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A grea tor ""d::::::~ ngof the evo 1 ut I on :f-l 
shallow silicic magma systems may help 1nterpret ! 

the thermal structure of young systems associ-I I 
. ated with geothermal resources. The Twin Peaks 
; volcanic center of West-Central Utah is a small I 
scale shallow silicic magma system which produced 
four cubic kilometers of exposed volcanics. I 

: Chemical modeling of the system's evolution indi- I 
: cates that two pulses of magma gave rise to two 
separate differentiation sequences, spanning 
periods of 2.7 to 2.5 m.y. and 2.43,to 2.3? m.y. I 
A sustained heat influx from below 1S requ1red to. 
maintain the system above its solidus for periods 
exceeding 50,000 years. The resulting thermal I 
~radient in the magma chamber gives rise to 
liquid-state differentiation which produces in- . 
creasingly pronounced chemical gradients in a 
st?gnant roof zone above the convecting bulk of 
the magma. A distinct pattern of chemical 
change, characterized by increases in Si02, heavy 
rare earths, H20, Na20, and highly charged I' 

cations, and decreases in FeD, l'lg0, CaO, K20, and. 
light rare earth elements, results. The degree 
and rate of liquid-state differentiation may I. 

indicate the relative magnitude of heat flux fromi 
below, and whether heat input is continuing. f 
Chemical changes over the first sequence, span­
ning about 200,000 years, was dominated by 
liquid-state differentiation, indicating sus­
tained heat input. The second sequence spanned 
less than 100,000 years and liquid-state dif­
ferentiation was considerably less pronounced, 
suggesting a diminishing heat influx. 

I ntrodu<..:t ion 

Shallow silicic magma systems are of 
interest because of their frequent association 
with geothermal resources. The T\~i n Peaks . 
silicic volcanic center of west-central Utah 1S 
located within twenty-five kilometers of three 
known geothermal resource areas (KGRA's) in­
cluding the Roosevelt Hot Springs KGRA twenty 
kilometers to the south. Because of this proxi­
mity and the relatively young age of the rhyo­
lites, detailed studies of the gravity and heat 
flow (Carrier and Chapman, 1980), the petrology 
and geochemi stry (Crecraft et a1., 1979), and 
geochronology (Evans et al., 1980) have been con­
ducted in order to: 1) determine if the Twin 

. . .' 

Fig. 1 Generalized map of the Twin Peak~ ~rea~ 
; Utah. . • .' 

Peaks volcanism is related to these KGRA's, 2) 
determine the size and depth of the associated 
magma chamber, and 3) to delineate the chemical 
and thermal evolution of a typical shallow level 
silicic magma system. This paper concerns the 
chemical evolution of the Twin Peaks system and 
compliments the study by Carrier and Chapman 
(1980) of the gravity and heat flow. 

Geological Setting 

The Twin Peak~ area is located along the 
'eastern margin of the Basin and Range Province in 
'a region characterized by ~pisodic basa1t~ 
rhyolite volcanism. Silicic volcanism over the 

'last 6 m.y. has defined a generally south trend­
ing migration from the Thomas Range (6 m.y.) and· 

. Honeycomb Hills (4.7 m.y.) 120 kilometers north' 
of the Twin Peaks area, southward to Smelter 
Knolls (3.4 m.y.), and to the Twin Peaks Domes 
(2_.7.1:02.4 m.y.). Subsequent sili.cic vO.1.canis.IIl_. 
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,; Fi'g. 2 Major element co~centrations··in the Twin Peaks rhyolites. Open squares - early sequence; 
t, closed squares - late sequence. 

{-occurred at Roosevelt Hot Spr;ngs (0:8 - 0.5 
Im.y.), 20 kilometers to the south, and then at 
: White Mountain (0.4 m.y.) 40 Kilometers northeast; 
• of the Twin Peaks area (Nash et al., 1978). 
iGenerally contemporaneous basaltic volcanism has 
i continued to within the last thousand years. 
; 
!Petrologyand ' 
!GeOChrOn010gy of the Twin Peaks Rhyolites 

Silicic volcanism at Twin Peaks spanned a - I 

. period from 2.74 to 2.35 ~.y. and produced 4 
,cubic kilometers of exposed rhyolites, obsidians, 
,and vol canoc last i cs (Evans et a 1 ., 1980). The 
:distribution of volcanic rocks and their ages are 
given in figure 1. The Coyote Hitts rhyoZite 

: (2.7 m.y.) was the earliest unit erupted and has 
ian exposed volume of one cubic kilometer. This 
;~nit is the least silicic rhyolite ( 71% Si02)' 
I The Cudahy Mine Unit cons i sts of two cubi c 
kilometers of obsidians, felsites; and vol­
canoclastics. Obsidians have been dated at 2.4 
to 2.6 m.y., although the chemical homogeneity 
suggests these are a single unit. Obsidians are 
high in silica (75.6% 5i02). A tuff encountered 
in a drill hole about ten kilo~eters south of 
South Twin Peak is chemically coherent with, and 
believed to be cogenetic with, the Twin Peaks 
volcanics. It has 76.6% 5;02 and is considered 
to be a highly evolved member of the Cudahy Mine 
Unit. The North TWin Peak rhyoZite has been 
dated at 2.43 and 2.35 m.y. and has an exposed 

I.. 

volume of 0.4 cubic kilometers. This unit is 
chemically similar to the Coyote Hills rhyolite. 
The Mid Dome rhyo1.ite located between North and 
South Twin Peaks has a total exposed volume of 
7xlO-4 cubic kilometers. It is chemically 
intermediate to Uorth and South Twin Peak 
rhyo 1 i tes • The South Tu>in Peak rhyo 1 i te com­
prises the 0.3 cubic kilometers of South Twin 
Peak and has been dated at 2.35 m.y. It contains 
76.1.8% Si02' 

Whole Rock Chemistry 

Major element analyses are plotted against 
Rb in Fig. 2. Rubidium was selected because 1) 
it is determined with good precision and 2) for a 
given differentiation sequence, it is enriched by 
both crystal settling and liquid-state different­
iation, and thus indicates the relative degree of 
evolution. Two generally parallel but distinct 
trends are apparent. The open squares represent 
the early trend of increasing silica (2.7 to 2.5 
m.y.), consisting of the Goyote Hills, C~dahy 
Mine, and core sa~ples. The closed squares 
represent the later trend (2.43 to 2.35 m.y.), 
consisting of the :lorth Twin Peak, Mid Dome, and 
South T~lin Peak rhyolites. Distinct but genrally 
parallel paths are also indicated by trace 
elements (fig. 3), and further suggest similar 
mechanisms of control for each sequence. 
Specific differences, however, such as Lu, Mn, Y, • 
~b, ~nd_par!icularly th~ alkalis, attest to there 
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Fig. 3log-~og plot of" trace elements in -th~ Twin Peaks rhyolite. 

heing contrasting mechanisms of evolution~ ~~r 
'example in the early sequence, Na20 increases 
while K20 decreases, whereas the later sequence 
exhibits opposing trends. 

Evolution of the Twin Peaks System 

It has been de~onstrated that the pattern of 
chemical changes between the Coyote Hills rhyo­
lite and tudahy Mine Unit results primarily from 
liquid-3tate differentation in a stagnant roof 
zone, and that the chemical zonation in ihis roof -
zone forms in response to a thermal gradi ent. 
The density gradient resulting from the chemical 
zonation (primarily of water) at Twin Peaks 
greatly exceeds the density gradient required to 
arrest thermal convection. The Coyote Hills 
rhyolite is believed to represent the initial 
homogeneous and convecting magma as it was 
emplaced at a shallow level at a temperature of 
875°C. As soon as the thermal gradient 
established a small but stabilizing gradient 
subjacent to the roof, stagnation would have 
permitted develop~ent of a growing zone of 
increasingly pronounced compositional gradients, 
fed by the conxecti ngbul k of magm~ beneath thi.s __ 

:---zo'ne. The tuff, represented by the core sampl e, 
is believed to have been tapped from the very top 
of the magma chamber prior to the eruption of the 
slightly deeper, less evolved obsidians. Thus, 
the zonation in the roof zone immediately prior 
to eruption of the Cudahy Mine Unit is indicated 
by the enri chment pattern in fi gure 4, determi ned 
by the concentrations of elements in the core 
divided by concentrations in the obsidian 
s.amp 1 es • __ _ _________ '. 

This pattern is very similar -to the-enrich­
ment pattern for the Bishop Tuff (Hildreth, 1979) 
aue solely to liquid state differentation. Some 
characteristic features of liquid state 
differentiation, which are not explicable by 
estabished-mechanisms such as crystal settling, 
are the roofward increase in heavy rare earth 
elements (HREE) and decrease in light rare earths 
(LREE), and the increase in Na20 and decrease in 
K20. Enrichment of highly charged cations such 
as Th, Ta, U, and Pb and a pronounced enrichment 
of water and volatiles are also characteristic. 

Using the ~attern in figure 4 as a model for 
liguid statedifferentation at Twin Peaks, the 
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Fig. 4 Enrichment factors pattern of chemica1-
zonat,ion in the Twih Peaks magma chamber. 

"changes from Coyote Hill s to-Cudahy Hi ne magmas 
can be modeled as resulting from liquid state 
differentiation, with only minor crystal settling 
effects. Heat flow calculations predict that a 
magma chamber of the size and depth modeled by 
Carrier and Chapman (1980) would solidify in 
50,000 years. Thus, a sustaiped heat input, ' 
probably by underplating of basalt, was 'necesspry i" 

, to ma i nta in the heat and the thermal gradi ent ,I 
necessary to maintain liquid state '. 
differentiation over the 200,000 year interval ; , 
spanned by these two eruptions. 

The second sequence initiated with the ex­
trusion of the North Twin Peak rhyolite. This 
rhyolite is believed to have been a new pulse of 
magma from a comrnon, lower crusta 1 source, whi ch 
then gave rise to the second differentiation 
sequence. Quantitative modeling indicates the 
chemical changes exhibited over the first part of 
the sequence (North Twin Peak to Mid Dome 
rhyolite) were produced by settling of 10% 
plagioclase, 3% sanidine, 2.5% augite, 1% 
magnetite, and .025% zircon, and only very small 
liquid-state effects. The dominance of crystal 

,settling results largely from the more abundant 
and much larger crystals in the second sequence. 
The iron-titanium oxide temperature for the Mid 
Dome rhyolite is only 100 less than the 
temperature for the Coyote'Hi11s rhyolite, 
erupted about ,300,000 years earlier, and 
substantiates the need for sustained heat input. 
The evolution to the South Twin Peak magma again 
indicates liquid-state differentiation effects, 
which however, are less extensive than in the j: 
early sequence, and are modified by continued : 
crysta 1 sett 1 i ng. The avera 11 shorter i nterva 1 _ 
of differentiation of the second sequence and the' 
smaller degree of liquid state differentiation 
indicate that the heat input into the system was 
considerably reduced during the second sequence. 

Conclusions 

Shallow silicic systems frequently give rise 
to one. or,more cycles of increasingly evolved 
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eruptions, which typically span periods on the 
order of several hundred thousand years. In 
large systems such ,as Valles, N.M. or Long 
Valley, Ca., these may culminate in large scale 
ash eruptions. In small systems such as at Twin 
Peaks, large volume ash deposits may be lacking. 
Sustained heat input is necessary to maintain 
these systems, and produces a very characteristic 
pattern of chemical change indicated in figure 4 • 
These changes can be recognized in successive 
extrusions of an evolving system. The-degree and 
rate of development of chemical gradients may 
indicate the relative magnitude of heat flux into 
the system and whether or not development or 
maintenance of these gradients (and therefore 
heat input from a deeper level) is continuing. 
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