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The Marysvale Natural Analog Study is being conducted by the Office 
of Waste Technology Development for the U.S. Department of Energy. The 
major focus of this study is the elucidation of the mass transport of 
nuclides in a hydrothermal system associated with some uranium 
(uraninite-pyrite-fluorite) veins within quartz monzonite and granite. 
The objectives of the study include: (1) determining the nature of the 
mineralizing hydrothermal system in terms of thermal, spatial, temporal, 
and chemical parameters; (2) determining the extent of the element/fluid 
migration; and (3) identifying the geochemical and geohydrologic processes 
controlling this movement. Feasibility phase analytical results include: 
(1) the importance of identifying fractures within the host rock; (2) the 
detection of the mobility and immobility of some very important and 
extremely important radionuclides of concern; (3) the modelling of Ar 
transport will help define non-sorptive, conservative mobility parameters 
within the fractured granitic rock. 

1.0 INTRODUCTION 

The purpose of the Marysvale Natural Analog Study study is to measure 
and model mass transport associated with some hydrothermal uranium
molybdenum veins that have been deposited within epizonal granitic rocks 
(quartz monzonite and granite) near Marysvale, Utah. This natural analog 
study will help elucidate processes of mass transport which may be appli
cable to radioactive waste isolation. The study is investigating the 
spatial distribution of selected elements and their nuclides upon whole 
rock, mineral, and water samples from the study area. 

Previous geological studies in the region include work by [1, 2, 3, 
4, 101. these studies were concerned with the general geology of the 
Marysvale region, and with the mineralogy and formation of the ores. The 
Marysvale area has also been studied as a natural analog for radwaste iso
lation [5, 6, 8]. Some of the results reported here have been presented 
earlier [8, 9). 
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2.0 RESULTS TO DATE 

2.1 Oxygen and Hydrogen Stable Isotopes 

Preliminary results based on oxygen isotope data have been reported 
[7, BJ. The principle conclusion drawn from whole-rock oxygen and hydro
gen isotopic data is the high degree of control by fractures on the 
movement of the hydrothermal fluids. The a priori conceptual model 
(working hypothesis) anticipated that the main controls of the hydrologic 
regime would be large scale discontinuities, e.g. fault planes. The host 
rock between these major hydrologic features was assumed, as a first 
approximation, to behave isotropically in relation to the hydrothermal 
effects. However, the hydrothermal fluids did not behave as pervasively 
as anticipated, but were controlled by smaller scale discontinuities, 
e.g. fractures [BJ. 

The ~1BO values for plutonic rocks (quartz monzonite and granite) of the 
Marysvale study area range from +6.7 to +0.1 per mil. The initial ~1Bo 
values for quartz monzonite and local meteoric water are estimated to be 
approximately +7 and -14 per mil, respectively (Figure 1). Meteoric water 
similar to that found today is believed to have been the source for the 
hydrothermal fluids. Model calculations for apparent water/rock ratios at 
200 C range from <0.1 to -1 [10J. 
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Figure 1. 00 and olBO for water and rock samples near Marysvale, Utah. 
Rock samples show oxygen isotope shift due to equilibration 
with water similar to modern meteoric values around 
Marysvale. 

A sample containing a quartz monzonite-granite interface exhibits a 
notable depletion in 1BO in subsamples nearest to the boundary, relative 
to distal subsamples [BJ. This suggests that there was enhanced water/ 
rock interaction at the interface, either by increased fluid flow or resi
dence time, and that the hydrothermal event post-dates the emplacement of 
the quartz monzonite and granite. 
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Preliminary oxygen and hydrogen isotopic analyses have also been 
Derformed on mineral separate samples. These analyses suggest substantial 
1BO isotopic heterogeneities among minerals presumably from hydrothermal 
alteration. Equilibrium temperatures calculated from some mineral pairs 
appear to fall within the range of plutonic cooling. 

2.2 Elemental Analysis 

Whole rock and mineral samples have been analyzed for major, minor, 
and trace elements by various methods, including ICP, XRF, and INAA. 
These analyses are used to note elemental distribution within the mineral
ized hydrothermal system, and support other techniques, suck as isotopic 
analyses. Covarience analysis is being used to determine if there is any 
coupling between elements within the system. 

Of particular interest is the distribution of the Rare Earth Elements 
(REE). This group includes some elements that either themselves have 
been identified as radwaste nuclides of concern, or can proxy for such 
nuclides. The REE pattern for the quartz monzonite is typical of normal 
plutonic rocks, and explainable by usual petrologic processes. The con
ventional REE/chondrite patterns for the Marysvale quartz monzonite show 
no apparent distinction between those hydrothermally altered and unaltered 
(Figure 2). With regard to the quartz monzonite-granite contact sample 
mentioned above, each subsample pair is indistinquishable from its mate, 
although the IBO data show a marked change (Figure 3). Thus, it appears 
again that the hydrothermal event had no appreciable affect upon the REE 
pattern of typical quartz monzonite or granite, although some small amount 
of change «10%) would not be discernible. 

A parallel statement regarding hydrothermally altered and unaltered 
granite cannot be made since there are no corresponding "fresh" granite 
samples. However, REE/chondrite patterns for two subsamples from a 
granite sample containing a cross-cutting ore vein are distinctly dif-
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Figure 2. REE/Chondrite normalized data for Marysvale whole-rock 
samples. Patterns are typical of normal plutonic pro
cesses. There is no apparent effect from hydrothermal 
alteration 
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Figure 3. REE/Chondrite normalized data for 4 subsamples of an 
intrusive contact sample from Marysvale, Utah. Even 
though 5180 values for each subsample pair are markedly 
different, REE patterns are analytically indistinguishable. 

ferent from other granite samples (Figure 4). It is interesting to note 
that the subsample nearest (~1 cm) the vein (MVF~53A) shows Ree depletion 
relative to the subsample (MVF~53B) furthest (~5 cm) from the vein. 
possibly indicating leaching of REE in the granite by the hydrothermal 
fluids after an initial REE enhancement. Further, these REE/chondrite 
patterns are quite similar to those for are vein samples (Figure 5). indi
cating the influence of the mineralizing hydrothermal fluids on the 
granite near the cross-cutting vein. Ore sample MVF-ll may represent are 
deposited by fluid which had partially equilibrated with the enclosing 
plutonic rock. 
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Figure 4. REE/Chondrite normalized data for two subsamples of granite/ 
are vein contact sample. MVF-53A was ~1 cm away from vein. 
MVF-53B was ~5 cm away. Patterns indicate that hydrothermal 
fluids did not act as simple REE enrichment. Patterns are 
also markedly different from other granite samples. 
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Figure 5. REE/Chondrite normalized data for three ore samples from 
Marysvale, Utah. Patterns show marked difference 
between ore and plutonic rocks. MVF-ll may represent 
ore fluid more equilibrated with plutonic rock. 

2.3 Ar-Ar 

The 4OAr/39Ar method of age dating has been used on some selected 
hydrothermal biotite and chlorite separates from both plutonic host rock 
bodies. The results give flat and reproducible plateau ages, and suggest 
that excess argon 40 is present within the biotite phases of the quartz 
monzonite (Figure 6). The apparent excess Ar 40 may have been extracted 
from the surrounding country rocks, or due to recoil loss of 39 Ar during 
irradiation. 

Figure 6. 
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SgAr release sD~ctra for biotite from a relatively 
undisturbed (51ao = +6.7) quartz monzonite sample 
near Marysvale. Utah. Spectra may show evidence of 
excess Ar. 
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The 40Ar/39Ar biotite ages of the granite is analytically 
indistinguishable from quartz monzonite biotite ages (Figure 7). Chlorite 
sepctra from the granite are disturbed, and show evidence for excess 40Ar 
(Figure 8). Plateau minimums for granite chlorites have no apparent age 
significance. 
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Figure 7. ,gAr release spectra for biotite from a typical (0 180 = +1.3) 
granite sample near Marysvale, Utah. Even though there is no 
apparent evidence for excess Ar, plateau age is greater than 
quartz monzonite which is intruded by granite. 
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Figure 8. ,gAr release spectra for chlorite from a typical (0 180 + 1.2) 
granite sample near Marysvale, Utah. Sample shows evidence 
of excess Ar. Plateau minimum has no apparent age 
significance. 

The Ar/Ar age of biotite from a quartz monzonite sample (MVF-1) 
within a foot of a major ore vein is apparently unaffected, although there 
is some evidence of excess 40Ar (Figure 9). The non-resetting of the 
biotite indicates that the hydrothermal system was less than 300 C, the 
closure temperature for biotite. The Ar release spectra from chlorite of 
the same sample shows strong evidence of excess 40Ar' The plateau minimum 
age is similar to the reported age of mineralization (18-19 m.y.). 
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Previous age dating by others, using various standard methods, has 
shown a large spread in ages for both intrusive bodies. The new Ar/Ar 
data will result in revisions to the previously proposed chronology of 
igneous activity at Marysvale. Biotite from a relatively undisturbed 
0180 = +6.2) quartz monzonite sample (MVF-66) has been used as an internal 
monitor, with a determined age of 22.8 +/- 0.3 m.y. A new Ar/Ar applica
tion which is able to more precisely determine age differences will be 
attempted in order to distinguish the quartz monzonite and granite ages. 

Figure 9. 
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,gAr release spectra for biotite from a quartz monzonite 
sample (0 180 = + 2.3) approximately 1 foot from a major 
mineralized vein. The age is slightly greater than that 
for fresh quartz monzonite. Spectra may show evidence for 
excess Ar. 

2.4 Uranium and Thorium Disequilibrium 

Preliminary, low precision alpha spectroscopy has been used on 
selected rock samples to determine the activities of thorium 228, 230, 
232, and uranium 234, 235, 238. Based upon these data, it appears that 
the quartz monzonite host rock has experienced a preferential leaching of 
uranium over thorium within the recent past «1 million years) relative to 
the reported mineralization age of -18 million years (Cunningham et al., 
1982). The apparent disequilibrium is markedly high (Figure 10). Further 
work, using more a precise technique, is planned. 

2.5 Rb-Sr 

Rb and Sr isotopic compositions have been determined for selected 
quartz monzonite and granite whole-rock samples. Both data sets have been 
plotted on Sr-evolution diagrams (Figures 11 and 12). 

The Rb-Sr data for the quartz monzonite shows that the rock has been 
variably disturbed in terms of Rb-Sr systematics. The "isochron age" 
obtained (28.2 +/- 5.6 m.y.)has a linear regression correlation coeffi
cient (0.8943) insufficient to allow age significance to be applied to a 
best fit line. This may be due to the relatively small range in 87Sr /86Sr 
ratios (-0.7-1.4). It is anticipated that planned mineral separate Rb-Sr 
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Figure 10. Ternary activity diagram for activity ratios from Table 2b 
for Marysvale samples. These preliminary values show 
evidence for marked U-Th disequilibrium in the recent past 
«1 million yrs). Typical values plot within central 
triangle. 

analysis of biotite, K-feldspar, and plagioclase will allow meaningful age 
dating by this technique. The preliminary Rb-Sr "age" obtained is sig
nificantly higher than the Ar/Ar age. If Rb-Sr whole-rock and mineral 
separate systematics continue to give an age older than the Ar/Ar age, 
this would imply that (1) there is a significant difference between the 
"cooling" ages of RB/Sr and Ar/Ar for the Marysvale quartz monzonite, or 
(2) the quartz monzonite has either lost Rb or gained radiogenic from the 
quartz monzonite "isochron" (0.705393 +/- 0.000089) may indicate some 
degree of crustal contamination. 

The granite whole-rock Rb-Sr data gives an apparently significant 
(r=0.9969) "age" of 35.3 +/- 1.2 m.y. and an initial 87Sr/86Sr value of 
0.705274 +/- 0.000104. The apparent "age" of the granite is markedly 
higher than that of the quartz monzonite, and is therefore not geologi
cally significant, since the granite is known to cross-cut and intrude 
into the quartz monzonite. The granite is ubiquitously altered, and 
therefore likely to have had its Rb-Sr isotopic composition disturbed. 
This disturbance is possibly responsible for the apparent isochron. 

The initial isotopic Sr values of the quartz monzonite and granite 
are analytically indistinquishable, and support the hypothesis that the 
two intrusives are consanguineous. 
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Figure 11. Whole-rock Rb-Sr "isochron" of the quartz monzonite central 
intrusive near Marysvale, Utah. The samples have been 
variably disturbed giving a correlation coefficient too low 
to allow age significance to be applied to the slope of the 
line. 
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Figure 12. Whole-rock Rb-Sr "isochron" of fine grained granite near 
Marysvale, Utah. Even though the correlation coefficient 
might allow time significance to be placed on the slope 
of the line, the age derived is too old based on Ar/Ar 
and field relationships. 

Further study of these initial isotopic Sr values may help 
elucidate the nature of possible mass transport processes. 

Whole-rock granite 87Sr /86Sr and l/Sr data appear to lend themselves 
to a double-mixing model (Figure 13). The data suggest that a water/rock 
interaction of relatively radiogenic 87Sr rich hydrothermal water with 
granite is superimposed on an earlier, non-hydrothermal "petrologic" mix
ing trend. The petrologic mixing may be due to deuteric, second boiling 
processes, or subliquidus assimulation and mixing of xenolithic material. 
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Figure 13. Whole-rock 87Sr/8'Sr and l/Sr mixing lines for fine grained 
granite near Marysvale, Utah. Fitting of two mixing lines 
through data suggest that there may be a mixing of rela
tively radiogenic Sr rich water with granite (hydrothermal 
dilution), superimposed on a previous, non-hydrothermal 
mixing trend (petrologic mixing). 

3.0 CONCLUSIONS 

3.1 Major Findings 

- hydrothermal fluids highly controlled by fractures (not just 
large scale faults). 

- 180 distribution is heterogenious down to the meter scale. 

- 180 distribution is heterogenious among various minerals due 
to hydrothermal alteration. 

- REE were apparently immobile during hydrothermal event except 
in proximity (-1 cm) to veins. 

- REE patterns for ore samples are distinct from granitic rocks. 

- ore fluid REE pattern apparently superimposed on rock REE 
pattern close to veins. 

- excess Ar present in measured phases may be an effective 
tracer of fluids through quartz monzonite. 

- new Ar ages will result in revisions to the previously 
proposed chronology of igneous activity at Marysvale. 

- Ar spectra plateaus apparently unaffected even in proximity to 
veins «0.3 m). 

- non-resetting of biotite Ar ages indicates fluids <300 C. 
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- preliminary U and Th activity measurements indicate marked 
disequilibrium. 

- there has been apparent leaching of U within the recent past 
(<1 million years). 

- Rb-Sr systematics disturbed by hydrothermal event. 

- Rb-Sr ages are significantly higher than Ar/Ar ages. 

- (B7Sr /86Sr )0 values for the quartz monzonite and granite 
indicate that they are consanguineous. 

- relatively high (B7Sr /86Sr }0 values may further indicate 
crustal contamination. 

- a double-mixing model may explain isotopic and chemical Sr 
data, where hydrothermal water/rock interaction trend is superimposed on a 
non-hydrothermal mixing trend. 

3.2 Applicability to Radioactive Waste Isolation 

- isotopic and chemical data point out the importance of 
identifying fracturing within the repository host rock. 

- REE data indicates that, depending on the waste form used, 
some very important radionuclides o~ concern (Sm, Eu, Cm[Nd], and Am[Ndl) 
may be relatively immobile. 

- modeling of Ar transport will help define non-sorptive, 
conservative mobility parameters within fractured granitic rock. 

- U and Th disequilibrium data indicate the remobilization of U 
in oxidizing environments. 

- Rb-Sr data show that some extremely important radionuclides of 
concern (Sr, Ra[SrJ, and Cs[Rb)} will be affected by hydrothermal 
processes, and allow for the possibility to model this disturbance. 
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