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/ erul ohlique nlil', (2) r ever"" 
dip s lip and (4) pure right­

...: e ssive structural event, ne,"" 
t e orientations . Corre lation of 
(o r each structural ev e nt suggests 
'y ore shoots occurred within the 
lulting. This s tudy l ed to the 
. ly Precambrian in age contrary to 
. and most previous workers . 
'ie in the Coeur d'Alene mining 
, loration and ore discovery . 

EAST-CENTRAL IDAHO 
,logy, Indiana Uni vers i ty , 
la ks, Robert Q., Jr., Depa rtment 

ROCKY 

acco ng roc 
m)x imu/I/ of 99 weight per'cent of some sa nd s tone samples l~ilS to 
pa rt i c 1 es 1 es s than 4 IYnll in diameter after 150 freeze-thaw cyc 1 es . 
Some sandstones were reduced to 92 l'leight perc ent les s than 4 mm 
diameter in on 1 y 36 cyc 1 es . Si lts tone s l'l ere some\'lha t 1 ess a ff ec t ed . 
~x imum disaggregation for the si ltstone~ was 71 weight pe~cent less 
than 4 /111/1 in 150 cycles . Results from lHnesto lles I'lere vanable, rang­
ing from 6 to 54 pel-cen t fragmen t 1 es s than 4 /lU/I in 150 eyc 1 es . 
Mudstones and shales I'l e l'e fragm ented up to 32 percent less than 411l1l1 in 
150 cyc l es . 

Hecha nic a l l'leat hering lIIay reduce freshly exposed 
sandstones, to fragments in as short as 10 yea r s 
mo is ture avai l ab il ity and temperature variation . 
~ significantly affected in 75 years. 

Uin t a rocks, espec ially 
depe ndi ng upon 

Mo s t rock type s will 

" Logan , Utah 84322 DEL HlITATION OF SNo\~ AVALANCHE HA ZARD AREAS IN MONTANE 
'ieian) of eas t-een tral Ida ho is COLOR.'I.DO 
dium-bedde d , silica-cemented I Carrara, Paul E., Ins titute of Arc tic and Alpine 
'avy parallel l aminae and struc- I Res e arch, Unive rsity of . Col orado , Bo,;!lder, Colora?o 
r ily parallel bedding , omikron- 80302; Ives , J ack D. , D~re c tor, Inst~tute of Arc t~c 
:Ir e locally abund ant. Saltation I and Alpine Rese arch, Univers i ty of Colorado, Boulder, 
ppears t he principa l mode of Color a do 8 0 30 2 
re domina te ly so u thward-flowing Ea ch year s now avalan c hes are res p on s i ble for loss of li fe 

type area suggest a 10"ler energy and p::operty in Co~orado moun ta in s. It is important to . 
f) and may indicate a transition i dent~fy areas subject to ava l anch es , as montane Colorado ~s 
, turbidity-current-influenced experie n c ing rapid grol~th. Development is present l y en -
,"eserved th ickness of 2,285 feet croaching or already in areas of ava l a n che runout. To an-
nie thins southward t o 326 feet SI,e r thi s need, avalanche s tudies i ncluding e xamin a tion of 

than 450 feet in the Clayton ERTS-l imagery and NASA un derflight photography were carried 
contacts of the Kinnikinic a r e out in the vicinity of Va il, Crest e d Butte, Tellur ide a nd 
J,,- s helfal, miogeoc linal se tting Ophir, Colorado. 
currents i s postulated fo r de - Rapid identification of avala n c h e are as at a regional 

rho logic uniformity , l a teral ' scale can be achieved b y t he delimitation of morphologica l 
Leogeogra phic se tting . An a noma- i nd/or vegetative features on a ir photos . A bOlol l - s h ap e d 
nartz throughout the Kin nikinic ~as in on a mountain s ide I.,hi ch funn e l s dOl'i1llolarcl into a s teep 
in s itu s train i ng of quartz gra ins, ully a bove an " a lluvi a l" fan on th e valley floor are mor-

~nTION, PICEANCE CR EEK BASIN, 

Survey, Denver, Colora do 80225 
.urface rocks to varyi ng degrees , 
ire s knowl edge of the phys i ca l 
~ i s th e rate of weathering of 
.he effects of weather ing wer e 
~ps , sieving of weathered mater­
and fre eze-tha w experiments in 

~o lOg ical feat u res indicative of many a va lanche sys t e ms. 
hgeta tive trimline s on hillsides separat in g mature fro m im­
~t ure f ores t or meadow, a r e avalanche - ca used featur es wh i ch 
~y accompany the morphologica l feat ures . 

field identif ication of ava l anch e a re as for eva lua t ion o f 
land use potential i s ai d e d by 1) de limitation of a v a l a nche 
~b ri s, 2 ) comparison wi th n ea rby morphologically and vege­
tative l y s imilar a valanch e systems a nd 3) application of 

' Voe llmy' s (1955) equations designed to ca lculate ava l a n che 
speed and runout dist ance, Dendro c hronology can be used to 
~termine avalanche frequency. 

Formation tend to be rounded and piE I,HITE EARTH AREA, ~IONTANA - A GEOTH ER~IAL PfWSPECT? 
i ff s of t he underlying Green Cha d"ick, R,A., De partmen t of Eart h Scie nces , Montana Stat e Univer-
es istances to I'leather ing and sity , iluzem'.!n , "(ont"n" 5'1 715; Gia cl{\.·" Ll , D.Il" llep:lr t mr< nt o f 
as e of s l opes underlain by Uinta _/1./ Geologica l Sciences, So uth e rn t'letho ;l1st University , Da llas , Te xa s 
River rock s and large talus 7 ./ 75275 ; Hansen, J .L., De partment of Eart h Sciences , Hon t a na State 

enty to 50 percent of the talu University , Boze ma n, Monta na 59715; Ra hn, J. E. , Department of 
Earth Sciences , ~Ionta na State Unive rsity , llo?eman, Nontana 59715 
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of Hel e na, ~!ontana, is under inves tigation fo r otbermal poten tial. 
The tbermal gradient in five drill holes (drilled for mine r al explo­
ra tion) r a nges from 54 to 2230C/km. The holes cover a distance of abo . 
3 km, a nd are between 30 a nd 75 m dee p. The bea t flow values rangenol 
abo ut 2~c al /c m2sec (nornml for tbe r egi on) t o over 7~cal/cm28ec . 

The hol es penet r ate Oligocene tuf fs, bentonites , tuffaceous san~ 
stones , and c ongl omera t es whic h dip gently east and overlie folde d 
Paleozoic limesto ne and quartzite. Tbe Pal eozo ic r ocks c r op out 150 
1000 m west o f the drill boles. Numerous north-northwe s t trending 
fa ult s cut the Tertiary sediments and may reflec t a major deep- sea t ed 
fa ult, cast blo~k down , along tbe eas t edge of t be Paleozoic ou tcrop 
bel t. Several eas t tr e nd ing fa ul t 9 c ut tbe Pa leozoic r ocks and may 
continue benea th the Tertiary beds. The anomalo us drill ho l es lie 
alon g the no rthwes t fault s warm near its in tersection with the eas t 
trending set . Deposits of c her t, band e d chalcedony , and minor fluo 
occ ur a l ong fault s and bedding pla ne s of the Ter tiary r ocks. 

Dissolved si l ica con t ent of I.ater from t he drill holes i ndicates 
base temperatur e of 60-80o C but may be affected by dilution from s hal-
10101 gro un d water. The so urce of the geothermal a nomal y may be water 
heated by circ ulating to dep th along Pa l eozoic aq uif er s or f a ults and 
rising a l ong the nor t!lIolest fa ult sys tem. Reservoir poten tial may 
i n the Pa l eozoic sequence benea th the Ter tiary beds. Thus , the area 
r equires more detailed s tudies for adequa t e a ssessment of the geo­
thermal potential. 

A LAl'IINAR 1l0UNDARY LAYER NODEL FOR DEPOS ITION OF ASH-FLOH TUFFS 
Chapin, C. E., Nel< ~!exico Bu r eau of Hines and ~!ineral Resources , 

Socorro , New 1·lexico 87801 and LOIolell, Gary R., Department of 
Ear th Sciences , Southeas t Missour i S tate University, Cape 
Gi r a rdeau , Hissouri 6370 1 

Pyroclastic deposits lacking app r eciab l e sorting and visibl e s t ratifi­
cll t ion are generally interpreted t o be th e produc ts of turbulent flow. 
Yet these deposit s frequentl y possess a notable degree of prefer r e d 
particle orien t a ti on (El s ton and Smith, 1970) and some exhibit mega­
scopic l aminar flOl" st ructure s (Schmi ncke and S'.,,1I18 on , 1967). Thi s 
pa radox re sult s from th e fact tha t the mechanic s of tran spor t ation and 
deposition are fundamentally different . R. V. Fisher (1966) presented 
a model fo r ash- flol'T emp l acemen t Hhich involved tur.bulent flo\olage and 
simultaneou s deposi tion of particles i n a boundary l ayer . We s ugges t 
tha t ElOl., i n the boundary l ayer is mainly lamin ar and that the resul 
deposits build l~ layer by layer from the pass age of many individual 
ash EtOHS . 

Hhethcr a t u ff dev elops megascop ic i aminar ElOl., s t ru ctures de l' 
O il ",heth er t he tem pC1'3 t urc of glassy particles entering the bound3ry 
l ayer i s above or be low the minimum "Telding t emperature. If above , t 
part i c les aggl ut i nate, collapse, and ,.,eld to form a viscous fluid IoTit 
a primary flow foliation similar to a lava. If below , t h e particles 
to cohere !lnd deposi tion occurs via lamInar ElOl., in loose a sh. In the 
l a tter case , collapse and we ld ing may occur after deposition as in­
creas in g load pressure dep r esses th e minimum Iole lding temp era ture to, 0 

TUFF CENTRAL 
Chapin, c. E., New l1exico Bureau of Hines a9 

Socorro , New ~!exico 87801 and LOIole1l, Gar, 
Earth Sciences, Sout h eas t Missouri State 
Gi ra rd eau, ~li ssour i 6370 1 

'111C \o1all 110unt ai n Tuff (Oligocene) devel?ped a 
/I11lin a r flow struc tures during the trans1 tion 

1 t c t ate in a l aminar boundary layer. This 
rcs " I l owi ng s equen ce of even t s are interpreted from 
l ey "here the tran s port vector is knOlm: l)agg l

l collapse of g l assy particles ; 2)lamin ar sheari! 
I/e l ding mass to form a primary flow foliution; I 
from t h e collapsing , spongy mass and concentra 
shear planes; 4) fo rmation of gas pockets where 
cl l ed exceeded that which could be accommodat, 

~10ngati.on of gas pockets and pumice to form a 
of th e fo liation; 6) formation of gas flotation 
"hlch accumulated unu s ua lly large volumes of g 
• rimary ElOl., fol d s ,.,ith axes perpendicular to 
P of the comple t ely coll apsed, densely we Ide lng 
", ith formation of tension c r acks that dip s t ee 
strike approximately perpendicular to the line 
Clo tion . Preservat ion of de licate primary s truc 
ary compac t ion . . 

Hore rapid deposition along the s1des of 
along it s axis caused inward accre t ion of tuf t 
fo liation resulting in a u -shape~ cha~nel 
fo ld s , whose axes para ll e l th e l Lnea t1 0n , 
ing occurred locally by creep tOlolards the val I 
con form i t ies are visible where less deformed I 

rimary o r secondary fold s . All the tuff 
~i!D?!e Goo ling unit. 

ORIGIN AND GEOTHERMAL POTENTIAL OF ISLAN~ 
Chr·istia nsen, Robert L., U. S. GeologIcal 

94025 
Island Pa rk is a topographic bas in of compoun 
three rhyolitic cyc l es of the Yell owstone Pl a 
Be nd Ridge, t he so ut hwestern ri m of Isl and Pa 
the first - cyc l e ca ldera, \'Ihich formed by coll 
berry Ri dge Tuff eru pt ion 1.9 m. y. ago and ~Ih 
\'lard into Yellol'lstone National Park. Thurmon 
I'im of Island Park, bounds part of a second­
that fOnlled 1 .2 m. y . ago as a result of the . 
and i s nested within the older ca ldera. ThIS 
~ted ca lde ra fa ult s on Big Bend Ridge. The 
second-cycle ca lde ras are buried by the third 
Creek Tu ff and youn ger vol canic rocks. The 
is not a ca ldera scarp but is formed by larg 
third cyc l e. These flows all vented on the 
east. 

beloH, the temperature of the glassy particl es. Thu s , there are both The youngest major rhyolitic erupt~o~s.at ~sl 
primary and secondary welded tuffs. Air entrained at the r o lling front ~ lli on years ago . Subseq uent SOll dl f lcat l 
of th e tu r bul ent El 01., , and magmatic gases, ma y be tr ap ped in the bound . bo di es t hat sustained the first t\~O cyc l es 
ary l ayer during primary He l ding t o form gas pocket s ( "l enticu l es " , of the res ul ting plutons and erupti ons of 
"l ack ill, 1960) th at arc of t en mistaken for pumi ce cavities . 


