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LOW TEMPERATURE HYDROTHERMAL ALTERATION OF 
THE RAFT RIVER GEOTHERMAL AREA, IDAHO 

INTRODUCTION 

Many studies have been done recently on the hydrothermal alteration asso

ciated with high temperature geothermal systems such as Wairakei (Coombs and others, 

1959), Roosevelt Hot Springs, Utah (Ballantyne and Parry, 1978), and Broadlands, 

New Zealand (Browne and Ellis, 1970). Alteration studies of low to moderate 

temperature geothermal systems are sparse, presumably due to their lesser economic 

importance. The present study attempts to characterize the alteration at one such 

geothermal system: the Raft River geothermal area. X-ray diffraction techniques 

were used to identify alteration minerals from samples of six of the deep geo-

thermal wells drilled at Raft River. 

LOCATION AND GENERAL GEOLOGY 

The Raft River valley lies south of the Snake River plain in Cassia County, 

Idaho. The Raft River valley is a north-trending, down-faulted basin which is 

approximately 60 km long and 20 km wide. Seven deep wells have been drilled near 

the western edge of the valley to evaluate the geothermal potential (figure 1). 

Tertiary clastic and volcaniclastic sediments and tuffs of the Salt Lake 

Formation overlie a Precambrian metamorphic complex within the Raft River basin 

(Devine and Bonnichsen, 1979). The Salt Lake Formation is 1600 m thick and is 

predominantly composed of gray to green tuffaceous siltstone and sandstone, minor 

claystone, conglomerate, tuffs, and minor rhyolite flows. The sediments are 

poorly sorted and contain highly angular detrital grains which suggests rapid 
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deposition of the sediments. Rock fragments in the Salt Lake Formation suggest 

that the source area for the sediments is the surrounding mountain ranges. (Devine 

and Bonnichsen, 1979). 

The Precambrian metamorphic rocks which underlie the Salt Lake Formation have 

been equated by Covington (1977a, 1977b, 1977c, 1977d, 1978, 1979a, 1979b, 1979c) 

to the metamorphic rocks exposed in the nearby Albion and Raft River ranges. 

Quartzite, muscovite schist, biotite, schist, muscovite biotite schist, and 

massive quartzo-feldspathic gneiss are the predominant metamorphic lithologies 

(Compton, 1972). 

ANALYTICAL PROCEDURE 

Well cuttings qnd a small amount of core from six deep geothermal wells 

from Raft River were analyzed using X-ray diffraction techniques. Samples chosen 

for analysis were based on lithological differences expressed by grain size, color, 

fissility, and mineralogy of the well cuttings. Sample intervals ranged from 10 to 

30 feet, which corresponded to the sampling interval originally collected at 

the drill site. 

After the samples were picked for analysis in the lab, they were split and 

crushed. Two seperate slides were prepared for each sample interval: a powdered 

slide made from the pulverized cuttings, and a sedimented slide. The sedimented 

slide was prepared by seperating colloidal size minerals from the coarser grains 

in water agitated by ultrasonic vibrations. After the agitation process, the 

colloidal size minerals are pipetted on a glass slide and allowed to dry. This 

procedure aids in the identification of clay minerals as it imparts a preferred 

orientation to the planar minerals and enhances peak height. 

All of the samples were analyzed with a Siemens (type F) X-ray diffractometer 

and recording chart. Relative peak heights were used to give a semi-quantitative 
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estimate of amounts of individual minerals present in the sample. A machine 

setting of 35 kv and 18 rna with a time constant of one second was used on all 

samples. The slides were scanned at a rate of one degree per one inch per one 

minute (1°/1"/1 min.) over a range of 2 - 32° 26. 
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Four scans were done for each sample set following the procedure of Carroll 

(1970). The powdered and sedimented were scanned initially and recorded on seperate 

charts. The sedimented slide is then glycolated by placing the slide in a desicca

tor containing ethylene glycol and heated to 40°C for one hour. Glycolation shifts 

peaks for certain clay l:1inerals (notably montmorillonite) and aids in the interpre

tation of the pattern. The glycolated slide is then scanned and plotted on the 

sedimented slide chart in a different color. Next, the sedimented slide is heated 

to 600°C for one hour. This process destroys some clay minerals (kaolinite, mont

morillonite) which eliminates their characteristic peaks. This scan is also super

imposed on the sedimented chart which allows for quick interpretation after the 

scans are completed (Figure 2). 

HYDROTHERMAL ALTERATION 

The geothermal water at Raft River is believed to be associated with a local

ized heat source caused by the insulating effect of the Salt Lake Formation sedi

ments in an area of anomalous heat flow (Applegate and Donaldson, 1977). Faults 

at the western edge of the Raft River basin serve as conduits for the upward move

ment of the hot water into the Salt Lake Formation sediments. The interaction of 

the hot water with the sediments (and the underlying metamorphics) caused the hydro

thermal alteration observed at Raft River. 

Several factors control the extent and intensity of the hydrothermal altera

tion (Browne and Ellis, 1970): temperature of the water, permeability and porosity 

of the rock, composition of the rock, composition of the water, pressure, and time 

for reaction to take place. Of these, the first three are the most important. 
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Figure 2. Effect of glycolation and heat on montmorillonite peak (left) and kaolinite 
(rigllt). Horizontal scale is in degrees 20. 
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The most intense zones of alteration at Raft River presumably would form near the 

faults that served as the conduits for the geothermal water. As the water traveled 

into the aquifers, it would mix with cooler ground water decreasing the intensity 

of alteration. 

The geothermal water at Raft River has a pH of 7.0-7.6, and a maximum tempera

ture of 150 0 in RRGE-3 (Allen and others, 1979). Production ranges from a low of 

57l/min. in RRGP-4 to a high of 4739 l/min. in RRGE-l. Water composition ranges 

from 1161-6330 ~g/ml total dissolved solids, most of which is Na+ and Cl-. Com

pared to other geothermal systems, the water at Raft River has a fairly low salinity 

and apparently is not a major factor in the hydrothermal alteration. 

Several different alteration reactions are interpreted to have taken place 

at Raft River based on the original composition of the sediments. Ashy volcanic 

detritus is abundant throughout the sediments. The volcanic glass is extremely 

unstable when exposed to hot water, and will react quickly to form clay minerals 

(Steiner, 1963). The first clay mineral to form from the silicic glass would be 

montmorillonite, which grades into a mixed layer montmorillonite clay and then 

illite at higher temperature. Devine and Bonnichsen (1979) report numerous examples 

of the alteration of the ash to clay in their study of the thin section petrography 

of the Salt Lake Formation sediments. Volcanic ash also commonly reacts to form 

the zeolite analcime during hydrothermal alteration (Coombs and others, 1959). 

Alteration of the primary clays within the sediments is also very common. 

Montmorillonite would be the most common clay mineral present in a soda or alkaline 

lake environment (Pettijohn, 1957), such as the Great Salt Lake. Minor amounts 

of illite may have also been primary. The primary montmorillonite would first 

react to form illite and possibly kaolinite at higher temperatures. 

Feldspars ar~ unstable in the presence of hot water and commonly alter to 

calcite and sericite. Devine and 60nnichsen (1979) report that this is quite common 



in the thin sections from Raft River. This alteration can be explained by the 

simple hydrolysis reaction for orthoclase: 

orth. musc. 
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A similar reaction can be written for plagioclase if some excess potassium 

is available (possibly from the above reaction if both feldspars are present). 

Ca++ would be one of the reaction products which would combine with C02 in the water 

to form calcite. 

Ca and Al released by the alteration of plagioclase can also react to form 

zeolites. Zeolites commonly occur in veins with calcite in the sediments (Devine 

and Bonnichsen, 1979) and several different species have been identified with the 

X-ray unit. 

The metamorphic rocks which underlie the sediments have also undergone hydro

thermal alteration even though their porosity and permeability are significantly 

different. Clay minerals, zeolites, and chlorite are present in the cuttings and 

apparently form from the alteration of feldspars and biotite. 

Some of the reactions described above may have also taken place during dia

genesis. It is impossible at this stage to differentiate between purely hydrother

mal reactions and diagenetic processes. In dealing with temperatures of alteration 

this low, the difference may only be in semantics. 

AL TERATION MINERALOGY 

A number of minerals have been identified using the X-ray diffractometer which 

are interpreted to be hydrothermal alteration minerals. The alteration minerals 

are plotted with the lithologic data from Covington in the appendix. 
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Layer Sil icates 

Montmorillonite is the most abundant clay mineral identified from'drill 

cuttings from the Raft River geothermal 'liells. ~1ontmoril1onite is a 3-layer clay 

mineral with a formula that can be expressed as A14(Si40l0)2(OH)4' Mg, Fe, and Ca 

co~monly substitute in the octahedral layer. It is found in all of the lithologies 

of the Salt Lake Formation, but is most abundant in the tuffs and tuffaceous silt-

stones and sandstones. There is no apparent change in the abundance of mont~or-

illonite "lith depth. Montmorillonite is rarely found in the metamorphic rocks that 

underlie the Salt Lake Formation sediments. 

Other clay minerals commonly found in the sediments are illite [3-layer, KO_2A14 

(SilSA10_2)020(OH)4] and kaolinite [2-layer, A14Si40l0(OH)g]. Both of these minerals 

are found in most of the sedimentary lithologies as well as the underlying metamor

phics. The abundance of kaolinite and illite generally shows no relation to depth 

except in RRGP-4, where the abundance increases significantly between 4000-5000 feet 

(see appendix). The distribution of illite is fairly constant in all of the holes 

(except for the 4000-5000 foot interval of RRGP-4), while kaolinite apparently is 

much more abundant in RRGP-4. Mixed layer clays have also been identified, but are 

not very abundant. 

Chlorite and muscovite are also present in many of the samples. Secondary 

muscovite forms from the alteration cf the feldspars and chlorite commonly forms 

as an alteration product of biotite. 

Zeolites 

The most abundant zeolite mineral found in the samples is analcime (Na/~lSi20b 

-H20). Chabazite, CaAl2Si40126H20, and clinoptilolite, (Na, K, Ca)2_3A13(Al, S1)2 

Laumonite, CaA12SidOl~4H?O, has 
, '-

been tentatively identified in two samples. The zeolites show no relation to depth 

in the holes and do not appear to be related to specific rock types. Devine and 
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Bonnichsen (1979) have identified secondary calcite and zeolite veins from the 

thin sections of the Salt Lake Formation. The zeolites also occur in the metamor

phic lithologies. This imples that the formation of the zeolites is due at least 

in part to hydrothermal alteration and not entirely as the result of diagenesis, 

as Devine and Bonnichsen have indicated. 

Calcite 

Calcite occurs as primary cement in the sediments and as an alteration mineral 

in many of the samples. It occurs as an alteration product of the feldspars and 

in secondary veins with zeolites. Calcite has almost completely replaced the ori

ginal rock in some cases, and the modal amount of calcite increases with depth 

(Devine and Bonnichsen, 1979}. 

DISCUSSION 

The alteration mineral assemblage at Raft River is similar to the minerals 

present in the low temperature zones of higher temperature geothermal systems. 

At Wairakei, New Zealand, felsic pyroclastic rocks exhibit a distinct zonation of 

the hydrothermal alteration minerals related to increasing down-hole temperature 

of low salinity geothermal water (Coombs and others, 1979). Montmorillonite and 

chlorite are present between 100°C-150°C, and mordenite, a low temperature zeolite, 

is present between temperatures of 130°C-155°C. At Salton Sea, California, highly 

saline geothermal water has hydrothermally altered upper Cenozoic sediments in a 

zoned pattern. Montmorillonite is present at temperatures below 100°C, but is con

verted to illite at 100°C (Muffler and White, 1969). A mixed layer montmorillonite

illite mineral also forms about 100°C. Chlorite first appears at 150° and appar

ently forms as a reaction product of montmorillonite or kaolinite. 

The comparison of Raft River to Wairakei and Salton Sea is significant because 

the Salt Lake Formation at Raft River can be considered a combination of the felsic 

volcanic rocks at Wairakei and the sediments at Salton Sea. The similarities of 
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mineral assemblages between the three geothermal systems at 150 0 suggest that mont

morillonite, illite, and low-temperature zeolite (~ kaolinite) form an equilibrium 

mineral assemblage for this temperature and rock composition. The studies at Salton 

indicate that K-feldspar, K-mica, chlorite, and higher temperature zeolites (i.e., 

Wairkite) are present at higher temperatures. 

One aspect of the hydrothermal alteration that deserves consideration is the 

effect of the alteration on the porosity and permeability of the host rocks. As 

mentioned above, the production zone of RRGP-4 (4000-5000 feet) appeared to be the 

most intensely altered zone (high content of clay minerals kaolinite and illite) 

at Raft River. Pump tests show that RRGP-4 could produce only 57 l/min., while 

RRGE-l, RRGE-2, and RRGP-5 produce over 2000 l/min. This suggests that intensive 

alteration of the rocks to clay minerals can greatly decrease the porosity and perm

eability, both in the sediments and in the fractured metamorphic rocks. Applegate 

and Moens (1980) have shown by cross-plotting geophysical well log parameters that 

the lack of production from RRGP-4 was the result of a lack of fracturing in the 

metamorphics coupled with alteration (porosity decrease) in the seJiments. 

SUMMARY AND CONCLUSIONS 

Clay minerals,zeolites, and calcite have formed at Raft River from the hydro

thermal alteration of clastic and volcaniclastic sediments by geothermal water in 

the range of 100°-150°C. Kaolinite is the clay mineral most abundant in the most 

intensively altered zones, but montmorillonite is most abundant overall. The amount 

of alteration can affect porosity and permeability of the country rocks, and more 

importantly, the economics of the geothermal resource. The alteration mineral 

assemblage should serve as an aid for exploration for other low temperature geothermal 

resources in similar geologic terrains. 
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APPENDIX 

PLOT OF ALTERATION MINERALOGY 1'1ITH LITHOLOGY* 

Abbreviations of Abbreviations of 
Alteration Minerals Alteration Intensities 

~'m montnori 11 oni te Vs very strong 

K kao 1 i nite S strong 

I ill i te Ms moderate to strong 

Z zeolites M moderate 

Cc ca 1 cite Wm weak to moderate 

Cl chlorite W weak 

~11 mixed layer clay 

KEY TO LITHOLOGIC SYMBOLS 

CEJ······ ...... " ..... . 
:.~.:.:.:.:. : 

8"-' ._._0 
___ 0_-

conglomera te 

sandstone 

s11 tstone 

tuff 

--- ,.... ,...,. "-- --- ,... _ ........ -

Abbreviations of 
Litho 1 cgi es 

congl. conglomerate 

1. s. 1 imestone 

monz. monzonite 

qzt. quartzite 

rhy. rhyolite 

5.5. sandstone 

5i s t. siltstone 

schist 

quartzi te 

quartz monzonite 

*Lithologic interpretation condensed from Covington (1977-1979) 
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interbeds, tan si., tuff., 
non to slight calc., green
gray s., tuff, slightly 
calc., scattered pebl. of Tsj 
Grav. & s. of Tsj, tuff. & 
qzt., clayey calc. matrix wi 
cal. & biot. flakes 

Interbedded cl., si., & s., 
gray to gray-green calc., 
tuff., scattered pebl. of Tsj 
tuff, qzt. 

S. & grav., primarily qzt., 
minor Tsj & tuff. pyr & biot. 

Si. & s., gray, tuff., calc. 
scattered pebl. of Tsj, tuff, 
qzt. & l.s., pyr. & cal. 

Magnetite below 2,120 ft. 

Sist., gray-green, tuff., 
sili. 

Si, s. & grav. interbedded, 
green, calc., tuff., grav. 
is T~j, tuff, qzt & l.s. 



W-MI '-' V.-. 
:-: :.: :-: :-: 'J 
-v- '-'-

W-CI,W-K ·· .. ··V· .. ··· '. ::.:. ~:V: 
S-Mm S-I M-K, S-Cc " - v -.- -

" "00000 
W-CI,M-K :-::-::.:v:·; 

W-CI,M-K 

S-CI,S-K 

v·_·-·
-'V'- . 
OOOo.~ ....... ... ~ ..... -............ .... 
'_.-.-
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. _._.-
1-0-._---

3500 Sis t , tan, c a I c . 
S-CI 

M-Cl,W-K 

S-Cl,Ms-Ml 

S-CI,Ms-Ml 

S-CI,M-MI 

M-Mm,M-CI,S-K,M-Cc 

Wm-CI 

W-Cl,M-K 

M-CI 

W-CI,W-K 

Wm-CI,M-K 

M-CI,M-K 

W-K 

W-CI 

W-K 

._.-.---v-v-·_·-
SSSSSS 
SSSSSS 
_·v·_·- -4000 - ._.\1.-
:-::-: 0::. :-:c 
:.::.::: :-~:~:: 
:-: :·:0 :-: 0 
:,'.0 :.: :.'. :.: 
:.: ::. 0:-: 0'· 
'V-'-' 
:-: :.: 0:-: :.' 

~ 

VyVYV 

~v'(,'(~ 
:-'.:-. V.:·: :.~ - 4500 
:.: S :-:5 :.:::: . 
V:': :.: :.: :.: 
:.: :-: V:·: :-: 
:-: :-: :.: v:·-

5000 

6000 

Sist., green, tuff., pyr., 
minor Tsj, & qzt. pebl. 
S.s., f. tom.g., sub-well 
rounded, minor tuff., sisto 
beds & scattered pebl. of Tsj, 
tuff, & qzt., pyr. 
Alt. tan & It. green calc. 
& tuff. wi pyr. & sili. zone 
from 3,920 to 3,980ft. 

S.s., abundant micas, scattered 
pebl. of qzt. & l.s., thin 
tuff. sisto beds, cal. flakes 
& abundant pyr. 

Sili. sist., minor pyr. 
Calc. tuff, dk. brown to 
abundant cal. & qz. xIs, 
frac., minor pyr. 

gray, 

S.s., tuff., sili. zones, 
abundant pyr.,cal., & qz. xIs 
SCHIST OF UPPER NARROWS 
Dk. gray qzt. & biot. schist, 
abundant magnetite. 
ELBA QZT. 
Qzt., clean, clear to white 
gray, trace of felds. 

QZ. MONZ. 

Gneissic, It. greenish gray. 
white to clear qz. & felds., 
black to green chl. boit. 

ChI. Schist, dk. green to 
brownish black 
Gneissic, It. greenish-gray, 
white to clear qz. & black 
to green chI. boit. 



S-Mm,M-I,W-K,Z,M-Cc 

W-Mm,W-I,M-K,M-Cc,Cl 

S-Mm,W-I,W-K,Z,M-Cc 

•• - ... # -: .. : ... . . . .. .. . .. . ... ................... 

. . .. .. .. .. .. .. .. .. ' ... " .... " ...... .. 
.. ...... .. .. -.... .. 

-1000 

.. " ' .. ' ............. " .. 
,-"-.,",, 

"'V"'Y"f'J 
,,···0····'0:· -
'0" v·~., v:·: ..... 
vv v Vv 
vv yYV 

V V V V" 
Y V:': VV 
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S.s., It. gray, slightly calc., 
75% qz. & felds, 15% rhy., 
5% tuff, 2% bait., 2% pYr., 
trace musc. & magnetite 
S.s. It. gray, tuff., calc, 
f.g., 50% tuff, 45% qz. & 
felds, 5% rhy. 

Congl. & s.s., gray calc., 
minor tuff. congl. clasts 
of rhy. in a qz. s. matrix. 
c. s.s., angular to sub rounded 
g. of qz. & rhy. 

S.s., gray to grayish brown, 
alt. calc. to non-calc., 
& tuff. wi thin interbeds 
of rhy. pebl. congl. 

S.s, qz. brown to gray tuff., 
calc, m.g. 
Tuff., brown, calc, silty 
to sandy. 
S.s., qz., brown to gray, 
tuff., calc., c. to m.g. 

\lvV'VV 
V V V VV -3500 

VvvvV 
V v V 'IV 
V V V:·:V 
VV VVV 
VV vvv 
VY VVV 

eo" ",' eo .," .. , 

'1 ~:? ~~ 
\IVv' :.: VV 
.....• V' . 
.- ••..• ', "'V' 
:. '"" 0 : ... :''". 

Tuff., greenish gray, slight-
ly calc., silty to sandy, 
wi scattered pebl. of rhy. 

-4000 

& qzt. 
S.s., qz., It. gray, calc., 
m. g. 
Congl., qz., qzt., & rhy. clast 
wi a f.g., It. gray, cal.c 
s. matrix 



S-Mm,W-I,M-K, 
Z,M-Cc,C1 

S-Mm,M-!,M-K, 
M-Cc,M-C1 

S-Mm,W-I,M-K, 
M-Cc,M-C1 

S-Mm,S-I,M-K,M-Cc 

S-Mm,S-I,Wm-K, 
M-Cc 

W-Mm,S-I,M-K,M-Cc 

:-: :.: v v,,: 
vv:·:V,,:,: 
V'lvy v -
VI/OVI/ 

... : : ... :.: :':':,.~ -
V V 1/ V" 
_._._. 
:.: : ... :.: :.: :.: 

-------------------------, 

19 

R.RGE-3 

S.s., wI interbeds of tuff, 
si, & cong1. 
S.s., qz., It. gray, & 
calc. wI abundant musc . 
Tuff., alt. 1t. brown & 1t. 
green laminae, calc. 
S.s., qz., brown to gray, 
calc. tuff, & tan, calc. 
sisto wI qzt. peb1. 

\J,/VVV -4500 Alt. tan sist., & green 

~.~~'}~ - tuff, calc 
S • s . , qz, tan & calc. 

VVVVVV 
VVYvvv 

._. _.- ._-_ . 
.. _._. 
vvv\i'l/ 
--_.- . . __ ........ -
- -_._ . 
.. --_.-
:-··v '.': :-·.V· 
i'V\Iv v~v _._._. 
"'y'" '.:\1 
v .. .. ,:i :.:" 

"" v .... 

"- ---,;;: 
~Z~----J.~'(-2.{. ~~ '\ 

S. s • , q z . , tan, calc. 

Sist., tan & calc. 

Tuff., 1t. green, si1i., 
abundant pyre 

~500&ist., tan & calc. wI scattered 
pyre & thin qz. S. interbeds 
S.s., gray, calc., tuff., 
f.g. wI cal. flakes 
Tuff., 1t. green, calc. top, 
si1i. bottom, abundant pyre 
Sist., tan to brown, calc., 
scattered pyre & cal flakes 
S.s., white to 1t. green, 
tuff., slightly calc. 

_ 550~ZT. OF YOST., white 
Schistose lenses of silvery 
to green micas 
SCHIST of the UPPER NARROWS, 
qtz-boit-musc, abundant 
pyre & magnetite 
ELBA QZT., white to green 
wI musc. on bedding surf. 
OLDER SCHIST., boit.-ch1-
musc.-qzt., brown, abundant 
magnetite 
QZ. MONZ., 40% ~qz., 40% fe1ds., 
20% boit. & ch1., greenish 
gray wI minor pyre & magnetite 



W-K 

W-Mm 

W-Mm,M-I,S-K,Z,W-Cl 

Wm-K,M-Cc, W-Cl 
Ms-I,Vs-K,S-Cl 
W-Mm 
M-Mm,W-I,W-K,M-Cc 
W-Mm,W-I,W-K,M-Cc 
W-Mm,W-K,Z,W-Cc 
W-Mm,W-K 
S-Mm,W-I,W-K,M-Cc 

W-I,W-K,W-Cc 

W-Mm,W-I,M-K,~-Cc,W-Cl 

M-Mm,W-I,M-K,Z,W-Cc 

M-Mm,M-I,M-K,Z 

M-Mm,M-I,W-K,S-Cc,W-Cl 

W-Mm,M-I,S-Cc 
W-I,W-K,Z 

M-I,S-K,Z 
M-Mm,M-I,W-K.S-Cc 

S-Mm,W-I,W-K,Z,M-Cc 
S-Mm,Z,W-Cc 
M-Mm,W-I,S-K,Z,M-Cc,W-Cl 
W-Mm,M-K,Z,M-Cc,W-Cl 
W-Mm,M-K,Z,M-Cl 

S-K, Z, W-Cl 

W-Mm,W-I,S-K,M-Cl 

S-K,Z, W-Cl 

S-K,Z,W-Cl 
W-Mn,M-I,S-K,W-Cc 

S-K,Z,W-Cl 

M-K 

W- I ,M-K, W-Cc, W-Cl 
W-I,M-K,Z,W-Cl 
S-I,M-K,W-Cl 
S-I ,M-K, W-Cl 
S-I,M-K,W-Cl 

W-I ,M-K, W-Cl 

....... : .... : - 2000 
:.:. ,i -:.:' .:.-: :.: 
·.··.·.·::··.0:·: -
::.0 ::." ::. 
·v-·--- _ .... " ..... 
,::$, '1.- ~:':I 
.·.V.··V.·.'f-
-V-·v-· 
V:-: V:-: V: 
................ " .......... 
::: .. ~:::~: 
:-: V:-·. v :-: ................... .......... 
V·.·V·.·V· 
................ .. 
........ 0 ................. .. 

:-: ::.:--. :.: : .. 
: .. : ::"" ::. :.:" .. : .................. .. .. .. .. .. .. .. .. .. .. "" .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. "" .......... .. 
:.:" .. :::.::.: .................. 

.. eo ....... " .......... _._0-................. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . _._ . 

-2500 

RRGP-4 

S.s., sist., It green, tuff, 
partly sili., micas. 
S.s., gray-green, c.g. 
S.s., tan-green, m.g., wi 
micas, tuff. 
S.s., c.g., calc. wi micas • 
S.s., tan, m.g., micaceous. 

S.s., gray-green, f.g.-c.g., 
micaceous • 

20 

.. .... .. .. .. .. .. .. .. .. .. .. .. .. .................. 
" .. " "." " .. " ".'" .. ,," .. .. .. .... ...... .. .. 

- 3000 S. s., gray-green, micaceous, 
f.g.-c.g . .- ._..................... .......... .. .. .. .. .. .... "" .. 

. '1._,_ ..... 

S.s., gray-green, f.g.-c.g., 
calc., micaceous, wi analcite 

S.s. & sist., gray-green, 
tuff., mica, calc., partly sili. 

Sist., gray, micaceous, calc . 

.. _v-:-.~.- -3500 Si_s~., It. green, tuff. _._._. 
-v--s·- _ 
. -~-.".-_._._. 
v·-v- .y 
."._$--'1 -'S---'''. _._.-.-
-5-· v·y- -
-v-· s·-~ 
V·-S-·v· 

Sist, gray to tan micaceous, 
calc. 

v·- S-·,,· .-5- S _. -4000 Sist., It. gray-green to white, 
S·-S-·CS tuff., slightly calc. 
·-v---· 
-v·s·-·--
-v-·-fj- -
V·-~-·V 

-v-·y·-
-.~·-·v· 
._._--
S·- ~-.v 
s-·-· -.;.-
_ y-. -5-- - 4500 
S-v·--s-. - .-. 

,..... .. ......:.~ .. 
::~ .. ~.: -
• ,:r-... ......... --:--. 

::r~S~;D = 
:.+'(:·.D -~OOO 

QZT. of YOST; 40% qz., 50% green, 
black,white micas, 5% felds . 
SCHIST of UPPER NARROWS 
qz. schist, micas wi qzt. 

ELBA QZT; 5-10% felds. wi 
interbedded schist. 
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W-Mm,W-r,M-K QZ. MONZ. 

w-r,W-K,W-Cc,W-Cl 

W-I,W-K,W-Cc,W-Cl 

w-r,W-K,W-Cl 



W-Mm 
W-Mm, W-I ,M-Cc 
Ms-Mm,S-I,Wm-Cc,W-CI 

Wm-Mm,W-I,Wm-K,Z,W-CI 
W-Mm,Wm-I 
S-Mm,Ms-I,W-K,M-CI 

S-Mm 
S-Mm,W-I,W-K,M-CI,Z 

S-Mm,Wm-I,W-K 

S-Mm,W-I,W-K,Z,W-Cc 

Wm-K,Z,M-CI 

Wm-K,Z,M-CI 

W-Mro,Wm-I,Wm-K,z,W-CI 

W-Mm, Z, W-Cc 

-500 

_1000 

-1500 
I-.~ .• ~.~.~.~.~.~ ..... . -............... .. 
:.: 0:'::': ..... -
:.'.:-::.:0:,: 
..................... .... . -......... ". -
....................... ...... ... .... .... ... 

...... " ........ . _" .. _.. , . 

. -,,_. - --, - ",,_. 
5-·",-5 

._._. -2000 
:.. -:-~ V-'.-= 
;::.?~.+~:.~ -
:.: :.: v:·:"; 
,,:': :.: ,,:-:: -
'.' V:': :-:v: 
V:': :': s:-::-· 
~.~ :::.'~ :':. :::.~ -..... .... .. " ......... . 
" ',' ',' v'.': 
._.- .-
."-'- .
·-v-·v-.... v··,·V 
:::. :' V .. :~: : ;;. . ...... v-·· '.' :.:..::, .:...:v: 
v· -v-.v 
_.¥ ·-v-· 
-_.-.-_._.- .. 

--_.- .. 
v--v - ·v 
s--s-~s -- s -' S' -
S-·-5-·-

-2500 

-3000 
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5.5., c.g., poorly consol., qz., 
felds, qz. monz., l.s., clasts 
Sist., tan to gray, calc., 
micaceous, & sandy 
Sist., It. gray-green, tuff., 
micas, sandy 
Sist., tan calc., micas. 
S.s., f.g., calc., micaceous, 
clasts of Tjs, qz, felds, 
qzt. sist., It. gray to tan, 
calc., micaceous. 
S.s., f.g., It. green-gray, 
calc., tuff. & micaceous 
Sist., gray-green, calc., tuff. 
Sisto interbeds of f.g. s.s. 
& gray tan, calc, clst . 
Sisto & f.g. s.s., It. tan to 
gray, slightly calc., partly 
tuff. wi little sili. 
Sist., tan to gray, calc. ~ 
micaceous, partly sili • 
Sist., It.-green, tuff., 
abundant pyr & cal. 
Sist., tan-gray, sili wi 
abundant pyr, mica & cal. 
flakes. 



M-Mm,Z,S-Cc,W-Cl 
M_Mm,W-I,W-K,Z,M-Cc,W-Cl 

W-K,Z,W-Cc,W-Cl 

W-K,Z, W-Cl 

W-I,Wm-K,Z 
W-I,Wm-K,Z 
W-I,Wm-K,Z,W-Cl 

W-Mm,W-I,Wm-K,Z,W-Cl 

W-Mm,W-I,Wm-K 

W-Mm,Wm-I,W-K,W-Cc,Mu 

W-Mm,Ms-I, W-K, W-Cl, W-Mu 

W-Mm,W~I,W-K,Z,W-Cl, 
W-Mu 

"'Y"'y·,,~ .. .. .. . ~.,. 
" .. S .' V· -':''1::''"-v·_·-·-.. , .y ...... " 
:.: :':.. ';":"~'v . 

.:..~..:.~~~ 

y _S_V.¥ 
V:·::·:v':·::· _ 
f-Y· -" --.v S. -\1_.". 
:.::·:V:·::·;.V - 3500 
. -v- ,,-
~ .•. , 'II'" '- V ::.: . .:..~ -
'''S'''S'''S 
:..;'" --.• ...:. V-. -v _.-v I-
. _- _. 
V·-.J • "'!:, • V ;.- '.' .:-. ., -
r/-'::'V:': . 
:,·.:.:V:·:::~ 
:-;"V· -:: :-::-V _.. . .... 
V:":-::::V;:::':'--= 4-000 

:~~.',:!;;';"~ 

c.~; ... - ~~-)~-! 
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S.s. & sist., It. greenish
gray, partly calc. to sili., 
tuff., & micaceous, wi abundant 
pyr & cal. flakes 

Sist., tan, calc., & micaceous 

Sisto & 5.5., partly sili. 
sist, It. green, tuff., slightly 
calc., wi abundant pyr & gyp . 
S.s., f.-m.g., It. green, 
tuff., slightly calc. 

Sist., It.-dk. gray, calc., 
micaceous wi abundant cal. g . 

Sis t. & f. g. q z., S. s. It. 
green, calc., tuff. & mi~aceous 
wi pyr & gyp. g. 

C.g. s.s. wi clasts of qzt., 
Qz. Monz., schist & felds. 
QZT. OF YOST; clean to white, 
10% felds, 5% boit. & chI. 

SCHIST of UPPER NARROWS 
Qz. schist, gray to brown, 
25-7 5/~ qzt. 
ELBA QZT; clear to milky 
white, 5% felds., free qz. 
xis & cal. flakes. 

OLDER SCHIST; 20-50% qzt., 
clear to white wi 5% felds. 
schist, 50-80%, musc, chI. 
QZ. MONZ., 40% qz., 30% felds, 
30% plag. 



W-Cl,W-Mm 

Ms-Mm,M-I,Z 

Ms-Mm,M-I,Z 

S-Mm,M-I,Z,W-Cc 

Ms-Mm,M-I,Z 

S-Mm,S-I 
Wm-Mm,Wm-I 

W-Mm, W-I 

S-Mm,Ms-I,Wm-K,Z,W-CI 

S-Mm, Wm-I, W-K 

M-Mm,Wm-I,W-K,Wm-Cl 
M-Mm,M-I,W-K,Z,W-CI 

W-Mm,Wm-I,Z,W-CI 

M-Mm,M-I ,.2, W-CI 
Ms-Mm,Ms-I,Wm-K,Z,M~CI 
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RRGI-6 '·'0'" ...... 
0 ..... :.:::.:0 
.. ,. "0" :". 0':" 0':: 
0······ ::: .. : . .. .... .... .. " 

::.:-: :-:0· 
:.: 0 :-: :.: : 
:-::.:0:'::' - 500 S. & grave poorly consolo 

S., c., subangular to well 
g. of qz., schist, & rhy. 
Grav., subangular to well 
clasts of rhy. 

rounded 0· ... ·:·: :-:: 

00000 
"'0 '.' .: ... 
00 "':-::~O -
::.:-: O?::-
0:-: :·:0:-. -
:.: :-::.: :.::. 
'.' ···0····· -
0 
.. :: .. 

0 
..... . "' .. "'.. .. 

:~: O:·~ ':::0:':·:: -."'. ...... .." 
00:·:00 -
00000 

~·.!..-s'!.7": -_. ,._ v-
:.: :.~ :.: :..:: 
~."' " .......... .. .. .. .. " ........ .. 

1000 

rounded 

Grav. beds wI clasts. 

SALT LAKE PM. 
·Sist., It. green, tuff, partly 
sili & calc. 

"'.OO .. : •• "' "'."'"'. __ S.s., It. green, m. to c.g., 
poorly consol., 60-80% qz, 

-1500 20-40%"rhy . 

................. .................. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... .. .. .. .. .. .. .. .. .... ...... .. .... 
:':0:-: :-::. 
::.·.·:0:·:: 

:-::-::-: 0:· 
····:0·:· 
: :: : .. : :;.. 
0"':':::'0'-':-...... " .. ." 
.: 0··'· .... 
.: .. '0': :.0' .' . .. .... " .... 
:". :-: :-: :.::-................... .. .... .................. .. 
" .. " " .. " .. : ....... .. .... .... .. .. .. .. .. .... .... .. .. .. 
.. " ................ " .. .. 
0······0··· 
•• O· ':.'. '0" ."' .. " ..... 
...... ......... .. 
.. " ............. " ..... .. ---.--.... " ........... .. 
.. :..: ... ....:. .. :... 

-2000 

S. & grav., 60-80%s., 20-40% 
grav., poorly consolo 

S., It. green, c.g. & poorly 
consol., subangular to rounded 
qz. g., weak calc. cement . 

Grav., poorly consol., wi qz. 
s. matrix & weak calc., matrix 
rhy & qzt. clasts . 

:.: ::.:-::-:' - 2500 5.5. & sist., alt. beds, cal. 
:0::::-:0::.::-; flakes, si, It. gray, calc & 
: ..:..:. '" .. ..:.; :;. micaceous, s., m. to c. g. poorly 
~ .. : :.: -. a: -.:.. : consol., sub angular to sub rounded = s= .. ~· g. of qz & rhy. 
V·.\j:i·s,: 
v.S.:::s-:~-: 

((-:-:~:'{ 
:::. :':..:.:-:,:;,;: - 3000 

Sist., It. green, tuff., partly sili. 



~-----------------

M-Mm,Wm-I,M-K,Z,W-Cc, 
W-CI 
Wm-I,M-K,Z ,M-CI 

M-Mm,Wm-I,W-K,Wm-CI 

M-Mm,M-I,M-K,Z,W~Cc, 

M-CI 

M-Mm,M-I,M-K,Z,M-CI 
Ms-Mm,Wm-I,M-K,Z,M-CI 

~ '" .. " .......... .......... ... .... '" ........... 

.- ._ . .. .... .. .. .. .. .. .. 
'" '" .... .. .............. "''' .. 

... .. .. .. .. .. .. .. .. 
.. .. .. .. "'-.... "''' ........... .. 
"."'- .-.:: 
~.-.'................... .. .. .. .. .. -
... .. .. .. .. .. .. .. .. 

:.: ::. '.': .,.::. - '2.500 ._.-- .;;} 
.. .. .. .. .. .. .. .... .......... .. .... .. " .... 0·· 

.. " -.'" ........ -;-..................... _._._

............. ", "'''' ... 
" .. " "' .. " ......... " -... 
............ "''' ....... . _._t 
0.-: :.: "'.< :.: :.: ,_.-.-
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S.s. & sist., alt. beds 
S.s., It. gray to green-gray, 
f. to e.g., calc. wi qz 
& rhy . 
Sist., It. gray-green, calc., 
micaceous • 



-

KEVIN McCARTHY WCB E-3 
1 )·-12S 

bl' ('OITt']:1 t t't\ wit II til n't' po"t -1 'l'O\'O l'i ,,<'S 0 f t lit' ] a k(, d is
('OY(,I'I'd hy ~!()I'I'i,,()n (l!)(il) at "IH,(,t':,sin'ly IOII'PI' alti
t W]l'S I)(']ow t hl' Pl'o\'o ;;hon'lin!', 

TIH~ gl:1ci('rs prol)a!.ly di~appl':I!'('d pntirt']y frolll tIll' 
nH)lInlnilis :lnd tlw lakr was again dry dllring tlw "alt i
thPrlll:d agl\" of Allft'\'s (IDlS), ~lIhSl'qll(,lltly, two 
"pI" of slll:dl 1ll0l'aillt's or nwk glacil'l''' ha\'(' fOl'llll'd ill 
Ihp cirfJlIPs. Till'S!' r!'pl'l'sl'llf tli!' Tl'lllpl(, Lak!' nnd his
lori,' stad!'s I of 1!(")gl:l<'i:11 iOll", 1)()lb of whi('11 OI'I'lIIT!'.] 
dllring thp "Iittlp il'(' agp" of ~rattll(,s (UJ;\\). 

\'lIlIll'l'OIl'; \\'o rh 1';;, il!t'llIding (lil!>!',r( (HlDO, p. 3()!l-
:\10), .\twoocl (IDWl, p,!l~ !):l) , Alltl'VS (1D,lil,p. i.J-77L 
BI:lf'I\\Y('ll]pl' (lD;)l, p, !)];,!l1(i), Tn's (IDilO, p. 1Ui), 
alld IllInt, Yarll!'s,:lndThlllllas (l!);,:l,p"ll), ha\'p('on
!'liHIl'd tllat Ihl' ;;1'('OIIl! I'ic:l' of L:iI;:(' Honll(,I'ill(,-that 
1"llil'll altaint'l] thl' HOllll!,\'ill" slHll'plinl' and II':IS low
('n,d hy PJ'osion at its ollt],'1 (0 tIll' I'J'()\'O sbon'line-was 
('OITl'l:t1 i\'p \\'i(h tIll' las( 1)lpisto('l'IIe glaciation of the 
nHlIllltaills, The PI'l';;I'lIt p\'idpI](,(, indicatl's the dl'[)()sits 
of tIll' l'is!' to tIl!' BOIIII!'I'il1l' "lion'li,l(' nlHl of (1)(' still
,.;tand :11 thp Prol'o sllor('li'll' al'l\ ('ol'rp1:ttil'l' with (he 
latpl' of I \\'0 sladt's of Bllll Lak\' glaciation, Only ('l~l'

tail! Im\'('l" flll<"illatiolis of tIll' 1:tkl, follm\'il!g post-Provo 
d(',;"i('at iOll and pl'l'('l'ding t hI' ":111 itlH'l'llial :lgp" a 1'(' ('01'

I'd:lt i \'(, wit It t Ill' last o!' l'iIl('d:t!p gla('i:lt iOIl, 
Th(' l'illi'llal(' gl:l('i:ltioll, OIl tlll\ I':lsis of a rndio(,:I!'IHlll 

d:ltl'. of :27,()()()+R()() Y(':tI'S f!'Olll its Olltl'!' llllll':lilll' ill 
.1:I<'kSOIl !loll', "'yo. (l:ll!.ill alld .\II':'\all<lI·I', l!I;-)S) 

';('('111" to i,wllldl' all of tIll' \\'i~('OIl:;iIl "I:i.:.!'(' :IS dl'lilll'd 
Ily LI'i.:.!'liloll (I!):\:\), 1'01' 1IIl' 1':1 1'1 II.] a 1\, lo(',;s ,d' Illilloi,.; 
i" jlr()I,:t1dy Ilot 1I1111'h ,dd('r Ih:111 :2(i,]OO' (;01) \l'al'S 
(Fryl' :llId \\'illtll:llI, l!l(i()). '1'1)(, dl'po~ils of 1 Ill' Blrll 
Lak, ,,,,b('i:lt iOIl af'(' SII';lt igl':lplli(':i1ly 1011'1'1' thall IlllN' 
of tlt(' l'ill!'r1:i1p, :tlld :11'1' ~I'jl:lrall'd fl'()111 t 1Il'II1 1',1' dl'-

1 ,\ .~tn"I' t~ cll'l!r1I'd nM n cllTlJlltie ('(I b .. !!d!' wlthlu /I ~!I11l'\lltloll d:nrllll-:' 
whtc'h n ~l'('IJIldJlrj' ndvnlJ('(' or gln('l(>r~ to(lk plncl) (Amrrlc:lll Commt:-;~Ioll 
(III '-ilr;lli:.!r:lph!(' :\,j)I1H·lIr·Jnlllr~'. Innl. p. (HiO. 

:J Th~ lJ('n~la('lnt.!on t~ lH'rf'hy dpflnf'd IIH tlH' lal"t ~lnclntlon In flu' 
1(,I('kr ;\ltltlTltlllll r('~I()n. It 1~ ()r post-Plplst(l(~'II(, (HI'rI'Jlt) ngp. 
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gl:tl'i:11 iOIl, PI'f>:..;ioll alld till' d!'I'I'loJl"I!'liI of a IlIaW!" i 
zOllal soil. ;\0, ';11(,11 jlrOIl()IIII!'I'r1 ('Iilll:lli,' 11iPak Ii:;';! 
1)('1'11 f'('I'O!..!'1I iZI'" ill 1 It(, ('1:1",;i":I I C'1I1'1'1',;"ioll of \\'i,c('!i':; 
. I ' , III' , " ' I I 1,1 ,.: ~1I1 «('I"lsits III IIIOIS, 111I1";, II IIl:1y )(' ('o!ll' til,': lj 

t 11:lt tIll' dl'po,.;il ~ of t Ill' I I\,O II i!~II-II'I'I'1 I'i"l'~ of L:lkr{;l 
I ) '11' 'I J " ' IF,,' f} ,011111'\'1 (' IS l'l'('O,:.!'IIIZ(( Iy (;,JiIl'l't (I,-";!)(I), I!I('I"''':'~ 4 
tll{)C;p of tIll' ,;1:11"I,;till:1I tl", "I'm-I) ",IIOl'l'lilll', :'I'l,pICiTfl 

1 Ii :III '" i,;('() II" i II, :~1 
··,/i 
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lIIAGNITlIDE OF 1'lIIWST FAULTI!':(; IN NOIrJ"I1EI{:\' UTAII 

Tltn Ballll()!'].;, Willard, Cliarks(on, and Npbo fattlts 
:l1'l\ part of a discord inllonsly cxp()~('d lwlt of 01'('1'

I It 1'1 1st s t Ita t l'xt l'lIds from ~t.)JJtalla. and 1 daho to south-
1':1,,11'1'11 \'l'la<la, :-;0 fal' :IS kIlo\\' II , all af'(' I'ooll'd to 
t11(\ ,,'pst, and all ha\'c hl'ought thic.kt'r basin-type faci('s 

o\'('r 1 Ii ill Ill'r sIll' I f-t "pI' rocks to the east. The resulting 
(~(lntl';tc;t ill thi('klll'~s or ch:lraett'r is ('I'idl'llt in rn.:ki 
1':lI1!.(ilig ill lIge froll! l'l'('calllbl'ian to Pel'mian, 

III \'tllll, thl' Ill)l'thl'l'lllllOst sl'g'lllflnt. of (his thn::1 

11l,lt l'xtPll<lS fnJlll a braneh of thl' Bannock (hrnstuest 
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.~\ j)l':lI' Lal\l' to tl1(l 'Villard thrust on t.he Crt'st of the 

"':I~:d('h l~ill1gl' 11I'al' Ogdl'll, Togethm' t.hese thrusts 
t1dillP all O\'PI'I'idilig sl rlld llral block that is charac

I['riz('d by a thick basal Cambrian quartzite resting on 

al !l'ast (i,OIIO fl'e! of Precamhrian sl'dimentary rocks, 

TIJ(' hlock hl'IH':lth thl' thl'lI~ts is characterized by a 
thin hasal Call1briall quartzitp, which rpsts directly on 

hi!,!IJly 11I1~t alilOl'plt()~l'd Precambriall rocks older than 

th~)~l~ of till' IIpjll'r plate, Till' stl'uctlll'e within the 

block is that of a silliple s),llc1inl'; the same Cambrian 
[orlliai iOIl'; \':111 1'1' t I'al'l't! :110111111 I Itt, fold, alld ~t'I'I'I' 

~ ~ol'sla"li:';!1 ~II'lll'(llral cOlltilluity from 011(' thrust to the 

other, 
TIll' ~()llt Ill'rll :'I'gllil'lll of t ht' hl'lt of on'!'! hrusts COI1-

;icl~ of till' ('\t:II'II',;tOIi alit! Xl,ho thrllsts, which to 

""lhl'l' OII(lilll) a Illllg'ilig lobi' of basin-type I'ocks that 
j ~\(l'lIds ('a,;I\I"al'd to thl'. ('dgll of thl' ]Tillta Basill, TIll' 

'1 ,)\l'rrit!ing hlocl; ill this Sl'gllll'llt is charaelprizpd by 
,:~ '111111' :\II.()(lO fl'l,t () I' hl't!~ bpt \\'1'1'11 the 1 I uIllbug forllla 
'I ~i\}JI of ~li~~i~~ippiaJl age alld the })ark (~it,y fOl'Inat,ion 

f l 'l'l'liliall a"l" \l"II"l'l'a,.; ill tit!' a1Itochlholl to thp ('ast u ,... 

,;It' :':11111' ,;tl'atigl'apliic illtl'nall'olilaills le~s Ihall :l,OOO 
je"t of Ill'd,.;, 

J Thl' stl'IIctul'al cOlltinuity !Jl'!"'l'pn the northrrn :lnd 

"i ",i1t!lI'J'II sl'gllll'llts of this la'lt is ~pl'clIlati\'c lW\'alIsl' 

:"'ii!Jl'J' t III' I hick llllll1l'1 :llllorpho~;rd Pn'caIllhrian sl'di

~1I'1l(aI"\' I"tll'ks of I Ill' Ilort hl'I'Il 1>lol'k 1101' I Iw thick l'CIlll-
'-": ;'d":llIi;111 alit! 1','l'Illiall I'Ot'li,; or tIll' :-;olIthprn block I'X 

I :;'i:,IIII!i'I"']d'll J'I"(JIII (llll' Idol'!;: ililo I ill' olltl'l', -:\('\'1'1' 

, ,i,l'lt''''', l'ill'l~ til' Ihl' 0'llIiI'l'h forlilation hl\\'e hp('.11 

i';,'lIlili"d hy ()JSOJlI (1!);,G) in Ill<' Prolllontory Hangf', 

~ V"ilcl'r I1I1'Y' :Ire ill Sl'rl'IPIH'\' ahm'\' Ihick IIIlIl1<'tamOI'
J :iIO,I·t! l'n','alll1>ri:11l I'Ocks. Thi~ /'I,btioll S('I','(~S 10 
j :,;:d,Ji-11 lilt' I,il ,,11;p ,d' 1111' 1\\1) 1",It"I,~, tllllllgil IIII' 

, .i'''II,,1 il:i!'1 r i,; ('(JIl""il !Pd, TIll' (r:ll'I' "hilll'll Oil figlIJ'l' 

~! ':;,:,.1 is 1'\';!:lrdl'ti :IS tIlt' likl'lil',:i1 of ,.;p\'l'ral ptlssillilitips. 

.. 
\ !t'l tl 1'" Isl:illtl, 111lt!l'I"l:till hrgl'ly liy Iligilly lllt't:lIllOI' 

'~:')'t'd ] '1'I',':IIlJill·i:lll I'ucks, i:i J'l',!.!:anIPd as :;ulo('];

:"Il')II~, Tilt' Illi:1 (:):-;~" 1'1,,)1) "'t'''~:t' til' l'I'I'I'illldll'i:I!1 
:;:1', dlllolililt·, :11lt! tillitl' l"['IHll'II'd thl'l'l' hy LaI's!'Il' 

'i'll" 1,1' Iltt' lalld\lard I'd;!" 01' a d('IH):,itillllal basin thai 
',:~illiJlI.' by I,· t hI' II·('';!. ()n'J'lyilig tan 01' pillk 

,·:~ltlllll·I::t i,' qllll'(zil(''; a 1'1' 1)('11"\'1'" to I'I' I'qllil";i1I'111 

',i1II,Tilltil' qll:tI'(zitt' :llld an' thndon'not of PJ'Pt'alil 

. ::111 il!!I·. DdtlI"Illatioll of tlll'sP <]lIllI'lzitt'" illto Ilearly 
; ,)'lin:il fold,., ill "'hit'h t hpl'p \\":lS ,,,"f1icipllt axial plilllP 

:':':lrin!! 10 pI'odllt'l' Ill:lrkl'd st rl'!t'hing of flUHrlzitl' 
: ,,:'bil':,. <lI!!,!.!:t'~I~ Ih:1t Ihl' thrll"t plane passes clost' to 
to'Jlorthm,.'IPI"Il tip of .\lltl'lo]l1' Ld:lIld, :lIlrt that Ill(' 

,Ill! r.'k ~('(!l!l'Ill'l':-; of lIIlllll'!:lIlIOrpho:'l'd )'I'pcalllbri:lII 
.~ks,'k OJl Fn'lilollt J.~lalltl :lIld I'roiliollt(lrv Poillt ar(' f' , 

"".111 hOllous, 
~',. 

~ ~~~\\; ~ •. , H):",7, Pl'trnl\\gy 1IIId ~trllcture or Antel()p~ l,..:lnnd. 
:(-:1.: 1 ,:~ tilUT:ty, l:tnh: t't:lh (lah"" lIrl{)tlbl1~h('d Ph.)). theR1!', 

Est illlatrs of th(\ displacernrnt, Oil thrusts of this belt. 

rllllgp frolll liS lillIe as 12 IlIih,s (Hintze, lnGO, p, 20(2) 
to as IIIU('h as 71i miles (E:lnllPy, ID51, p, :330). The 

lirst I'stilllate i" basl'll f'ntil'ely 011 observations within 

I he a lloclJ! liOIl, a Ild hC'nce does not gi \"(~ information 

aboll! t ht' tot:ll 1l1()\'Pllll'llt. wil II r('spPl·t, 10 the alltoeh

( !tOil, Tltl' ,,('('1)11<1, I hOllgh la rg('r than t.hose (leri vetI 

],1'10\\', app(,i\r~ 10 1,(> po:<sil,lp from sll'a(igmphic 
I'l'idpIll'P, 

Till' Illillillllllli displaceIlll'nt of the norlhel'll hlock is 
"('~t (,;;tilll:ltl'd ('!'Oill Ihe l'platiolls of ils charactl'ristic 

IlIlllwl:tlllorph,)st'(1 Pl'l'calllhriall s(~diIl1('Ilt:tl'Y rocks. 
I f, as Sllsl)('l'/ ('d, A nlelol'P I ,.,1 all d I'('pn~sellts t he ('astt~rll
IllOS( I'd!.!:\' of Ilw principal dl'positiollal basin, the 7,000-
foot "t'qlll'IIl't' of 1111':-'1' l'l'l'l'allll"'jall ro('ks ('xpos(,II cast 

of (J!.!"tll'lI 11111,,1 11:1\'1' ('0111(' frolll sOIlII''''liP!"!' Wl'sl "I' the 

1'1'1'~t'11i "itl' of I III' i"i:tlltl, a t!i~tallt'(' of at. !l'ast :W I!liles, 

l/lwk of iliforillat iOIl as to tIll' I'atl' of tliickl'niIlg makes 

il iIllpos;;i]'I(~ 10 ('sliIllidc how 1I11ICh fartheI' west they 
1l1:1Y hil 1'1' tlI'i!!i Ilal ('II. 

()I hl'I' ('\'iill'II('p is oidaillr<l frO!Il till' I'l'l:tt in) effpe(s of 

I Ill' I )PIOlli;111 ,\Ii,,:-;i:-;,~il'l'iall III\('Ollfol'lIlily (Ii,~. :::;:>.1, p, 
I) I:\()), as 1',\ I "'P-';I,t! I,y IIII' tlli,'kllPss of l'l'<is 1.1'1\\"('('11 

il alit! rill' lop of IIII' Tillli,' 01' it:-; slrati,!!T:tl'llil' l'!jl1il'a-
1('111. till' I\ri,!.!:Ii:1111 (1IIarlzilp. Till' (i,I)(I()-fool i,;op:u,!J ill 

11i(' /111'11,,1 "Itwl; 1111'1'1" /111' "'illal'.] I I 11' \1:'; t ol'l'o;;ilp tlJ(~ 
~,(l()(1 fool i"ol':\l'!t ill tllP foo(,,·al!. 1'l'Ojl"'lillg tlip iso

p:ld,..; 1';1..;1 "':lld ;\1 111l' Sillll(' rail' il,; tlllN' 1(110"'11 I\"itllill 
IIII' :tlltlt'ldIIOII ~llg;!I'';(S alll)l/l III IIlill's of <ii,;pl;\I'I'IlIl'ld 

Oil tll(, thl'll~i. 1\ silililar I'('sull is ol,laillPd frolll tIlP 

dat:. for rocks of Mississippian age (Iig, ;~:~G.2), 
Isop;whs 1'('pn'~1'1l1 illg SOIlW 4,(JO() to Ii.OOO f[,pt of beds 

ill Ihe O\'pl'l'idilig block IIII'd tIll' \\'illilrd Ihl'llst opposite 

thl' lillt' 1'I'j'J"(';:l'lIlillg ;:onw 1,.'';11(1 f('d of IIt·d,,,; in thn 

illt!o .. htholl. J 1('1'(" also, a IIIO\'I'Illl'lli of SOIllP ,10 mill',s 

is rcoqlliI"l'd to l'('slOI"l' Ihn ('ontilluily of tIll' t,,·o ;-:ds of 
j"oj>i!t'lls, 

])i';I'I:l<'t'IIIt'liI'; of IiiI' Clial'!t'cloll-Xl'I)() I.]oc!;: ('an bl"ct 

11(\ 1',"1 i!llalt,tl II.\" 1"1"'0\1:-;( I'll<'t j()11 of till' gl'lll'I':t1 form of 

till' Oljllil'l'll ]':I:-;ill (Ii!.!:, :\:\;,.::), ,\" Ih('J"(' is 110 ('I'idl'IlCI' 
fol' /11(' ('ollfi!!lll'illi()1I of tlli' 1I1>\1·-tll'stl'oyt·rl (,il~t Iialf, it:-; 

,~I'II(,l'ill 0111 lillt' ;111t! /11(' Ill:tXillllllll slop!'s ha\'I' 1)!~I'IlIll:tde 

a]lpl'll\ililillt'h' ';YlIlllll'lri('iil Iritlt thl" II'PSt half. Oil 
slwh;) I,a:,is, ;\ tiisplal't'IIII'11i of al,ollt ·10 Illiito::; is li!;:!'ly, 

()III'ioll~I,\', t!ill'('J"('1l1 :t":-;l II II pi iOlls rpgaI'rlilig (,ollli;!\Ira

I ion :lIlrl ,,10]11' wOlllt! yit'ltl \'iillll':'; r:l1lgill;! frolll Iialf t.o 
t wic(\ t hi" HlllOllllt. 
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EXPLANATION 

CJ 
Area und .. 'rlain by thick seqm."nl."e 

I.OJ:o.1C/t inU:",a.l 100() jut 

[TIl 
Area. und4'r\ain by thin IH'QUf'lICe 

f,wpurlt ,,.tl'n'lll WOII/ul 

Stl"'P fault 
il{udll'd "';1#'''1' HVi,,.,-,..d 

Thru!~l {null 
'kllln.rd u'!1.1'rt' III'/..,Tf'd. dotud 'W."Mrt rmueull'd 

SOli' !MIA 1m WPJJoI'T plld. 

---2000 - - - .--

h;up',eh l·Unrlf't·tin~ poinLH ""hl,rt, rock~ bt,tw(,t'Tl TlIlti,- (jllarll.ite and 
lh'\.'iHlian-MiHFMlsilJpian lllicollforlllity art:' of <,qual th]Clul('~';" 

['lIrt,d to lthIiW/"'ITI.''- t'.ftf'TI'lj,<rulIlI 11,t/O"llth"T! 

Dispiuc('nH'nt nt·f.·~tl'd to con.nect \,orn'Kpondilig i,."op!,u:h~ 

Lo('aliun or fTlcll:mred 8~'liOTI 
014t.!td., numbt'r rd'al W r<.f~r~na lUI/I'd in tAlbl-#. 

nlolmMr in ('1rd, iJl thuknnlt in tlwu.lMndJl of/at 

FHa' BE 33~,.1.--lJisl'lll(·(,lJll'lIt <Ill \\'iII artl 111111 IIUIIII(I<'k thru"ts 

hast'd 011 tllkklll's!; of bt·ds bt't\\"t'('11 lop or 'l'illtk 'ltlllrt;l.il(· 

nnd the Th>\,(lnIHII-l\Il~~IRR\pplnn Illl("oulormity. 

I 

I 
~4()O 

I. 
-----'-----'-----'-----' 

EXPLANATION 

An'u undt'rlain hy thicK !wqlll'm'C 

IlwI'(I('It t11,,,rt,d IOO() /I'd 

Ar~1\ Ilfldf'riflin by thin !H'qllt'n('t~ 
{",,,, .. ,,I. ,.tl"",t/.'r lt ,(,,/ 

SI('''1\ fault 
J )",.'" rf It hr" III;" tr,/ 

Thru.Hl h\lllt 

lOOO-· 

i 
I 

~_~_.-J 

It.!op~H·h ('(\l\nt,(,tin,O( I"II!'!!! Whl'll' ~1i;';:-I1'4"lppial. J'(II'\..1'- <If''' of ("1\1,1\ th"'~fi'''~ 
flo!~h,rf wilt'''' '''Jt' rf rd. d,,/lrd I" ,};,.u 

P'OWI Io>d J",.~llr"'1 II""'''''''' <I "/,.,."Ih".,, 

LOC'A-tinn of rt)f'll";Uft"(l ""rlion 
0\1(.111, fl\olmhl"T ."fflll /" ,'"(,',"",, {uf/,d t" ',Ibl .. , 

'UI1.,th,r i11 nrr-l, tit thid:"NU tn Av.udru!. of jot 



:" 

-.: 

'1 

EXPLANATION 

Art"A undt"rlain b}· thick ""tJ1Jl'nc..'e o( OtJulrrh {ormatiun 

Art>a undt"rlain by thin 8t'qUt'Il('(' of RmllltJ 

V Rill''''' IIlIH'MloIU' Bnd W l'her formation 

St('t'P fnult 
{l.""",1 I, h." "(',., ".1 

~ ................... . 
Thrust fault 

[:10,,.;.,,( •• 11 .... "i!t',r,od,d"U,,! 1"J:,r" .. "II"',I,'" 
• 'Wi K' t~~OI "" uIJVfOr plllt" 

4000 ---

J~npH.ch ("onnt't.,ti'1,1{ puint/'! of e1lual thi('kn,p,'ui of lIt.tlM It) 

Pt'nntiylvanian-Pt'rmian int~'n nl 
/ Jq"h,,( (,'h,"" t "/' r ,""d, rioitt'd to ",<1/.4' 

jorntt'r ~..rt~/I( Q,'ru" ... llu,tochfilm1 

1.< .>"10\ l'It'n',,: 11.~lff',t 

L()cat Ifill of lllCllftUrt"t3 tWdion 

Ol.dln,j.· """,I',. r r~ff't~ [,J /o,ulltll" /11111"( 1'1 ['ll.l .. 

n:pnh .. I" end" " t"'H'~I1'" HI Olo!oo"U1.I. q".'"" 
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