5
no
27.9%
3715
37.15
.00
.00
.00
.00
.N0
N0
.00
.ou
.00
.00
.00
.00
.00
,No
61
.30
.31
.00
,N0
00

no

43

nag

ng
.00
00
.00
no
.07
.50
0o

0o

Ay L,03
1,69

99 73

( +26093-01)T 1 6

K




DEMSITY OF cGULIVALLHMT LIG, DkY AND AT

T Lo C TOU. BUG G0, 1000
ULN WL_] /.O:j“:) ¢_’0\>.')b 20‘527 ?os!llq
DERN DY 26388 2.339 2.331 2.322

KUBO-wL liLlh. GLOUTHERMOWELTER

XA DY 93 L9210 593 RESTTIN
XAH oI 924 $ 909 071 L8002
XAL LoKk13 907 L HR3 830 749
XAL S.EB o550 RTTENS) a3 210

REV1SLL KUDO=wiifLi. GEOTHERMOMETER

T LEG C 700, 00 . 940, 1000,
XAL DY 971 U561 «239 896
XA «LKl3 827 s 07 o 701 s O82
XA 1l.KH  +91) 900 e B3 840

NATURAL LCGARITHM OF VISCOSITY OF LIQUIN, AFTER SiAW

Liv VI&C SO HT 2Hetuh 2239 19,565 l7oZ)U
Ll VISC =4098Y.92/T UEG K =12.54485
DENSITY SLOFE INTERCEPRT

wk.T  =.000090 2.4078
UKY  =.000088 2.4008

!)OUU .

11u0.
26309
24313

. ?(A)l
«6H U1
620

122

1100.
«816
«O71
770

BARS P P20,

1200,
243500
2.304

Y1)
D39
. 4 ‘.)‘-#
«U60

1200,
080
218

] b()t)

15.26

PRED AR
1300 1100.
2291 2.282
2.295 2.28h

L4709 315
« 359 ecfIh
287 «15A
027 011
1300, 1400.
421 «128
« 130 072
528 « 175
(1972)
13.51 11.05

MOILE FRAC
1500,
2.273
2.276

181
104
076
noS

1sng.
.058 -
.038
.N99

1n.57




SPECLLS inPUT

i

MR

vi

5102
Ti0
ZROZ
2023
Ch203
FLevd
FLO
MO
NIO
MGO
CAO
oRO
LAO
HA2Y
hNau
205
H20+
120-
NION]

S

cL

f.'

L2
uTAL
CzF,CL
120

LLEHTLIFICATION FLIELD PEALS,. ..

15=-2¢

C
T PCT

1597
«lU
U0

12 .89
. U0
e 20
Y
«Ue
«UU
W17
Ul
U0
«UU

JJHuU
D.ely
«UU
293
o
00U
«UU
+UU
SUU
U0

49,00

PRI TP

Y9,37

TERKRARY LLAGRANMS

Q
Alj
Ol

NE
KP

Al
A
OR

WT PCT
Sved2
20«82
2280

6403
on7U
lbeu7?

7.00
44,99
47.96

U011
TeDy

1e7%

MOLPCT

71.95
13.99
14,05

ATION
PCHT

Tl.48
U0
1ie 50
<00
18
030
N2
OUO
ec i}
Q()L)
«QU
.00
0020
Le23
« 00

.00

« 04

C
LR

DRY ©OX
MOLPCT

d2ahU
0

8 . 2(_)

11

JUe .

« 0

o248
l.00
«0U

SebY

30()0

P ITNPUT
KROR MOLPCT
LU0 AR1.91
<00 03
.00 «00
.00 8.19
00 «00
« 00 11
. 000 .q'l
002

00

.00 27
.00 1.0%
00()
Sun

.00 3455
.00 JeB7
.UO DUO
83

.00 «00 -
.00 beo12
« U0} 00
.00 « 00
.00 U0

(MA+YK) /AL

(FE+) Z (FE+MIN+HMG)
WA20/ (iHA20+K20)
FLO/Z(FLO+FER0D)

B82.03

£.96
.00

boU]
HLoolHO
L'()obé

RY.98
().57
J.yb

MOLAR VOL(CAL/RBAR)

cp

ANZPL
EN/HY
FAZOL
DIFRDLX

PRED XLIZ
OLIVINME
CA-PYX
’LAG

2le2

WET 0X
MOLPPCT

81.91
<08

HelY

o11
U1
U2

27
1.0
«UU

WT FCT MULPCT

100.13
84,40
3258
63.89
‘+5¢ 7()

«UU
9333

My
9nho,

1075,

120h,

26

86.97
70.21
ha, a9
T79.73
12.88
$2457

00
94,06

° (7:‘)2_7‘-'

+

MIN- MoLE
ERAL PCNT
Q 31.89
C .03
Zz 00
OR 351,15
L 35.60
(Aty) 31,02
(ALl '} .59
LC .00
HNE .00
K= .00
HL .00
TH .00
AC .00
NS .00
KS .00
WO .00
DI 100
(WO) 000
() .00
(FS) .00
HY 91
(Er U8
(F5) JU3
oL .00
(FO) 2 00
(FA) .00
CS .00
T .28
CF'.D +U0
It o 14
i1V .00
™ .00
Pr .00
RU .00
AP .00
FR .00
PY 00
cc 00
SALIC 98.68
FEMIC 1.32°

TOTAL 100,00

( «26066-0W)T [

W IGHT
PCNT

33.R9
n3
00
30 K7
33,28
2&E 77
4 51
no
.00
00

no

00

00

ne

00

00

no

no

N0

no

) 3

0

S0

00

00

00

00
.38
00
.10
.NO
.00
.No
.00
00

ne

0o

no

a7 ny
1 u9

99 37

E




PthSll\ OF LGUIVALENT LIG. DRY ANL AT S000. PARS P H20, PRED AR MO E FRAC
[ DG ¢ 70U.  HUO. © Y00, 1000. 1100, 120G. 1300. 1400, 1a0O.
DEN Wil co3is ©.339 2.330 2.321 2,312 2,302 2.293 2.280 2 27%
DEN DIKY  ¢e3b0 20347 2,338 2,329 2.320 2,312 2,303 2.294% 2 285

fUUO-uLILL GEOTHLIKMOMETER :
fAU ORY . 850 29 o775 N 33418 561 - W1l « 265 . 151 .N78

ﬁAb sOKIS o BUT S04 « 736 e22 M7 315 .180 092 04
KAL 1.6 0L + 760 ey 048 « 396 <20y . 136 067 n31
XAL Hoeky o301 208 178 102 2055 025 011 004 002

REVISLD KULUO=-weIlL GEOTHENRMOMETER } ‘

XAL DY 93 . LJY12 e BOY o778 «640 JUH7 118 . 054 023
KA KL BT e 38 067 HGS 154 097 « 055 029 .015
XAL Lok 820 803 o 157 s LUD D72 227 134 076 041

NATURAL LUGARIIHM OF VISCGSITY OF LIQUID, AFTER SiiAW (1972)
LW VISC £9.72 25,76 22.51 19,75 17,40 15,36 13.59 12.02 10.64
L VISC Z41193.56/7 LEG K =12.5730

(BINEICO R § SLOPE TUTERCEPRT

Vel =, 000092 24129




LOEHTIFICATION FIELD READS ..

K T75=50
SPECLES LHPPUT CATION CuMP  THPUT DRY 0X WET 0X MIN=- MOLE WEIGHT
Wi PCT  PCNT ERROR MOLPCT MOLPCT MOLPCT ERAL PCNT PcMT
NP IS TUelS ©7+28 LO00 72,97 TL.64  Te.99 0 25.84 26,89
T10¢ 10 12 U0 13 N o135 C .03 N2
RV LU0 U .00 .00 z .00 .00
AL2G3 T4.14%  lou.0l .00 .67 Ye 54 Be67 OR 2R.07 27.06
CReud «UU 00 .00 «00 , PL 42.02 38,72
FE2UD 8 49 U0 27 29 27 (AB3) 32.04 29,11
FEO Le2b - 1.00 .00 1.09 1.17 1.09 (AMN). a,928 9,62
MNO W01 .01 .01 SOl L0l LC .00 00
.10 +OU «00 «00 NE .00 0o
FMGO .58 K] .00 .90 097 .90 - KP .00 00
SRO «OU .00 «00 «00 « 00 TH . .00 0o
BAQ LU0 00 <00 AC .00 00
HNAZ2U de Beltl » U0 3.47 3. 74 Sol4? 1S .00 .00
K20 i, 5d 5.61 «00 .00 328 3.04 KS .00 .00
205 U6 U5 <00 03 WO .00 .NO
H20+ 2.07 1418 7.19 DI <01 01
H20- 24 (WO) .01 01
S03 .00 .00 .00 U0 (EM) .00 .00
o U0 .00 J.83 (FS) .00 no
L «UU <00 <00 HY 2,96 2,923
b « U -.01 U0 (EN) 1.66 1.44
coe «0u 00 .00 «00 , (FS) 1.30 1,u9
TOTAL Y9, 30 oL .00 N0
-0=F o CLL Yy, 36 : (FO) 00 no
H20 Y7l.0h (FA) .00 00
. WwT PCT MOLPCT Cs .00 .00
ERMAKY UIAGRAMS (MA+K) /AL 84.%0 75.08 MT .7 29
(FEA+MH) Z{FL4MN+MG) Bu.62 64,42 C .00 .00
WT PCT MOLPCT HA2O/Z (HHA20+K20) G2.29 953.31 IL 23 30
FEO/(FLO+FEDQD) 64.77 80.34 HM .00 00
f 32¢37 68B.25 AM/PL 24,83 23.74 TH 00 N0
PU SO0 1083 EN/ZHY 49,26 Bebel6H PF <00 0o
I Buebb 14.83 Fa/oL +00 « 00 RU +00 no
DIFNCX 83.06 85,95 AP «13 14
FR .00 0o
) 6250 80.58 : PY .00 no
I 16,95 10.35 cC .00 00

WP lbede 9.07
PRED XLIZ TEMP SALIC 95.96 9e¢ 70
OLIVINIE un 8, FEMIC 4,07 bW, 37

}N 4.0 lhecl CA-PYX 1105,

}U gy .24 45,72 PLAG 1245, TOTAL 100,03 97,07

')R ulol“ QU.UE)

‘ cp = 211450

A Tuoe.lty TH.28
F 130 1540 MOLAR VOL(CAL/DIAR) =  .62%0% + ( ,27139«04)T U G K
M Hebl 1027




DLIMSTITY OF FOQUIVALEUT LIG, DRY AND AT S00. BARS P 1120. PRFD AR MO, B FRAC
T LLG C 700, ol 900, 1000, 1100. 1200. 1300. 1400. 1ls00.
DEH WiT 26297 24289 24273 2.201  2.248 2.236 2.224 2.212 2,199
DEN DRY  2¢390  2.380 2.377 2.367 2.358 2.348 2,339 2.329 2.32Q

KUDO=wb 1L GEOTHEKMOMETER

XAl LRY L840 «B0L « 732 2022 SU77 « 323 102 102 . 050
XAts «LKD L 857 782 689 UH3 e 39U 2058 127 061 .027
XAU 1K 740 e 72Y 022 U477 319 104 .94 s0uy .N19
XAL LK <339 38 147 <079 038 «.017 007 .003 .001

REVEISEDL KUDO=wt ILL GEOTHERMOMETER

T bks C . 70U, 800 . s00. 1000. 1100. 1200. 1300. 1800. 1500,
XAU DY +931 « 898 835 725 560 169 .081 .035 LO1h
XAb «HKU3 .65 600 510 «188 «119 . 069 <037 .019 .N09
XAl L.KB  .811 o776 712 015 LU8Y 160 093 . 050 026

NATURAL LOGARLITIN OF VISCOSITY OF LIQUID, AFTLR SiiAw (1972)
Lit VILHC 27420 23,58 20,54 17,97 15.73 13.88 12.22 10.77 Q.18
LI VISC Z38348.70/7 LG K =12.1523
DEHSITY SLoPE INTERCEPT

WLT  =.0001295 23334
S DKRY  =.00u09y eIty




LOEMTIFLCATION FIELD READS ...
ik T4=2 OLASS
SPECILS IHPUl Callon COMP  INPUT DRY OX WET 0X MIMN= MOLE WEIGHT
wl PCT  PCLT EKROR MOLPCT MOLPCT MOLPCT ERAL PCNT PCMT
SIo¢ TGoU 72400 L0000 82,59 83,16 83.10 0 32.66 34,65
10 S <09 .00 e10 10 <10 C U2 .38
ZROC U .00 .00 <00 2 .00 .00
AL2US 12440 15,77 00 7490 7495 7.9% on 30.66 30,14
CR203 U 00 .00 .00 PL B2 32 32
FEZ203 R 23 .00 13 o 14 14 (AB)  33.53 31 n5
FEOQ IR o34 00 « 39 39 .39 (AN). 1.29 1.76
MINO UG 05 .05 .00 06 LC .00 .00
1O «Ou .00 . .00 , MNE U0 .No
NGO 09 13 .00 W15 .15 15 KP .00 . 00
(,AO .“)5 [} 5() h . UU c(.)“ of,’)q of\"} “L . 00 . nO
SRO LU QU UD . 0U .00 TH .00 .00
LAO LOU L 00 « U0 AC .00 0o
”f\;.‘U \I)o(‘)h/ (1071 -O() JO&S \50?)7 ;50“7 HS ’00 .OU
"\C_‘\) ‘JulU t)olj IUU 5052 Jobq 305“’ KS 000 OU
205 N 00 .00 « 00 Wwo .00 .00
He2o+ OU .00 .00 D1 .00 ~ _no
1heo- LUU : (W0) .00 .00
503 JUU .00 .00 <00 (EM) .00 00
5 L0 .00 4,15 (FS) .00 no
CL .0u .00 + 00 Iy 62 6H
b 2V 00 61 (EN) 25 22
o2 LU SO0 .00 00 ) (FS) 37 u3
TOTAL 9943 oL .00 no
=0ZFCL Yy, 27 (FO) .00 no
H20 y9,27 (FA) .00 00
wT PCT MOLPCT CS .00 no
LRHNARY ULIAGRAMS (HA+KY/Z4L 106,00 93.20 T e 35 ng
(FE+0MN) Z (FEAMI4MG) 91485 83,08 Ci .00 00
WT PCT mOLPCT HALO/Z (HA20+K20)  #1.8% 52,24 IL .17 23
FLOZ(FLO4FE203)  56.58 Tu,33 HIM .00 00
) Jbelt 71.78 AN/ZPL 3.91 3.70 TH .00 . N0
}u JcohU 14,74 ENZATY 34,25 40,63 PFE .00 00
R SLetl  13.48 FA/CL .00 00 KU .00 .NO
DIFHLX  9%.85 96.85 AP ) DU
: FR 30 N1
; LY.L Bl.Y6 _ PY .00 00
L 17.59 Y42 ‘ (of o .00 . N0
Poo17.87 Lol .
PRED XLIZ TEmMP SALIC. 98,56 97.4Y9
OLIVINE 971. FEMIC 1.044 1.77
N U2 1.97 CA-PYX 1071, o
Boou9 e 512l PLAG 1186, TOTAL 100.00 99.26
R 4uezh  bo.H2 . : '
cp = 21.257
l\ ").I,o.l() 91-()“
Foooo7e490 Hebl MOLLAR VOL (CAL/DRAR) "= 463362 + ( .25995=04)T LEG K
1 3 TH Lol




ftHSIIY OF EQULIVALINT LTI, DRY AN AT 500, DARS P H20, PRED AR MOLE FRAC
[' LEG C fUl . HUN. 9ub,.  10uv0. 1100. l200. 1300. 1000. 1500,
?LN WL 24301 2,347 20033 240324 2.210 2.307 2.298 2.289 2.280

IUUO-\'.EILL GEOTHLRMOMETEK

(AL DRY 890 JUTH c008 770 66D D23 ¢ 365 223 121
(AU JLKY L 88Y o 86507 507 716 582 J418 « 259 140 «NGH
FAU L.Ki3 .854  H2Y o 107 050 e H0N 342 200 .103 « QU9
WAL LJKE 438 OB 245 « 149 <079 « 038 017 .007 D03

!{LVISLD KULO=Vit TLL GLUTHERMOMETER

[ UEG C 700, U 9uo., 1000. 1100. 1200, 1300. 1u00. 1500.
(AL DY «9bS 939 206 S84 3 o T34 » 570 «175 . 084 037
:.Ab ai)KU s THY ~722 ob()j 0572 .'453 -lq'b .08'5 -046 024
AL Lo K3 U7y 00H en 7165 eHT7S «HH3 . 1097 117 64

INTURAL LUGAKITHR OF VISCOSITY OF LIGUID, AFTLR SiAM (1972)
LIi VISC  29.84 25,09 22.61 19.80  17.48 - 15.%4 13,66 12,00 10,70
Liv VibC 241297.57/T7 UEG K =12.5946

DEMHOGLYY SLOPE INTERCEPT

we T —c”UUUR& 20”120




LOEHNVIFLIOATIUN FLELD REALS ...
MR=70=3 GLAGS
SPECIES LiPUT CATION COMP  INPUT DRY OX WET Ox MIN=- MOLE WL IGHT
wl PCT  pcut ERROR MOLPCT MOLPCT MOLPCT  ERAL PCHT PCHT
$10¢ To.60  72.13 L0000 B2.84 83.20 83,24 Q 32,78 34,90
110 1l UG ) .10 W10 «10 o 25 23
2RO LU0 .00 LU0 00 Z 00 < N0
ALZ2US L2 4U 15473 .00 7.88 7.92 7.92 oK IN49  3U.08
CReLS JUU 00 .00 $ 00 PL 35.11 32.72
FE203 28«20 N9 11 .11 «11  (AB)  33¢33 30,97
FEQ N7 37 .00 42 S43 0 B3 AN 1.78 1.75
HNO ch) OUE) 005 'Ob oUb LC OUO .nU
110 ) 00 .00 , ME .00 .00
Mo JUn e11 0D $13 13 .13 KP .00 .00
(-AO . b(.) olf)";l : Y 00 0()5 o():\) c()b HL. . 00 [} no
SRO e UU « 00 .00 ) .00 TH .00 N0
CAD L0V .00 .00 AC .00 00U
A2 360 Leb7 .00 363 3.85 3.85 1S .00 .00
Koo LL.UY Ve ll LU0 3450 3ebe 3.52 S .00 .NO
P205 L 00 . H0 00 .00 WO .00 .NO
2o+ LU0 .00 .0V NI .00 .00
H2U- ) (WO) 00 .00
$03 JUU LU 00 00 (ErN) 00 .00
i) LU0 .00 4,14 (FS) .00 .00
CL Ul 00 .00 1y 069 JTU
Fooo W1l ; .00 48 (CH) 22 .20
Cor W00 « 00 .00 .00 , (FS) U7 .55
TuTAL 49 .60 oL e 00 .00
=0=F»Chh 99,00 (FO) «00 «NO
"'20 99,00 (FA) 000 000
wT PCT MOLPCT CS 000 .NO
TERNARY DIAGRAMS (HA+K)/ZAL 10576 Y92.98 MY .30 Sl
(FLAMN) Z(FEAHENAMG) 92,64 84,59 Ci .00 .NO
WT PCT MOLPCT NA20/ (INA20+K20)  H1.83 S2,22 . 017 )
FLOZFLO4FERZ03)  62.67 T7H.86 HM L, 00 .00
B duesB  71.98 AN/ZPL 5436 5.07 TN <00 .00
A 32,20 14.03 EMZHY 20477  32.45 PE .00 .00
DK Jie3D 13.239 FA/OL .00 .00 RU 000 .00
DIFHUX 95,95 960.61 AP .00 N0
FR 21 .29
4 €470 B2.04 PY .00 .NO
WL 17.049 9.38 ccC .00 .00
P 17.31 858 :
PRED XL1Z TENP SALIC 9R8.64 97,935
OLIVIME 961 . FEMIC 1.36 1.67
AN 279 2e 71 CA=PYX 1u70,
AU 4y.31 H0.80 FLAG 11688, TOTAL 100.00 99.60

DI 47.89 Uoal4"
P = 21.253

A 91.34 91.07 :
Fooo a3y Hhel2 MOLAR VOL(CAL/DAR)Y = .63390 + ( .25840-04)T DEG K
M ) lol)l




DLGSTY OF CUULVALENT L. OIY AND AT

h DEG C 700 SUD.  wgu. 100G
DEH WET 22350 2,042 2,333 2,520
DEN DKY 24350 24542 2.3353  2.324

KULO=WEILL GLOTHERMOMETER

XA DY «BY0 875 335 760
;XI\U « O B8 sOHE . 6(13 . ,1 1
KAE 1.k .855 SB20 e 7152 OUH

REVISED KUDO=abILL GEOTHLRMOMETER

T LDEG C  700.  €00. 900, 1000,
XAB DY 49535  ,937  .90% 840
XAD oLKB o785 o717 <057 565
XAL 1.KDG 867 850 <020 7ol

NATUKAL LOGARLITHNM OF VISCOSITY OF LIQUID, AFTER SHAW

Wk T —o000087 < 116
bRy =.00u0n87 2.4116

S500.
llo0.
2:315

24315

e 60
. 57()
U9y
0748

1100,
. 729
JHY7
«670

Lit VISC  2£9.91 25,95 22.67 19,90 17.5H2
Lit VISC =41380455%/T ULEG K =12.6071
PDENSITY SLobPL INTERCEPT

PARS P H20,

1200,
2.307
24307

017
olb1e

330

037

1200.
e DOH
142
« DH47

1300. 1u00.
2.298 2,289
2.298 2,289
« 369 .19
o 254 127
. 107 «101
017 007
1300. 1400.
172 .082
083 045
« 194 114
(1972)
13.70 12,12

PRED AR MOLE FRAC

1500,
2.280
2.280

NGOG
«N48
«N03

1500.
«N36
«N23
® 003

10,73




AWEHTIFICATLION FLIELD READS. ..
MR=74=4 CLASS

SPECLES 1rkPUL CATION compP ITNPUT DRY OX WET OXx MINM=- MOLE Wt IGHT
wl PCT  PCHT ERROR MOLPCT MOLPCT MOLPCT ERAL PCNT PCMT

5102 THhe2l Teo6hl L00  A3.26 83.9%9 83.5Y 0 35.11 35.88
T10c Jde .09 00 .10 e 10 .10 C .80 .70
(RO «UU « N0 00 U0 V4 « 00 .NO
ALZ20S  lez.0U0  15.84 LU0 T.94% 7,97 7.97 or, 29,84 28,25
CR20S e UU 00 .00 U0 PL 33,03 29,59
HE2QS o S0 22 .00 13 ) 13 (AR)Y 30,72 27.40
MNO . 0% 04 « 05 .09 .05 LC .00 N0
N1O .0u .00 .00 O ME .00 .N0
f060 T « 07 .00 «10 +10 « 10 K2 .00 « 00
(./\O obb o‘)‘) . h . U') n()? .t')U .")O HL . 10 . 10
SKu «JU «J0 «00 « 00 .00 TH .00 N0
HAOQ s UU « (Y0 «00 AC .00 N0
LIA20 JelY o2l LU0 Jauh 3e59 3.5Y MS .00 .NO
ke G706 5697 .00 d.4p 3.43 Il KS .00 « N0
Pech UU «0U <00 «00 WO .00 « N0
Hcl\)* QOU 000 OUU DI 000 -00
HZQ=- »UU ' {(WO) .00 .00
503 JUu 0U 00 00 CERD .00 N0
) . Uu LU0 He10 (FS) .00 .00
CcL Vb 00 «11 HY 48 NS
b JUB ‘ .00 .21 (LZr) .18 1Y
Loe LUU « 00 00 .00 ) (F%5) 31 « 34
TOTAL ubh, By oL .00 .00
~0=ZFCi 9H,.83 (FO) .00 .00
H20 Y0.83 (FA) .00 N0
w1 PCT MOLIPPCT CS 00 - o 0NU
TERUAKRY DIAGRAMS GIA+KDY ZAL 100.91  88.21 MT .33 LU3
(FLHIN) Z (FE M M0) 93%.76  86.706 cM .00 .00
WT FC1 #MOLIPCT NAZ2O/Z (HAZO+K20Y  40.77 Hl.13 IL .18 «23
FEO/ (FEO4FLE205)  5HhH.88 73.7Y HM .00 .0U
Q 39,20 74435 AMZPL 7.41 7.01 TN - .00 .00
Al 29.93 13.01 EF/ZHY  20.24 0 36.29 Pr .00 . 0U
OR 33U« 12.04 FAZOL .00 .00 RU .00 . N0
DIFMLY  Y1.52 95.67 AP .00 « 00
. FR .12 .16
Q boLe2H  BI3.UD - PY W00 .00
INE lue 22 el cC .00 <00
KPP 17404 8439
PR XLIzZz TEMP SALIC 9Rr,.89 94,51
VLIVINL 10%6. " FEMIC 1.11 1,322
AlN Se Y 3469 CA=-PYX 1077.
Ats  UB7.37 HL.BO PLAG 1175, TOTAL 100,00 95.83
OR 48484 47.40
cP = 2l.219

A {)lof)U 920\)0
Y 'S HeS7 MOLAK VOL(CAL/BAR) = 631053 + ( .25150-01)T DES K
M DY 10:)2

-




LESTIY OF EGULIVALLHT LIO. [RY AHD AT 500. DARS P H20. PRED AR MOLFE FRAC
vks C 70U, GUL Y00, 1000, 1100. 1200, 1300, 1400, 1500,

LI WLT 24349 £o3000 2.332 2,323 2.31%  2.306 2.298 2,289 2.281
ILH DKT 24389 24340 2,332 2,323 2.315% 2.306 2.298 2,289 2.281

U000~z ILL GEOTHERMOMITER

G DRY 880 « HOH 823 « 750 6OL0 o 190 «339 2010 «.1U9
AL WORB WB70 BNy « 7190 s 093 DL . 391 238 127 061
AL 1K 840 000 757 02D JUT7 « D17 183 093 04y
A beK3  WJ4lce 327 226 135 072 <034 015 006 003

IEVISLL KUbO=WLILL GHOTHLERKMOMETER

| LEG C 700, 200, 90, 100U0. 1100. 1200. 1300, 1400. 1500.
A DRY <950 $ 932 396 L828 712 542 .159 076 .033
IAb .bk'd 072/ s 700 02)3” .b‘“& 0207 cl._’)l; .077 00‘12 .N21

A 1.Ki3 8006 Johy 608 T LTHD «6LH1 «02b 180 106 058
INTURKL LOGARLTHM CF VISCOSITY OF LIGUID, AFTER SiAY (1972)
LN VISHT  00.00 20,34 24.02 20.21  17.82 15.7%  13.94 12,35 10.94
Lhe VISC 2418/73.09/7T LEG K =12.6817

oLnStIyY SLobe INTERCEPT

WT = 000085 240933
DY =.000089 24083




LOEHTIFLICATION FLELD READS .. .
FR=T4=8 6LALS

SPECILES LisPUT CATION CoMP INPUT DRY OX WET 0X MIH- MOLE WEIGHT
Wi PCT  PCNT ERROR MOLFPCT MOLPCT MOLPCT ERAL PCNT PCHT

Sloe T1e1U 72445 00 B3,01 83.43 83,43 0 S 34,01 36.18
T102 Je 08 LU0 .10 $10 J1U. C .58 .53
LRO .UU « 00 .00 <00 V4 .00 N0
AL2UY 12037 12470 .00 7.85 7.69 7.89 OR 20,67 29.25
CR2UVS LU UU 00 0D PL 3,27 31,92
FE&ULS WU 17 .00 .10 W10 <10 (AB)  32.62 30,29
FEO W52 U1 .00 47 47 07 (AN) 1,65 1.63
MHO 00 .05 .05 05 .05 LC. .00 .N0
HIO .Uu 00 +00 NE .00 .00
AGO .0Y 13 .00 14 .15 «15 Kp .00 .NU
CAO obb .‘.)‘J v OU(.) 0b3 .()"' '6“ HL 000 .OU
5RO LUV .00 200 DU « 00 TH .00 00
BAO +UU .00 0N AC .00 .NO
{iA2U 2.8 OeHe .00 Je74 3,70 .70 NS .00 «NU
P\ZU “ogb 5)093 oUO 3.“” 30“2 3-“2 KS .00 onU
Peob Ou <00 .00 <00 WO .00 .NO
HeO+ L0U , .00 , s0U DI .00 .NO
HeO= JOU (WO) .00 .00
S03 LUy ) .00 .00 (EM) .00 N0
4 L Uu .00 4,16 (FS) .00 .00
CL JUu .00 .00 HY .83 .29
F 19 N 51 (Ei4) 25 22
coa .UU 00 .00 .00 _ (FS) 57 W67
TOTAL 99,73 oL .00 LOU
~0zF s CL Y9,67 (FO) .00 .00
H20 99,67 (FA) .00 .00
o WT PCT MOLPCT CS .00 .00
TERNARY DLAGRAMS (HA+K) /AL 103.33 90,92 MT .25 .35
(FE+MIN) Z (FE+MN+MG) 91,93 83.24 of . I .00 .N0
WT P'CT mMOLPCT NA2O/ (HA204K20) 41,97 %2.36 IL 17 .23
FEO/Z(FLO4FE203)  68.42 82,081 HM .0N .00
Q 37.580 73.19 AN/PL 5.11 4,83 TH .00 .00
Al 3164 14,04 EM/ZHY 25,07 30,54 PF .00 00U
OK  Ju.%6 12.77 FA/ZOL <00 LU0 RU .00 .00
DIFNOX 95,73 96.29 AP .00 N0
FR 22 W31
Q LH4I  B2.HY , : PY .00 .NO
WL 17.14 Y.14 cC .00 .00
KP  17.30 8.31
PRED XLIZ TEMP _ SALIC 93,53 97.88
4 ULIVINE 961 . FEMIC 1.47 1,78
Al Ze67 2.59 - CA-PYX 1072. -
AL 49,52 51.01 PLAG 1190, TOTAL 100,00 99.606
OR 47.82 U46.40
CP = 21.243

QU .94 90.9Y
Belu Te2l MOLAR VOL(CAL/BAR) = 4633530 + ( .25378-04)T LEG K
M 09() 1 o“q

™ >




DENSLTY OF EuwUIVALEMT LIG, DRY ANU AT SG0. BARS P 420, PRED AR MOLF FRAC
I'bEo C T0U. LU You. 10v0. 1100. 1200. 1300, 1800. 1500,
Dl WLT  2e350 o302 2.033 2,320 2,316 2.307 2.299 2,290 0.261
DEI OKY 24350 2.382  2.033 2,324 2.316 2.307 2.299 2.290 2.281

ﬁUUO-hEILL GEUTHERKMOMETER :

ﬁAB DY B2 LuT73 333 o 764 657 ) ) ¢ 357 217 118
‘(A“ obrxu '8&:) .”‘:)7 Odul 070() of‘.)?“ .QIU 0?53 013() .066
ﬁAU Lokl o850 4018 « 750 U2 <490 L334 « 105 101 047
FAU S.KU Wy27 LY « 239 104 077 037 016 007 L0003

REVISED KUUO=wLILL GEOTHERMOMETER :

I DEG C 700, LU0 900. 1000, 1in0. 1200. 1300, 1800. 1500.
XAU DKY $ 953 . 936 «902 . 838 728 .562 171 .082 . 036
XAU obKd T4 714 c 655 e 563 TS Q141 .083 045 .023
KALS leki3  +86Y B5S 519 0 759 668 L 545 . 193 L1114 062

NATURAL LUGARITHI OF VISCUSITY OF LIGUID, AFTER SiHAW (1972)
LM VILC  S0.12 20,13 22.83 20,04 17,66 15,60 13.8B1 12.23 10.833
LIt VISC 4101063577 LEG K =12.6416

DENSITY sLoPL INTERCEPT

WET = 000080 2eliln3
bRY  =.000080 21103




AUEHTIFICATION FIELD READS ..
MIR=74=15 OGLASS
SPECLIES LiPUT CATIORN compP  TNPUT DRY OX WET OX MIN- MOLE WEIGHT
WT PCT  PCNT ERKOR MOLMCT MOLPCTY MOLPCT ERAL PCNT PCNT
S10c ToebU T4l JO0 RZ2.87  B83.24 B3.28 0 33,02 35.02
rIog 13 L0Q .00 11 «11 211 C + 38 o 34
RO Uy « 00 .00 « 00 Z .00 « N0
ALZOGS  l2.40  13.78 .00 T2 7.95 7.95 OR 29,47 28.96
Chavud s UY «0U .00 00 L 35,76 33.20
FE2UO VK] 23 U0 o135 14 Sl (AD) 34,00 31,48
FLO 46 e 30 «U0 U2 L ) i 2 (AN) 1.76 1.73
M“U oUb qu .UL:‘ 305 005 LC 000 000
110 VT «00 .00 NE .00 .00
MGU 00(') 015 cOn '1‘:) . ]5 O.l.b Kp OUO or’U
CAQ ' o ld «5Hh T .00 G ehd 63 HL .00 « 00
LIKO «Uu .00 - .00 «00 - 00 TH .00 . N0
BAL JUu U 00 : AC .00 .00
HALY d.72 ue 80 .0 a9l Sele J.92 NS .00 .00
Kao 4490 U89 .00 3,39 3.40 .40 KS 00 . N0
P200 U .00 .00 .00 WO »00 «00
e+ Y] _ : 00 - L 00 NI .00 .00
Heu=- <00 (wW0) .00 «00
L03 sUu U .00 o0 (F1h) .00 « N0
S +UU .00 4a.ly - (FS) Vi .00
CL. 0u LU0 «00 HY . Ol 67
F %) .00 45 (EN) 25 22
Co2 U0 . 0U .00 .00 . (FS) 0 39 U5
TOTAL 99,25 oL .00 400
-0zZF.CL 99,2V (FO) .00 .00
H20 99,0 (FA) .00 N0
WT PCT MOLPCT Ccs .00 00
TLRHARY DLIAGKAMS (HA+KI /AL 104.03 92,12 MT e 35 N8
(FE+RN) Z(FEHMNFHME) 92.03 83,43 Ch .00 .NO0
Wil PCT MOLPCT HALOZ (LA204K20) 435,16 53,57 IL .18 25
FEO/(FEO+FE205) DHBy8.23 75.60 M .00 N0
P Sbe9 T2.23 AN/ZPL 5.20 4.92 TH 00 0V
ﬂb SJu.9b 14,388 CNZHY  33.23 39.54 PF .00 «NO
Ok 3Uedd 12.09 FA/OL <00 .00 RU- « 00 .00
DIFNDX  95,4% 96449 AP .00 +00
' FR 19 27
G L9490 82.15 ‘ ' PY .00 NV
ME 17,80 YeH0O cC .00 «NU
KP  17.24 d.29 '
PRED XL1Z TEWMP SALIC 98,63 97.%52
N OLIVIHE 975, FEMIC 1.37 1.67
Ali cel8 .70 CA-PYX 1074,
AL HU.04 H2.413 PLAG 1186, TOTAL 100,00 99.19
OR  HJuebd 4d5.18
Ci» = 21.250

A U, 74 9) .8 . .
Foooooed2 0«90 MOLAK VOL(CAL/BAR) = 63357 + ( .25585=-0W)T DEG K
M o‘)bl 1 -UZ:‘




DENSITY OF EUUIVALLHT LIG. DRY ARKL AT $00. BARS P H20. PRED AR HOLE FRAC
Foes € 700, LIS 9y, 1000, 1100, 1200. 1300, 1400, 1500.
DEIE WLT 20350 o382 2.333 2.324 2.310 2.307 2.268 2,290 2.281
DEHN DY 20350 2e002 2.333 2.324  2.316 2.307 2.298 2,290 2.281

fUDO-w[lLL GLOTHERMOMETER
IKAB U”Y QH‘)“ X t(j““ .b‘&é’ 0775) o()]l 05;50 0571 .227 .12“
'(A“ obKU 0{591 0“(:)" odll 072.1 058{/ o[‘zq 02()”‘ .114'5 onb(ﬂ

ﬁl\l') l.KU el otvr(:? 07'..)2 oot"'-) o!’ll -5“8 .")Ot‘) 0106 -ObU

KA[) E)o"\lj o‘Hh) 0\5[37 oc.’.‘JU wl':)c? .U{Sl -0.59 0017 0007 0003

LtVlStU kUnO=wt It GEHOTHERMOMETER

T DEG C 700. BUD. 9y0. 10U0. 1100. 1200. 1300. 1400. 15n0.
I‘AU Ul(Y 095() e GU 1) <908 08q7 9739 ‘ 0577 0179 . 086 «N38
%AU JBKE o702 o727 «0LH9 e H78 JUeU 148 087 s Oun «N25

KA LoKlh o879 «HO0 28 770 681 5ol 202 +120 <006
JATURAL LOGARITHM OF VISLCOSITY OF LIQUID, AFTER SHAW (1972)
L,) Vl&l\: '(_':3.‘).'«_’ Lb.gb (‘4_’_0()7 l().‘)ﬂ 17.5)5 1'_).4() 13070 12.13 10-73
LI VISC Z413ube4dH/T LEG K =12.0080

DENSITY ' SLOPE IMTLRCEPT

wt.l  =.000087 . 2.4111
OKY  =.00Vu0087 S.U111




LOEWTIFICATION FLELD REALS ...
FR=T4=16 GLASS

LPLCIES LhiPUr CATION CurP  INPUT DRY OX WET 0X MIN- MOLE WEIGHT
WT PC1 PCHLT ERKOR MOLPCT MOLPCT MOLPCT ERAL PCMT PCNT
Sloe To 04 71,78 L0 82.43 B83.14 83,14 o 33,25 35,22
1ioe u .08 00 .05 .05 «Ub C 1.65 1,49
RO LUU W00 00 <00 , 4 .00 .00
ALZUS  LoeUl  Lluolib .0u 830 e 3 Bedb OR 25.65 25,17
CR2US «UU .00 .00 .00 PL 30,15 35,208
FE2U3 2 16 .00 <09 0y 09 (AB)  37.89 35,03
FEO <30 28 .00 e33 $ 33 ¢33, (AL $ 26 .25
MNO .09 .07 .03 08 W08 LC .00 .NU
il L0uU .00 .00 NE .00 .NO
MGO LUH .07 00 .08 .08 08 KP .00 .00
CAD e 2 L 00 4 49 9 HL .00 .00
SKO LUu Y ) «UU .00 TH 00 .No
(AC S LU <00 ) AC .00 .00
HAZ2U Ih o 14 751 N 4.e35 4439 439 MS .00 . N0
ka0 4,206 Hel3 .00 2.95 2.97 2.97 KS + 00 .00
P20Y 0V <00 .00 .0N WO .00 .00
120+ .0U <00 .00 DI .00 .00
H20- LU (W0) .00 .00
505 .00 ) .00 <00 (EN) .00 .00
S LU LU0 hel7 (FS) .00 .NO
CL LU L00 .00 HY .61 67
F b 25 .00 «86 (F1) o1t 12
cue LU W00 .00 .00 , (FS) 7 )
TUTAL Y& e dY oL .00 .00
~OZF s CL Y, 72 ' (FO) .00 .00
H20 93,7y ‘ (Fr) .00 N0
WT PCT MOLPCT cS .00 .00
CRINAKY ULAGRAMS (HA+K)Y /AL 96.04 87.85 MT .23 .32
(FE#MIN) Z(FEHMN+MG) 94,35 87.93 CM 200 N0
wl PCT 1oLpPCT MAZO/ (WA20+K20) 49,29 59,63 1L .09 11
FEO/(FLO+FER0S)  62.07 78,43 H2 .00 .00
3ue91  72.35 AN/ZPL W72 OHH TH .00 .00
20038 11.16 FA/OL .00 «0U RU .00 .00
DIFNDX  95%.42 96.78 AR .00 N0
. FR .37 .51
6h.le 82.19 _ PY .00 .00
L 19.89 10,02 cC .00 .00
2 14499 7.19
PRED XLIZ TEMP © SALIC 98,70 97.16
OLIVINE 19008. FEMIC 1,30 l.62
N 42 40 CA=PYX 1085, :
5 57494 59,39 PLAG 1187. TOTAL 100,00 98.78
R 4l.o4 40.21
cp = 21.250

P 9ol gI.u2
NI Y e Sl MOLLAKR VOL(CAL/BAR) = 634450 + ( .28821-04)T LEG K
l‘J!) louq




LLNSITY OF

T OEG C 0 Tuk,
DL wET 24349
DEN URY <2349
KULO=-wt lLL GEOTH
XA DRY « 93U
XAl LKL e
XAL 1.k <90y
XAD H5.KB 540

EGULVALENT Lla,

0. Sul,
2040 2.552
2340 2,032

ERMOMETER

917 «UH0
UIE cU6H
dH78 827
RS o) 332

REVISED KUDO=WEILL GEOTHELRMOMETER

T DEG C 700
XAl ORY 97y
XA +JLKUB  .822
XA 1okl o912

NATURAL LOUGARITHM OF VISCOSITY

LI VILC  J0ecl 8022 22490 20011 17,72
LIV VLSO 20 1717¢94/T UEG K =12.65H77
WDLNSITY SLOPE INTERCEPT
wil =, 0000084 244075

g, 9u0.
sUha +936
.ts[)l 0,51
903 578

DRY AMD AT 500,
1uG0. 1100,
2e023 24515
2.323 2.31YH

B30 « 750
e 193 78
« 739 600
10 2115
1000. 1100,
J091 807
« 070 « 556

OF L1QUID,

BAlS

1200.
2.307
<4307

YiRe)
.H19
T2
« 150

1200.
<060
203
51

AFTER SHAW

1 5 «HU

PH20,

1300, 1400,
2298 2.290.
2.298 2,290
62 299
e 343 « 195
273 a7
025 011
1300. 1400,
7Y 121
-122 .068
«511 165
(1972)
13.86 12.28

PRED AR MOLE FRAC

1500,
2.281
2.281

. 170
.N37

«071
.004

1500.
« 054
« 035

10.67




SPECIES .
W

S1oe
110
LROZ
AL203
CR203
FE2Va
FEO
MNO
HIO
VGO
CAO
LRO
LBAO
A2
K20
2oL
H20+
H20~
U3

5

C

b

o2
TOTAL
=0=F s CL
H20

TERMAKY D

WT PCT
Q Hhecl
AL 24.U¢

OR  21.77

Q 6Y.20
Kb 1ze357
AN l.01
AR bU.UL
OR  38.43

A Deahbh
F 7409
M et U

TUEHNTLIFICATIONM FIELD READS. ..

MR T4-1

INPUT C
T pPCI

73460
w7
.00

leobu
VU
lu
o 37
07
. UU
UY
«JY
«Uu
Uu

S.07
.Y
«UuU
.UU
+ LU
Uy
.U
.Uy
1o
sUu

Yo bl

94,31

94,31

LAGRAMS
MOLPCT
77 .96

19.75
629

84.71
9.54
.75

l.Qb

37.00

93.17
tre Ug
74

9 CLAYSS

ATION COMP  THPUT DRY Ox WET 0X
PCIT ERROR MOLPCT MOLPCT MoOLPCT
/5-12 oOU ' ”30“2 “u’oOb {41“005
e1)H <00 fUD .06 .00

» 00 00 (0
iqe64 . 00 £e35 B.41 Hell

.00 .00 «UU
12 .00 «07 U7 Ny
«31 .00 «35 ¢35 35
00() 007 007 007

«U0 « 00
o ()14 .00 .05 05 05
o 4e W00 47 o 1Y) G
U0 00 «00 00

<00 <0
Te0O7 W00 403 4.00 4400
Le17 .00 €638 ot 2.40

<00 .00 « 00
00 «00

00 .00 « Q0

+U0 4,30

LU0 17

) H7

00 <00 N0

(NA+K) /AL
(FE+MI) Z (FE4MN+MG)
NAZO/ (IIA20+K20)
FILO/(FEO+FE20%)
AM/ZPL

AEVARN

- FA/0L

DIFMDX

PRED XL1Z
OLIVINE
CA~PYX
PLAG

Cp = 2l.2

MOLAR VoL (CAL/D

WT PCT MOLPCT

82.44
96.17
52.732
69.81
11.74

00U
£9,.32

TEMP
1129,
1102,
1176,

15

AR) =

T76.78
91 .62
62,90
33,71
2451
14,68
94,657

yO3607 4+

MIH-

FRAL

0
C
Z
OR
1.
(AL3)
(AN)
(e
ME
[
HL.
TH
AC
NS
K5
WQ
DI
(W0)
(END)
(FS)
HY
(1))
(FS)
oL
(FO)
(FA)
cS
MT
CMm
IL
HM
™
PF
RU
AP
FR
PY
(o

SALIC

FEMIC.

MOLE wEIGHT

PCHT

59.23
.22
.00
20.85
35,41
34,59
82
.00
.00
.00
.lS
.00
.00
.00
.00
.00
.00
.00
.00
00
.09
51
.00
.00
.00
.00
.18
.00
.10
.00
.00
.00
.()0
.00
.25
.00
.00

9187
1.13

TOTAL 100,00

PCMT

Jo.u8
2e7H
.(‘0
19,04
31,15
30.39
76

. N0

. NO
N0

« 15

« N0

. N0
N0
.00
00
.N0

. N0
N0
.00
or)q
N7
N6
.00
«00

« N0
.00
«23
«NO
.1\5
.00
.00

« N0

. N0
.00

e 33
00
N0

92.98
1.33

94,31

( .22432-04)T DEG




DLGSTIY UF EOULVALLHT LIa,

DRY AND AT 50U BARS P H20. PRED AR

OLiN bl AL 2,338 2.330 2.323 2,315 2.307 2.300 2.292

KULO=wt 1l GEOTHERMOMETLEK

XAU DY $ 920 LYY 381 LU31 cTHS LOLU 452 0 L,201
XA «HKL 928 802 f 561 787 669 . 509 324 .1892
XAL .U  .901 B4 021 751 . 597 Sy 265 142
XAL 50K .59 cHHE 024 200 $111 LUbY 024 01N

REVISED KULO=-wbkILL GEOTHERMOMETLR

T VEG C 700. 600 900, 1000. 1100. 1200. 1300. 1400.
XAL DY «90Y ¢ 951 934 887 «801 e HH7 JUEl 116
XAL +HR8 817 rASE o ThH 001 « D406 197 +11R 065
XAL 1Rz o9UY 899 873 827 152 sl «H01 « 159

NATURAL LOARLTHM GEF V1ISCOLITY OF LIQUID, AFTER SHAW {1972)

Lii VISC  31.82 27.20 24,

Lil Vil =42981lecn/T D26 K

DLISLITY SLoPL

WET  =,000070
SORY =.000070

79 @u.91 18,40 16,38 14,47 12,84

-12.8472

INTERCEPT

202989
e 394Y

MCOLE FRAC
15n0,
2.284
2.284

(] l()“
094
LNGEH
004

1500.
052
<024
. 069

11.29




LCEHIIFIOATICN FICLD REALS
FIU Td4=2¢8 GLAGS

» ®*

SPECLLS LiwPUT CATION CoMP  THPUT DRY OX VWET OX

1

TERNAKY UiAGRAMS

Al
OR

MNL
KP’

AN
AbL
OR

A

v

Sloe
T10
RO
AL2US
CReLS
FE2US
FEO
IRV
IO
MGO
CAhu
Sk
A0
WAL U
F.eu
20
He0+
H20=
S03

)

CL

|4

F
coz
OTAL
O=FCL
H20

WT PCT

30«36
34493
29.09

o4 Qc'.).l
lveIe2
l()aB?

e D3
H3487
454430

94y, ‘4':)
- Hedl

. 021

I PCY PCHT ERROR MOLPCT
7.9 71425 L00 82.03
Uo Ul <00 uOE)
.0y 00 "L 00 U0
15436 1u.72 JU00  B.47
U « 00 .00 « (0
U 14 .00 08
o SU 24 .00 27
009 007 008
00U .00 « 00
Ve 03 .00 .03
o1 » 111 T W00 47
.Uu 0 « 00
»UU .00 » 0N
4,02 7632 LU0 hozl
be80 D78 .00 3433
»Ou N0 «0u «00
U .00
Uy
00 .00 .00 .00
U 00 Hel15
Vo .00 «11
29 U0 o 85
U0 Y 00 « 00
L)’j."‘u
99,32
Yy .32

(NA+K) /AL
(FE+N) /Z (FE+MIHMG)

MOLPCT HAZO/Z (1AR204K20)
FEO/(FLO+FEROD)
71.05 AM/PL
16.07 . EMZTY
12.87 FA/OL
DIFNUX
8l.67
10.18
6015 '
PRED XL1Z
ULIVINE
52 ChA-PYX
55435 PLAG
4u,.53
cp = 21,2
9H.15 :
Legb MULAR VOL (CAL/R
041

MOLPCT

82.U0

08
80})5

<08
27
08

00O
408
00

420
5.36)

WwT PCT
99.33
97 .35
G4H.42
©0.00

«60
J.89
.00
Sh.l2

TEMP

9u3.
1077,
1194,

75

AR) =

MOLPCT

82.83
«05

BehHhb .

.04
27
0B

0O
S4B
L 0U

4o
Je30

00

MOLPCT
89.05
9U.13
76,93

D7
12.60
00
96496

MIN=
ERAL

0
C
Z
OR
PL
(AB3)
(AN)
LC
HE
KPR
HL
TH
AC
NG
KS
WO
D1
(wO)
(EN)
(FS)
HY
(Eid)
(F5)
CL
(FO)
(FA)
cS
MT
cM
1L
FiM
TH
PF
RU
AP
FRR
PY.
cC

SALIC

. FEMIC

ALY +

MOLE WLIGHT

PCNT

31.93
1.63
U0
28,92
36 (] 32

3(). 11 )

21
.00
.00
.00
.10
.00
.00
.00
-00
.00
.00
.00
.00
.00
o U4
06
39
.00
.00
.00
.00
.21
.00
U8
« 00
.00
.00
.00
.00
37
» 00
.00

98,89
1.11

TOTAL 100,00

PCNT

.01
1.47
.00
28,54
323.78
33.57
«20
N0
.00
.nO
OIU
N0
.00
«N0

« N0
.00
.00

» 00
.00

. N0
«50
)
JHY
.00
.00

« N0
00
.29
.00
.11
00
«00
.00
00

« 00
.51

« N0
.00

97.90
.42

09.32

( 25643-04)T LEG

K




DLISLTY UF EQUIVALLNT LIu. DRY ANL AT

IT DEG C 700, HU Jul, 10006,
|Uh'¢ WL T <o dHY ceolil 2352 P23
DL DY 26349 2.3841 2,532 2.323

KULO=wt [LL GEOTHLIOMETER '

XAL DKY R W21 « 893 o]
XAL JLKB 95U .10 8370 al
XA 1eKi3 « 909 o HEBY B33 46
XA S5.Kt «bbO 64 e 343 217

RLVISLYD KUUO=wE ILL GEOTHLRMOMITER

T DEG C 700, 800, 900, 1000,
XAB DKY 97 £ 901 «939 s 895
XAU obKLj -ﬁbl .{)r“(,) 07()0 : OU?Q
XAL 1.K43° «917 07 583 . 838

'-'u’t;.l ".O()UU{)‘/ E.L&]n:’)
DRY  =.000087 24103

500 .
1100,
2ed1h
2e314

e 757
«HYU0
«119

1100.
.812
965
07.65

LI} ViSC  30.03 26.05 22.7% 19,9280 17,60
LIt VISC =41507.74/7 DEG K =12.6262
DLNSITY SLOPL INTERCEPT

NATURAL LOGARLTHM GF VISCOSITY OF LIQUID, AFTLR SHAW

HARS P H20. PRFD AR
1200 1300, 1H00.
2,006 2.297 2.,28R
2.306 2,297 2.288
03U JU069 « 300
¢ D206 249 «199
U0 278 . 150
. 058 026 ,011
1200. 13600, 1400,
073 180 123
208 125 069
Q()SU C517 o168
(1972)
15,55 13.76 12.18

HOLF, FRAC
1500,
e PR
2.280

173
« 099
N72
« 004

18n0.
055
» 036
. 094

1n.78




JOLHTIFICATION FAELD READS. ..

MR 75=14
SPECLLES inPUT CATION COMP  INPUT DRY 0X WET OX MIi- MOLE WEL HT
Wl PCT  PCNT ERROR MOLPCT MOLPCT MOLPCT  ERAL PCNT PCNT
!
$I0c To 42 71.25 L00 8l.u42 82,75 82.36 Q  30.04 32,02
T1o2 W04 03 00 .03 03 05 C W45 L4
ZROZ «Uu <00 00 <00 2 <00 .00
AL203 12,79 la.ub .00 8.U3 B8.16 8.12. OR 28,07 27.89
FRQLS . L UU U0 00 . .00 PL 30,95 37 40
&Eaud W2V 1l .00 .00 .00 <03  (AB) 39,95 37 40
FEO ¢ 38 .30 0N o 34 o 34 ¢34 (AN) .00 no
MNO 0% 04 .05 .05 .05 LC .00 no
ivl10 «UU .00 L 0N ME .00 no
GO W11 15 .00 o17 W18 <18  KP .00 00
CAV ol it 7,00 W50 e51 51 HL .00 no
SRO 00 400 .00 o UV .00 TH .00 no
BAO U <00 .00 : AC .00 no
HA2U 4o 7.99 00 4,57 o BM a6l R]eS .00 no
n20 4,72 YebH1 .00 3.21 3,20 3.24 KS .00 00
Peoy .0U .00 00 D) WO .00 .N0
Hav+ .19 6 47 DI .00 no
Hi20- LUl _ (%0) .00 .00
S04 .00 <00 .00 .00 _ (EN) .00 _no
5 LUU .00 4,09 (FS) .00 no
CL LOU . .00 W00 Hy 76 aY
+ o 34 2 1.15 (E1) « 31 27
Lo2 Uy « 00 .00 s 00 . (FS) 48 56
TOTAL 10U.UYL oL .00 no
-0zF,CL ¥9,91 C(FO) .00 , 00
120 9y, 77 (FA) .00 00
WwT PCT MOLPCY CS .00 0o
TLRHARY L aAGRAMS (NA+K)/ZAL 10652 9679 MT 21 °Y
(FE4MD) Z(FE+MNHMG) 87,72 75.70 CM .00 no
WT PCT MoliPCT HA20/ (HA204K20) 483,36 5S8.73 IL .06 Ny
FEO/Z(FLO+FI203)  6%.52 80,15 HM .00 00
W 35.04 ©63.83 AN/ZPL 00 .00 TN .00 0o
AL 3035 1B.41 ENZLY  32.87 39,15 PF .00 no
' DIFHUX 97.52 98,06 AP .00 .00
FR oAby 61
W b e97 80,00 PY .00 - .00
NL 20670 11.26 ccC .00 .00
KP  10.25 7.92 :
PREND XLIZ TP SALIC 98,51 97 93
VLIVIME 973, FEMIC 1.49 1 81
AL H7.28 Hu.753 HLAG 1164, TOTAL 100.00 99 74
OR 4. l2 Gl1.27
cp = 21.2%0

A Y2.9 92.91
- DYl .01 MOLAR VOL(CAL/DAR) = 63309 4+ ( .26155-04)T De6 K
M l.l2 <eUY

T




DLESITY UF LOUIVALLHT IO, DRY AL AT S0u
I bEg C Tou, LU IVIVN 1000, 1100,
ULN AT o387 24339 2.930 2.322 2,313
DEI DRY  ce3U7 2,339 2.330 2.322 2.313
KULO=-uwE 1Ll GLUTHERMOMETER

XAL DRY P93¢ f91Y 392 I e 761
XAL +HKB 927 908 870 801 « 69U
XAB 1eRi3  +9U6 381 0533 748 620
XAL 9 K «Bbe 6D col2 W 219 121
REVISLD hUDO=WEILL GEOTHLRMOMUTER

T UVEG C 700 v00. 900, 1000. 1100.
XA DY 971 . 961 «939 » 896 816
XAR JHRU 825 L8095 759 681 «570
XAl 1.Kt3 .914 005 L6082 B39 . 769

NATURAL LUgARLTHNM OF VISCOSITY OF LIQUID

Ly V15C 29498 cbelU1  22e72 19,95 17.%9
LM OVISC =41859.90/T LEG K =12,6190
DLISITY SLOPE INTERCEPT
JLT =.000066 2.4078
DRY  =.000080 2.4078

o BARS P H20. PRFh An

VIV 1300, 1000,
2.304 2.296 2.287
2,304 2.296 2.287
s 638 480 « 315
. 530 « 359 207
ol*f)'l.‘) 0287 0157
. 060 027 011
1200. 1300, 1400.
.680 191 .129
. 219 . 130 073
. Ubb - !)?n . 17()
AFTER SHAW (1972)
7 l').f)é 1\,)074 1201(‘

pMeLE. FRAC
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94,56
el MOL AR VoL (CcaL/D
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