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GEOLOG I C REPORT

Sherwln Canyon Area, Slerra Nevada, Cal  lSornla

by

Robert  R. Curry
Associate professor of  Envi  ronmental  Geology

Un I ve rs I ty of l{ontana

I N-TRODUCT I ON

Thls study covers the environmental  geology of  the area del lmited ln
the map appended to the U.S. Forest  Servlce contract  requis l t lon number
4-72-\97; order number 1647.-R5-72, lssued February 22, 1972, for  Inyo
Nat ional  Forest .  The arela- in quest lon ls located along the eastern escarp-
nent of  the Sierra Nevada approximately I  mi le south of  the tovrn of  Harnrnoth
Lakes, Cal i fornla,  and bounded on the east by Sheruln Canyon and on the
west by the crest  of  Gold Hountaln above Hammoth Creek. The study ls based
upon publ ished informat ion and f le ld work conducted by.  the author.  Fleld
Invest lgat ions of  th is s l te have been conducted predominant ly i ln the years
1964 through 1971, al though some work upon which thls report  ls  based was
done by the author in approximately 1945.

PHYSIOGRAPHY AI, ID GENERAL SITE DESCRIPTION

The Sherwin Creek si te,  as i t  has been cal led by the U.S. Forest  Servlce,
encompasses the major escarpment of  the eastern s ide of  the Slerra Nevada
where i t  bounds the Long Val ley volcano-tectonic depression In east-central
Cal i fornia.  This port lon of  the eastern escarpment of  the Slerra Nevada
di f fers f rom those to the north and south along most of  the 500 km length
of the range in that  i t  t rends east-west along the southern margin of  a
semici  rcular physiographic re-entrant into the otherwise I  inear faul t -bounded
Sierran escarpment.  The re-entrant ls cal led the Hannnoth Embayment and Is
the locus of  volcanic and tectonlc act lv i ty wherein that  port lon of  the area
north and east of  the escarprnent represents a col lapse c" id.ra f i l led wl th
Quaternary volcanic extruslve rocks.  Hanmoth Hountain ( l  1,053 feet) ,
located about !  km west of  the Sherufn Creek si te,  is  a recent composl te
volcano ly ing at  the extreme western margin of  the Long Val ley caldera where
It  Intersects the maJor bounding faul ts of  the Slerran escarpment.

Topographic maps that cover th ls area include the U.S. Geological  Surveyrs
l l t .  l {orr ison Quadrangle,  1953, at  a scale of  l :6Z150O and the 2O-foot contour-
interval  p lane-table map produced by Kessel i  In his l94l  Universl ty of
Cal l fornia Press paper ( l94lb).  Place names within the study area used in
thls report have been taken from these two sources as well as the work of
th ls author (Curry,  1966, 1968a, 1968b, 1969, l97l) .  The map accornpanytng
the report  by Kessel  |  (gp g[ l  ls  the most detal  led topographlc map aval  l -
able for  the lcrrer portT-on-6F thls reglon. Near ly the ent l re area ls Included
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In the f le ld of  u.s.G.s.  aer la l  photo El ' lG-7-149 of  9-10-63 and ls bounded
by photos 7-150 and 7-148 for stereographlc coverage.

.  As may be seen from the topographlc map (plate l ) ,  the- lqrer port lons
of the study reglon, between elevat ions of  approxlmately 7760 feet and
81100 feet are largely a ser les of  g laclal  and glaclof luvlal  deposl ts f l l l lng
downfaul ted val leys north of  the maln escarpment.  The escarpment,  a probable
faul t - l lne scarp,  ls  an eroslonal ly modlf led bedrock mountaln f ront  wl th
about 2000 feet of  surface rel ief  and approxlmately 2000 to 4000 feet mlnlmtrn
addl t lonal  subsurface rel ief ,  no,r  bur led by volcanlc and glaclal  deposl ts

'  (paklser,  1964, Pl .  4) .  The upland areas are resldual  port lons of  a com-
posi te Tert iary erosion surface, of  probable Eocene through Pl focene age
wlth local  re l  lef  wl th in the study area of  an addi t lonal  2500' : feet .  The
highest elevat ion wi th in the del lmited study area (see Plate l )  ls  11,600
feet for  a total  re l  lef  in the study area of  1840 feet.

.  The lovl land glacial  and volcanlc terrane north of  the escarpment con:
sists of  a ser ies of  hummocky and undulat lng moralnal  r ldges wlth areas of
marshy closed depressions and stagnant ice topography (see sect lon on Quaternary
deposl ts and glaclal  h lstory).  The. escarpment l tsel f  ls  a part ly forested
rubble,  scree, ta lus,  and rock-glacler covered mountain f ront  lnto whlch
three ci  rque-headed canyons have been eroded. These are,  f rom west to east,
Blocky Canyon, The Niche, and Sol i tude Canyon. Total  lateral  eroslon of  the

-*F 
presumed or lg inal  faul t -bounded escarpment,  has been on the order of  1.5 km
(t  mi le) .  The upland surface, termed the Sol l tude Plateau, ls a blocky
rubble covered eroslon surface with a shal low to deep frost-r lved mant le
(see sect ion on Surf ic la l  Geology).  The surface has been deformed slnce l ts
format lon f rom one wlth an or lg lnal  paleo-slope to the SSU to one that novr
trends dornward tovrard the NW In the dl  rect ion of  Hanmoth Hountaln.

STRUCTURAL. GEOLOGY S GEOLOGIC HISTORY_.

The present geologi"  t "n is"ape and landforms of  the reglon have evolved
In fhe fo l lowing way: The Sierra Nevada became a dist lnct  upl l f ted mountaln
range by the end of  the per iod of  intrusion of  granl t ic  rocks in the late
Cretaceous and ear ly Tert_iary,  approximately 7O ml l l ion years ago. At th ls
t ime, the mater ia l  compris ing todayrs major summit  peaks of  the Sheruln Creek
impact s i te were probably at  about sea level  bur led beneath 2000 to 4000 feet
of  upl l f ted metamorphic rocks.  Further upf i f t  cont lnued for at  least  about
6O ml l l ion years,  into the Pl iocene Epoch. Dur ing the lat ter  part  of  th is
t ime, perhaps l0- lq mi l l ion years ago, the actual  rocks exposed near the
higher areas of  the Sol l tude Plateau surface became exposed through slow
erosion of  the over ly ing bedrock by f luvial  (stream) eroslon. Throughout
thls bulk of  the Tert iary t ime, the Slerra was a gent ly rol l lng upt l l ted
mountain block,  wl th the highest local  e levat lons probably belng in the area
now occupled by the Long Val ley depresslon. Streams dralned westward and
southwestward across the Sol i tude Plateau fronr highlands that have not been
dorndropped and bur ied in the Long Val ley Caldera.

Beglnnlng In the Pl iocene, the great gent le arch of  the Slerra Nevada'
extendlng from the San Joaquin Val ley posslbly al l  the way across the Yhl te
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l{ountalns and Into Nevada began to break up Into a ser les of  most ly faul t -
bounded l lnear depresslons. 0wens Val ley began to form, as did the depresslon
nov, occupled by | {ono Lake and Long Val ley.  The eastern margin of  th ls dryn-
warplng and faul t ing ls not everpvhere wel l  def lned but the western margln
now const l tutes the maJor eastern Slerran escarpment and is st i l l  act lve
today. By approxlmately 3 mi l l ion years ago, the escarpment that  we see todaf
south of  the to.rn of  Hammoth Lakes had begun to form. Withln the s l te and
nearby, to the north along the Deadman area, and to the east near HcGee
Hountaln,  volcanlc rocks began extrudlng fron the faul t  zone along the
escarpment.  Streams drainlng westward to the San Joaquln Val ley were cut
of f  by the faul t ing and new drainage patterns became establ ished wlth f low
to the east and north.  The steeper became the escarpment,  the greater the
eroslve energy of  the smal l  streams drainlng the highland areas, and the
greater the resul tant  modlf lcat ion of  the faul t - l lne escarpment.

Averaged over the last  3 m!. !_ ion years,  th is dovrnfaul t lng of  the eastern
slde of  the Sierra Nevada has -occurred wlthln the Sherwin Canyon area at
rates of  about l - l ;5 feet 'per 1000 years.  Al l  aval lable evldence suggests
that th is faul t ing has been more or less cont lnuous, and that the faul t lng
along the major range-front faul t  today ln th ls s i te cont lnues today at
the same rate (Curry,  1968b).

Dur lng the ear l ier  Plelstocene, about 1.5 mi l l ion years ago, the dorn-
dropping Long Val ley faul t  b lock began to be the sl te of  considerable
volcanic act lv i ty which culmlnated TOOr0OO years ago rdl th the outpour lng
of the extensive Bishop Tuff  and the isolat ion and col lapse of  the separate
Long Val ley caldera.  Then quieter basal t  erupt ions began to f low from
fissures beneath the present s i te of  Mammoth Hountaln,  f lovr ing Into both
the Hlddle Fork of  the San Joaquln and into the Hamnroth Creek Val  ley,
deposi t ing up to several  hundred feet of  o l iv lne basal t  a long the northern
l imits of  the study si te between 5301000 and 1921000 years ago. In the.past -
4001000 years,  Mammoth Hountain has erupted in a ser les of  quartz lat l te
f lows interspersed with explosive act iv i ty and pumice erupt ions.  Repeated
glacial  episodes have modi ' f ied the canyons of  the escarpment port ion of
the.study si te and glaclers have deposi ted debr is in the north port ion of
the study si te.  These deposl ts are intermixed with those of  the Hammoth
Creek basal ts and the Harmoth Hountain quartz lat i tes.

Warping of  the Sol i tude Plateau surface has probably been golng on vefT
slovr ly for  at  least  2.7 ni  |  |  ion years,  judging f  rom the elevat ions of
glacial  deposi ts of  var ious ages along the f lanks of  Gold l , lountaln.  As
this warping progressed, eroslon of  the eastern escarpment in the vtc in l ty
of  the tovtn of  0 ld t ' lanmoth eventual  ly  beheaded Hanmoth Creek, which had
previously f  lovled lnto the san Joaquin Rlver,  a l  lo l ing l t  to take I  ts
present course into the Long Val ley depression. Thls stream capture
occurred sometlme between 2.7, ,"nf ;  7001000 years ago.

lr"

l lore detai  led geologic histor ies of  th is s i te are given on page 13-20
curry ( tgZt)  and page 7x- l2x of  curry (1968b).  Geneial  geologl i  r r ls tory
revlewed also by Schumacher,  et  a l ,  1959.

One maJor range-front faul t  ls  Inferred to extend along the northern
margln of  the escarpment In th ls lmpact study sf te (Rlnehart  6 Ross, 1964,

of
ls
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'Pl .  l ;  Curry,  1971, Pl .  l ) .  This faul t  is  obscured by late Plelstocene
glacl i t  a"posi ts ana rock glaclers so l ts exact locat ion ls not known. l t  

:

ls  probable,  based upon i ts character Just  east of  the study sl te ln Sherwln
Canyon, that  the faul t  ls  In fact  a faul t  zone 100 to 200 meters wlde, wl th
basln-slde-dcprnward normal mot lon wl th a cumulat lve of fset  through the zonc
of I  foot  per 1000 years.  I  can f , lnd no surface expresslon of  act lv l ty of  -" :

th ls faul t  wl th ln hlstor lc ( lOO-year)  t lmes. An addl t lonal  faul t  In the
Paleozolc basement rocks of  the s i te is mapped by Rlnehart  and Ross (1964, '
Pl .  l ) ,  but  l t  ls  not  act lve today and not a port lon of  the present act lve
structural  system of the region.

BEDROCK GEOLOGY

The bedrock geology of  the Shenar in Canyon lmpact s i te has been mapped
by Rlnehart  and Ross (1964) and the map (ptate Z) ls der ived from their
work plus f le ld work by the author.  The maJor l ty of  the area ls under-
la in by the Round Val  ley Peak granodior i te ( f rv) ,  a rather unl form eq.ul
granular ( l -2 mm graln s ize) Intruslve igneous rock of  Cretaceous age.
Within the study region, th is rock crops out f rom the vic ln l ty of  Hanmoth

rr  Rock to the hlghest polnt  on the Sol i tude Plateau and contalns ntrnerous
dark-grey f ine-gralned dior l t ic  inclusions, the largest of  whfch ls found
near the hlgh point  on the interf luve between The Nfche and Sol l tude
Canyon and is shorn on Plate 2.  Thls granodior l te ls very wel l  jo lnted
within the study area. The Joint  p laneg del imit  near ly equant granl t ic
blocks,  ranging In s ize up to several  meters on an edge but dqnlnant ly in
the range of  0.2 to 1.0 m. The regional  jo int  sets are a near vert lcal
jo int  set  t fending north-south and another near east-west set  d lpping from
80" N to 80" S. A thl rd Joint  set  ls  subparal le l  to the Sol l tude Plateau
Tert lary erosion surface and l ts Joint  densi ty decreases with depth belovr
that surface such that,  at  the Plateau surface, tabular Jolnt  b locks averaglng
about 0.2 m thick predoninate whi le at  the base of  the eastern escarpment
the predominant jo int  b lock dimension ls a l -2 m cube. The str lk lng Jolnt
densl ty in these grani t lc  rocks near the eastern escarpment,  together wi th
the orthagonal  re lat lonships between the jo int  sets has created the unlque
condl t ions favor lng rock-glacier format ion throughout the later Pleistocene
in Sheruin Canyon.

The Round Val ley Peak granodior i te was Intruded into the metasedimentary
and metavolcanic rocks of  Paleozoic and Hesozoic age that are commonly
cal led the Ht.  Morr ison roof pendant,  referr ing to the fact  that  they are
bel ieved to be remnants of  the rocks into which the Slerra Nevada granft lc
rocks were intruded. This sequence of  ancestral  rocks,  whlch or lg inal ly
f i f fed basins and low-ly ing areas at  the s i te of  the present Slerra Nevadar
consist  of  a ser ies of  Ordovic ian (5oo mi l l ion years) through Permlan
(zz5 ni  l l ion years) sedimentary rocks over la in 6y Tr lasslc l f r rough Jurasslc
(ZZ5-135 mi l l lon years) volcanlc rocks -  a l l  of  whlch have been metamorphosed
lnto marbles,  s lates,  hornfels,  and 

-quartz l t ic  
rocks.

t l l th ln the study area, these country rocks gener* l ly  st i ike NW and dlp
to the SW, usual ly steeply;  The oldest unl t  exposed ln the study area ls
the Pennsylvannlan Br ight  Oof- format ion,  whlch crops out near l . lammoth Rock.
Here l t  is  a grey s i I lcous calc-hornfels.  Hanmoth Rock l tsel f  ls  an example
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PLATE 2

BEDROCK GEOLOGY

Cretaceous fels lc dlkes and masses

Cretaceous Round Val ley Peak
g ranod i  or  i  te

Jurasslc and/or f r lasslc Lat l te
of  Arrovrhead Lal te .  Pyr l  t  lc  hornfelg
mlneral lzed zone where st lppled

Jurasslc and or Tr lasslc Volcanlc
breccia of f lanmoth Rock

Pensylvannlan l l t .  Baldr,v ln marble

Pensylvann lan B r ' ight  Dot format lon

t  Faul t  wl th dot on dovrnthrovln s lde
Dashed where approxlmate,  dotted
where Infered
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of the next younger uni t ,  the Mount Baldwln marble.  Thls Pennsylvannlan
unl t  ls  a f lne-grained dark-grey cr lnoid-bear lng marble wl th st ieaks and
nodules of  chert  and occas ional  recrystal  I  i  zat  lon,  especi  a l  ly  near I  ts
contact  wl th the granodior i te whlch intrudes l t .  Another oui l ler  of  th ls
marble bedrock unl t  ls  exposed In the study area at  the head of  the pappas
Prospect road, about I  ml le west of  lower iherwin Lakes. .

The next younger bedrock uni t  ls  the Volcanic Breccla of  l {ammoth Rock.
Thls unl t ,  of  Tr iasslc and/or Jurasslc age, is located south and above
l ' lammoth Rock and is separated from the Ht.  Baldr,v in marble by a faul t  con-
tact .  Here about I  1200 fcet  of  rhyof l t lc  vofcanfc strata are exposed.
They are general ly masslve wi th angular blocks as much as a foot  ecross
and much Included sedlmentary rock part lc les,  evldent ly der lved frqn the
strat igraphlcal ly lower marbles and hornfels wl th in the roof-pendent sect lon.
Local ly the unl t  is  crudely bedded with dlps to the SW. Strat lgraphlcal ly
above thls uni t ,  and making up the crest  of  Gold Hi l l ,  ls  the rusty red
Lat l te of  Arrowhead Lake. Thls rock,  of  probable Tr l issfc and/or iurassfc

"9u, 
ls typlcal ly dark_grey where f reshly exposed and unal tered, but

throughout the lmpact Study plot ,  th ls unl t  is  a l tered to what nfnehart  and
l" : t  

(1964, p.  3,  cal l  a pyr l t lc  hornfels zone--y le ld lng the character lst lc
br lck-colored unl t .  Thls rock ls bel ieved to have intruded those above and
belornl  i t  at  shal  lo* depths,  then was upt l l ted,  metamorphosed and al tered,
and then was in turn Intruded by the granodioi i te.

-  
Af ter  the granodlor l te of  Round Val ley Peak was lntruded, more volat l lc

lgneous const l tuents intruded i t  and l ts surroundlng host ro"ks,  g lv lng
r ise to the fe ls ic dikes and smal l  masses notdd along the crest  of  Gold
Hl |  |  in the Lat l  te of  Arrorhead Lake.

No other bedrock uni ts are exposed in the study sl te,  but  l t  ls  probable
that at  least  one Quaternary volcanlc f lovr unl t  exlsts beneath the glaclal
sediments along the northern fourth of  the lmpact area. The depth of  Uur la l
ls  unknovrn.  lnmediately west of  the area boundar ies are two other volcanlc
rocks of  considerable import  to the regional  geologic picture.  At  the
northern terminus 6f  Gold Hi l l  and indeed exposed is 

" . residual  
boulder

mass within the study plot  at  the crest  of  Gold Hi f l ,  are rel icts of  the
l larmoth Hine basal t  of  3.06 mi l  I  ion years age. This unl t  ln - these smal l
exPosures is the type name-bear ing sect ion for  the Haff ioth geomagnet ic
polar i ty event.  Thls short  per lod of  reversed dipole r"gn" i i .  potar i ty just
over three mi l l ion years ago is recognized through the wor ld and these r6cks
rePresent the s ingle key t iming rnark upon which i t r is  port lon of  the radlo-
metr ic and gecnagnet ic t ime scale of  t i ' re ent i re earth ls based (C;; ,  i ig i l .
Just  north of  th is unl t ,  on. the-hi l l  cal led Panorama Done Just south of  the
Old Hammoth townsi te,  som-d'of  the ear ly f lows of  quartz la i l te f rom what ls
novr l ' larmoth i lountain are exposed. These are not dated radlometr lcal  ly  but
are probably less than 4001000 years old.

ECONOT,I IC DEPOS ITS AI{D RESOURCES

The area of  the Shenr in Canyon lmpact study has had conslderable
explorat ion for  economlc mlneral  deposi ts.  The locat lon and development of
the or lg inal  tovrns around Old Hanrnoth,  t { i l l  Cl ty and Lake Ctty beglnnlng
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In 1878 are dlrect ly related to the mineral lzat ion of  the al tered Lat l te
of  Arrovrhead Lake along Gold Hi l l ,  then cal led by some Red Hountaln.  Almost
no port lon of  th is unl t ,  where exposed In the study area'  ls  wl thout a
history of  prospect work and mineral  c la ims. The three maJor gold/s l lver
mines, the Old Harmoth l { ine,  the Monte Cr isto Hine and the Hammoth Consol ldated
l ' l lnes al l  have dr i f ts that  e i ther enter beneath the study area or penetrate
close to i ts boundary.  Descr ipt ions of  the 0ld Hanrnoth mine dr i f ts
(Rinehardt  A Ross, 1954, R.9B) indicate that  i t  certalnly enters the
westernmost sal ient  of  the impact area and the others are reported close
to the granodior i te contact .  These mines have produced gold,  s l lver,  lead
and coppcr f rom northwest- t rending steeply-dipplng quartz velns near thg
granodior l te contact  f rom a ore consist ing chief ly of  nat lve gold,  aur l ferous
pyr i te,  chalcopyr i te,  sphaler i te,  pryyhot i te,  arsenopyr l te,  and magnet i te.
Tucker ( tgZl l ,  Sampson and Tucker ( t940, and l {ayo ( l93qa) have suppl led
the basic informat ion on these mineral  deposl ts.  From their  data,  the
ore belng shlpped in 1939-41 was reported to have asseyed about 0.3-0.5
ounce gold per ton and t  ounce si lver per ton f rom Gold Hi l l .  Numerous
quartz veins can be seen In the study area at  the summit  of  Gold Hi l l  on
the Sol i tude erosion surface where i t  is  made up of  the br ick-red lat l te.
The source of  the mineral iz lng f lu lds was probably the granodior i te lntruded
Into these rocks in the Cretaceous. There ls no reason to doubt that  con-
slderable mineral  value remains wi th ln Gold Hi l  I  and that sorne of  l t  could
be recovered from the impact study area. At t ines of  abandonment or col  lapset
values of  velns belng mlned in th is area in the 1920ts and ear ly 1930's
ran from $9 to $12 per ton for  gold and there ls no lndicat lon f rorn f ie ld
reports,  o ld newspaper accounts of  the Hanmoth newspapers,  or  publ ished
geologic studies that  any of  these velns were decreaslng in value at  the
t inres of  cessat ion of  mining. Ease qf  accessabl l  l ty ,  recreat lonal  value,
and speculat ion on patented mining claims al l  suggest that  the Gold Hountaln
area wi l l  cont inue to draw latent economic interest  in the future,  even
though current values and'recovery costs would not l l ! .9- ! .V. lead' to potent la l ly
economl c development opt ions.

The only other s igni  f  icant mining development wi  th in a mineral  lzed
area of  the impact s i te is that  of  the Pappas Prospect at  8800 feet elevat lon
at the head of  the Pappas Prospect road a mi le west of  lovrer Shenrr ln Lakes.
This bul ldozer- t renched a;ba reveals schleei te-bear lng tact l te In blocks
of marble,  presumably der ived from the adjacent Ht.  Baldrvln Harble and
granodior i te contact  zone. The total  area of  potent ia l  mineral izat lon ls
lor  and the more readi ly avai lable tungsten minerals elsewhere In the
eastern Sierra and United States as wel l  as the decreased demand for th ls
element as a war mater ia l  suggest that  l i t t le economic Incent lve could be
expected for fur ther explorat ion or development of  th ls prospect.  Most of
the l {ammoth area sheel l te prospects were c la imed In the ear ly 1950rs,  and
few have been worked slnce. Hineral izat ion along the marble/granodior l te
contact  is  typical ly garnet and pyroxene with smal l  amounts of  quartz,
calc i te,  and sheel i te.  Blackl lght  exqninat lon by the author suggests
values of  less than lZ W0? for the sheel i te ores wi th very smal l  reserves
of but a few tons of  potet f  t ia l  ore.

Addi t ional  mineral  values that should be consldered for an lmpact
Statement are those of  gravel  and hydrothermal energy.  A gravel  p l t  ls
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located along the northern margin of  the lmpact study si te and more gravel
exists In s iml lar  moraine-marglne si tes where part ly sorted glaclal  outwash
provldes gravel  reserves. Precisely s imi lar  deposi ts exlst  to the north
along both the old and new l ' lammoth roads and adequate gravel  ls  not dl f f  lcul t
to f  Ind wi  th ln the l , lammoth reglon such that non-development of  gravel
reserves in the study sl te would not have a local  or  reglonal  fmpact except
upon potent ia l  &rners of  those gravel  reserves. Hydrothermal explorat lon
ls ongolng In the Mammoth area in both geologlcal ly loglcal  and completely
l l loglcal  s i tes,  wi th much envlronmental  degradat ion resul t lng f rom the
explorat lon.  There ls very l i t t le chance of  s lgnl f icant hydrothermal
resources within the study sl te.  There are no knolrn volcanic vents or deep
intruslves or extrusives of  young enough geologlc age to provide hlgh heat
f low di f ferent ia ls.  However,  Judging by the select ion of  s i tes for  ongolng
hydrothermal explorat ion,  there is apparent ly a great deal  of  geological
naivete expressed In th is newly developing f ie ld and I  could not predict
that  explorat ion might not some day be carr ied out along the lower f lanks
of the range-front escarpment wl th ln the study area. The area is one of
hlgh groundwater saturat ion below the surf ic la l  g lacial  deposi ts and any
stored heat of  the volcanic erupt ions of  the last  I  mi l l lon years would
certainly have been largely carr led away. l . later lssuing frorn f lssures In
the lat l te near the back of  the Hanrnoth Consol ldated mlne ls warmer than
mlght be expected (about 58o f)  but  ls  by no means Indlcat lve of  h lgh
enough heat f lovls to be used for-power generat ion where temperatures at
dept[s of  2500 to 35oo F are needed.

HYDROLOGY

There are no streams within-- the s ' tudy area. An ephemeral  channel  whlch
f  i  I  ls  wi th water dur, ing the spr ing and ear ly summer is noted in Sect lon l0
along the NW margin of  the study plot  in an area of  h igh local  groundwater
table at  the base of  the eastern escarpment about 0.5 ml le south of  the
tobrnsi  te of  0 ld l4ammoth. This ephemeral  channel  ,  and a nearby more-or- less
permanent pond const i tute the only surface water in the study sl te.  The
reason for the lack of  surface water In th is region of  h igh snowfal l
accumulat ion is that  the wel l - jo inted granodlor i te bedrock that makes up
the bulk of  the study area ef fect lvely absorbs surface melt  and precipi tat lon
to channel  l t  e i ther into the Joint  systems or through the bouldery surface
deposi ts.  Audible running water beneath the lo ler  rock glacler deposi ts of
Blocky Canyon and Sol i tude Canyon and aspen and wi l lovr th lckets belovr
Blocky Canyon and The Niche at tests to the f low of  water v ia these avenues.
The surfaces of  both the granodior i te and the lat i te on Sol l tude Plateau
and Gold l ' lountain are unr i  I  led and ungul l  led and do not carry surface runoff  .
Snowmelt  at  a l l  t imes but when the ground is f rozen wi l l  s ink direct ly into
the deep mant le of  decomposed grani te,  punice,  and jo int  b locks.  When the
ground is f rozen, the water wi l l  pond or f low only a short  d lstance before
being absorbed or stored. Stopage of  water along the plateau summit  is
evident. f rorn the pockets of  t rees on Gold Hountain (occupying areas where
Tert iary stream gravels mant le the lat l te surface) and the krumholtz on the
grani t ic  rocks of  the higher port ions of  Sol i tude Plateau. Waters drainlng
Into the mines of  Gold l ' lountaln are probably largely of  meteor lc or lg ln
absorbed on the mountain summlts.  Al l  the mines are wet,  and the Old Hammoth
l{ lne ls used as a dr inklng water supply for  sorne people I  tv ing In the Hl  l l '
Cl  ty area.

*:4
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Areas of  maximurn snou, accunulat ion are along the leeward (north and
east faclng) sunrmlt  s lopes of  the main escarpment.  Sncry remains in nlvat lon
hol lors at  the heads of  Blocky Canyon and The Niche throughout most years
and such has been the case throughout much i f  not  a l l  of  the Quaternary
Juding by development of  sorne of  the largest nlvat lon hol lovrs ln the Slerra
Nevada In these si tes here (see Surf ic ia l  Geology).  Thfs water feeds a
shal lorv subsurface drainage system to ul t imately reach the base of  the
escarpment to water the wel I  sub- i r r lgated meadows south of  0 ld l larmoth.
These meabws wlthln the study area are located on glaclal  outwash and
stagnant- lce debr is lef t  there as the glaciers last  receded from the lovrer
Hanmoth Creek Val ley,  probably about 12,000 to 161000 years ago. These
sediments are relat ively poor ly sorted and cornposed of  much f lne-gralned
mater la l  and are thus not readi  ly  permeable so tend to pond water dur lng
spr ing per lods of  maximurn snow melt .  Closed depressions formed by col lapse
of the ground fol  lovr ing melt lng of  g lacial  ice blocks wl th ln the sedlments
f l l l  wl th water seasonal ly,  and upon occasion remaln fu l l  throughout the
year.

Any topographic or hydrographic act ions that tended to modify the
runoff  character lst ics of  the sn@{-melt  f rom the escarpment face within
the study area would change the hydrographic regime of  the 0ld Hanmoth
meadows, both wi th in and outside the study area. Increased rapldl ty of
runoff ,  as through road bui ld ing or s lope compact ion,  or  through removal
of  t imber or brush would Increase peak f lovrs to the meadovrs and cause
surface dralnage of  an area that is drained in a subsurface fashion most of
the t lme. This would tend to increase erosion and gul ly ing in the meadows,
whi le decreasing the late season sub- i  r r igat ion of  the meadovrs.  Hi  I  ls lope
erosion could be ser ious wi th s lope soi l  compact lon on any of  the metamorphlc
rocks wi th in the study plot ,  as wel . l  as upon the morainal  landforms. The
blocky ta lus and rock glacier deposi ts der ived frorn the granodlor l te would
not erode by f luvial  act ion readi ly and could to lerate much manipulat ion
but retnoval  of  the vegetat ion f rom the granl t ic  s lopes would have two maJor
potent ia l  ef fects.  Fi  rst ,  i t  would increase the peak f  lor^r  due to snowmelt
runoff ,  causing potent la l  hydrographic upset in the meadows belov'r ;  and
second, i t  would render revegetat ion di f f icul t  s ince these t imber stands
largely owe their  survival  in th is blocky sol l - f ree substrate to the stored
water and mineral  nutr lent  matter found within the void spaces of  the
granodior l te blocks.  0n the coarse blocky s lopes where surface eroslon
would not be a hazard,  subsurface' teroslonrrof  these mlneral  f lnes by
increased rates of  melt ing of  snowpack exposed to more intense sun and raln,
and by increased rainfal  I  intensj  t -Les,  coul  d deplete the I  imi  ted foundat lon
for the biotope. Hore xer i 'c  mitrosi  tes in auttrnn fol  lovl ing vegetat lon
clear ing could render revegetat ion more di f f lcul t .  0n the sur iace of  Gold
Hi l l '  and possibly on the granodior i t ic  terrane of  Sol i tude plateau, the
t imber stands are essent ia l ly  topgedaphic rel fcts.  l f  removed over mult i -
acre areas, they would not recover in todayrs c l imate due to loss of  favor-
able late sunmer and autumn soi l  moisture condl t lons by dralnlng of  the
subsol l  jo int  f issure moisture storage si tes.

SURFICIAL GEOLOGY

The surf lc la l  geology of
plate ls f rom Curry (1971, p.

study si te ls l l lustrated on Plate 3.  Thls
and one should refer to that  volune and

the
23')
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detai  led descr ipt ion
wl |  |  be made here of

of  the reglonal  surf lc la l
the maJor deposl ts of  the

Tert lary surfaces: The low rel lef  upland areas out l lned on Plate 3 are
Fort f f i  oT- i l I -a- t  have termed the Sol i tude Surface (Curry,  l !68a).  ! ' | l th ln
the study area, th is surface is developed upon both the granodior l te and
the mineral  lzed lat l te.  As exposed In the c i  rque headwal ls of  Sheruln
Canyon, one can see that the surface ls made up of  an lntensely f rost-
r lved and chemical  ly  decomposed mlxture of  granl t lc  debr ls,  volcanlc blocks;
pumlce, and Jolnt  b locks,  total l lng 20 or more feet th ick.  0n the lat l ter  - - -
the th ickness is lessr general ly less than f lve feet ,  but  In the forested
pockets an admixture of  Tert lary al  luvial  gravels,  Pl  locene basal t ,  and
Pl locene scor laceous water la ld ash creates a th icker mant le of  f rost-
r lved mater la l .

Upon these surfaces one also f inds conslderable volcano-clast ic debr ls,
Includlng, along the western margin of  the study si te,  b locks of  quartz
lat l te der ived from Mammoth Mountain or v ic in l ty that  welgh up to 200 lbs.
These air- fa l l  explosion eJecta are of  v l r tual ly al l  l i thologles f ,ound In
and around the Long Val ley Caldera,  f rorn andesl t ic  scor ia and lapl l l l
through quartz lat l te and rhyol i te to pumice and obsidian. These mater la ls
have rafned dovrn upon the surface throughout the many mi |  |  lons of  years of
f ts subareal  exposure and, dur lng per iods of  lntense Plelstocene frost
act lon,  have been lncorporated into the f rost-rubble mant le of  the Surface.

Local ly,  in leeward si tes along the north border of  the Tert iary
Surface and in windrovrs behind tree- is lands, pmlce deposl ts up to l0rs
of  feet  th ick are found. Hgst sf ' - these are admixed wlth local  ly  der ived
frost-r ived mater ia l ,  and some are observed to have been frozen at  t lmes of
repeated autumn vis i ts,  suggest ing permafrost  condi t ions near the bases of
nivat lon hol lovrs at  the head of  The Niche-and Blocky Canyon. l f  permanent ly
frozen ground ls found beneath th is pumice insulat lon,  l t  can be expected
to behave slmi lar ly to that  of  Hammoth Hountain (see sect lon on Hazard
Geology).

Within these Tert iary surfaces, are eroded a ser ies of  c l rque- l ike
shal low baslns near the top of  the main Slerran escarpment.  These basins
are f loored with s imi lar  deposi ts to those found on the eroslon surface,
suggest ing s imi lar  ant iqui ty of  several  mi l l ion years.  I  have i l lustrated
these deposi ts on Plate 3 by areas of  open tr iangles.  I  bel leve these are
most probably areas of  past and present snovr accumulat lon,  near ly cont inuously
throughout al l  the glacial  per lods.of  the Pleistocene and late Pl locene, and
that nivat ion has been responsible for  their  format ion.  This means that
these are constant ly areas of  wetness due to snowmelt  through much or al l
of  each summer,  and that f requent ly th is wetness remains unt l l  the fo l lovr lng
wlnter- to f reeze and resul t  in cryoturbidat ion,  or  f rost  r iv ing and mixlng
of the surf ic ia l  mater ia ls.  Today these cirque head deposi ts are areas of
late-- ly ing or near permanent snour banks and slmi lar ly are areas of  saturated
ground throughout the year,  a l though the ground may be frozen near the.nrore
sno$r- f ree upland surfaces In winter.
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Stream gravels are found at  the head of  The Nlche and also near the
northwesternmost extremety of  the study area on the Tert lary Surfaces.

-  These are gravels der ived from highland areas that one t lste exlsted east
and north of  the present escarpment but have since downfaul ted and eroded
av,ray.  These gravels are of  rock types found in the Ht.  Horr lson roof pendant,
not al  I  of  which are exposed in the l t {ammoth Rock out l  ier .  They are graded
from northeast to southwest indicat ing that di rect lon of  f luvial  t ranspor-
tat lon.  The J.06 mi l l lon-year-old Hammoth Hine basal t  f i l ls  these stream
channels,  and above the 0ld Hammoth Hlne apparent ly danmed the local  stream
to form a smal l  accumulat ion 6f  vo_l-canic lake sediments beneath the basal t .
The stgnl f icance of  th ls ser ies-of  gravels is that  l t  reveals the dlrect lon
of warplng of  the Tert lary surface tovrard l , lanmoth Hountain af ter  the format lon
and abandonment of  the stream channels,  and t t  gtves one an indicat lon of
some of the rock types that may I  ie bur ied several  thousand feet beneath
Lovrer Hanmoth Creek val ley f loor in the v ic in i ty of  the townsi te of  Old Harmoth.

-Quaternary beposi ts:  Late Tert iary glacial  deposi ts correlat ive wi th the
f f iDeadmanPassg|acia| t i | |sexistonthewestand

southwest f lank of  Gold l ' lountain but do not enter the study area. Except
for the nivat lon c i rques of  composi te age, al l  the glacial  and related
deposl ts of  the study area are of  Quaternary ager approximately less than
2.4 mi |  |  ion years old.

The main glacial  deposi ts of  the study area are those at  the base of
the escarpment compris ing the northern one-fourth of  the s i te.  These deposl ts--
are a ser ies of  r ight- lateral  moraines and outwash deposi ts of  at  least  two
and possibly three per iods of  Visconsin advance dur ing the last  1001000 years.

The t l isconsin deposi ts,  correlated wlth the Tioga and Tahoe glacial
advances of  the Sierra Nevada, are sharp-crested, l i t t le dlssected moraines
up to 100 feet high. These aie made up of  grani i ic  and most ly metavolcanlc
rocks of  upper Hammoth Creek, carr ied down to these si tes of  deposi t lon.  - -
The gravel  p i t  Just  west of  Sheruin Creek is in Tahoe age outwash, probably
60rOO0 to 751000 years old against  the large Tahoe moraine r is ing over
200 feet dl rect ly west of  i t .  Within these morainal  mater ia ls are some
blocks of  epidote-r ich greenstone that contain t race amounts of  uranlum,
but not of  economic value. Detai led descr ipt ions of  these Hanrmoth Creek
glacial  deposi ts are found in Curry ( t968U, p.  34x-43x).  Along Shen.r in
Creek, the glacial  t i l l  exposed where Sol i tude Canyon meets the Sheruin
Creek trai l  ls  a composi te of  t rue t l l l  and rock glacier debr is.  This Shen*ln
Canyon glacial  sequence was heavi ly debr is loaded due the prevalence of  wel l
jo inted granodior i te in i ts headr*aters and the act ive f  rost-r iv ing along
i ts c i rque head*al ls.  The Shenr in Creek Pleistocene deposl ts are v i r tual ly - :
unlque ln the Sierra Nevada, act ing as the impetus of  Kessel i rs studies
( l94ta,  l94lb).  t ,J i th in the study plot  ou.r  500 vert ical  feet  of  Wisconsin
t i l l  and rock glacier mater ia l  is  stacked in the mouth of  the Canyon. Host
of  the actual  ground surface is a Tioga rock glacier that  was defeated
against  the Tahoe and ear l  ier  moraines of  that  canyon. There is no other --_.--pface ln the Uni ted States,  outs ide of  Alaska, where such extensive rock 

r-

glacier deposi ts are found of  so many geologic ages. Sherwin Lakes occur
at  the contact  between t l l l  and rock glacler blocks,  a l though thls ls
gradat ional  ref lect lng a change In balance between snol  load and rock debr ls
load on the canyon glaciers.
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Rock glaciers also exist  In Blocky Canyon, The Niche, and Sol i tude
Canyon. That rock glacier In Blocky Canyon overr ides the Tloga moraine of
Hanrnoth Creek, thus indlcat ing that th is rock glacier is younger or was at  r . . '
feast  act ive later than the Tloga-- ice-marglnal  moralnes. This is the only '<
place thls relat ionship has'been recognized in the Slerra Nevada. The rock
glaclers of  these escarpment canyons represent a nested ser les of  deposl ts
of  late glaclal  and neoglacial  age. None are demonstrably act lve today,
al though they were no doubt act ive in the last  1500 years and may contain
resldual  lce today in the higher c i  rque-head areas. l f  th is was the case, . . .
they could be rernobi l  ized by changing the loading of  the rock glacler sur-
face through undercutt ing the toes or loading the heads, or they could be
react ivated by increaslng retalned snc'vrpack upon their  surfaces through
snovrfences or other modif icat ions of  sncp, accumulat lon.  These rock glaclers
are s i tes of  B alch vent i lat ion-- that  is,  they accept cold alr  dralning
Into them from above and tend to become refr igerated Just as do lce caves
and the rrEarthquake Faul  t r r  a long the Hinaret  Sunmi t  road. Water draining
Into them can freeze when ambient air  temperatures are wel l  above freezlng
above the rock glacier surface. The rock glaclers in al l  the canyons have
thoroqghwater drainage beneath them today except that  of  Recess Peak age
In upplr  Blocky Canyon, which thus may st i l l  retaln some interst i t ia l  ice.

Talus also mant les many of  the s lopes of  the main escarpment.  Hajor ! r
ta lus s lopes are mapped on Plate 3 (Qt) .  Hany of  the ta lus s lopes are
act ive. today, but those west of  Blocky Canyon are largely part ly vegetated
and only added-to today by the f requent snovr avalanches found in that
ent i re area between Mamrnoth Rock and Blocky Canyon. Huch of  the vegetated
area within and around the ci rque below The Niche is ta lus covered al though
not di  rect ly mapped as such slnce this ta lus is nour stabi  I  ized and not
being added-to today. The talus mapped elsewhere In the study plot  is  a l l
act ive to{ay.  0n the s lopes of  Gold Mountain,  where the talus ls made up
of smal l  b locks and plates of  the mineral ized lat i te,  rates of  ta lus movement
vary f rom 0 to 5 cm per annum as determlned from comparat ive photographs
taken over an 8 year per iod.  Dlsturbance of  any k ind speeds talus t ransport  -<-t
to feet  per year.  In undisturbed si tes on the talus s lopes of  Sheruin Canyon
with granodior i t ic  mater ia ls,  mean veloci t les of  surf ic ia l  ta lus mater ia ls
have not yet  been determined but are evident ly s lcruer than on the lat l tes
Judging from si l i lar  cornparat ive photographs that show too few blocks moving
to assess average values. Despi te the ract iver appearance of  these slopes,
no detectable mot ion of  part ic les is observed in 8-10 years of  detai led
photos at  several  representat ive study si tes away fron disturbance by humans.
Host of  these talus s lopes are of  both Quaternary and Recent geologlc age,
but were most act ive last  dur ing the per iods of  neoglacial  advances in th is
area from 1300 to lB50 AD, around 0 AD, around 600 8.C.,  and also around
Sooo to l2rooo years ago.

Soi ls:  True -biogeochemical  soi l  is  not  abundant in the study area. Even
ff i tdest  Tert iary surfaces possess but a heterogeneous mixture of  physical
and chemical  weather ing products wi th no zonat ion.  Part ly weathered decomposed
grani t icminerals and volcanic ash extents to a great depth,  over 100 feet r
along Jolnt  faces, and can af ford substrate to plant specles able to to lerate
such pedological ly lmmature substrates.  '
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The only readi ly def inable soi ls in the area occur on the glacial  t l l ls
In the northern part  of  the plot .  Even on the oldest Tahoe age unl ts,  these
soi  ls  are azonal  A/C weather ing prof i  les consist ing of  a weak accumulat ion
of organic mater ia l  up to 4 inch,e; . -deep over ly ing a gradat ional  contact  to
a zone of  oxldat ion wi th 7.5 ' to |OYR colors.  Zones of  c lay accumulat ion,
l f  present,  are not readl ly detectable In the f ie ld and probably const l tute
a less than 4t  admixture of  i l luviated clay minerals.  0n the younger moralnes
of Tloga age, the soi ls are essent ia l ly  ident lcal  except that  depth 6f
oxldat lon ls somewhat less on si tes of  a given exposure.  In the lowland
neadovr areas.a deeper organic layer is found, up to 9 Inches deep, over-
ly ing unal tered si  l ts .  In the swales between moraine crests,  col luvial
soi  ls  wi th organlc-r ich accumulat ions admixed with pumice occur to observed
depths up to 2 feet .  0n the hi l ls lopes of  the range escarpment,  soi ls are
restr lcted to pockets and benches of  a l luvial  and col luvial  accumulat lons
of organic-r ich s lope mater ia ls.  No zonal  soi ls are found and no l l luviated
hor izons or debr is can be detected. Host hi l ls lopes were recent ly ei ther
tafus,  bedrock,  or scree. These are el ther today act lve or were act lve In
the recent neoglaclal  paleocl  imat ic events of  greater snowfal  I  and frost
act ion,  and have not developed soi ld in the last  2000 years.  The marked
su$mer drougth is probably responsible for  the lack of  s lgnl f lcant soi l
format lon on the moralnal  mater la ls of  many tens of  thousands years of  age.

HAZARD GEOLOGY

Faults and Earthquakes: The range-front faul t  zone at  the base of  the eastern
f f i fau| t inthat i thasbeenthe|ocusofmoreor|ess
cont inuous of fset  throughout Quaternary t ime. This faul t  takes the form of
several  d iscont inuous faul t  t races eacir  shc'wing evidence of  basin-slde (north)
block dovrnward movement.  The faul ts are most readi ly apparent one mi le
west of  the tovunsi te of  Old Manmoth where a faul t  scarp can be seen trendlng
N 75 W and extends from the Old Hanmoth Lakes road to the New Hammoth Lakes
road. This faul t  cannot be traced into the study area but may curve east-
ward to connect wi th the east-west t rending faul t  that  crosses Sheruin Creek

.at  that  creekrs Junct ion wi th the s i te boundary,  passing just  north of  thg
gravel  p l t  and extending as a discont inuous ser ies of  smal l  escarpments t ran:
sect ing Tioga morainal  mater ia l  to the 0ld Manrnoth Headovrs.  Thls faul t  t race
is much more readi ly apparent to the east where i t  cuts the several  moralnes
exposed at  the mouth of  Shennr in and Laural  canyons.

Since hi l ls lope processes are act ive in the region today and have been
even more so in the Recent geologic past,  i t  is  probable that  other faul ts
may be obscurred beneath the talus and rock glacier rubble elsewhere along
the eastern base of  the escarpment.  About 300 meters north of  Mammoth Rock
f luvial  erosion on the quartz lat i te west of  the Old Hanmoth meadovr and
south of  Panorama Dome seems conf ined to a faul t  zone but late l . I isconsin
rpvement cannot be demonstrated. Despi te the vague surface expression,
the faul t  shown crossing Shenr in Creek on the Geologlc Hap has had a rate
of of fset  of  I  foot  per 1000 years for  the last  several  hundred thousand
years.  The youngest control  point  is  151000 to 201000 years old.  Thls
faul t  movement may occur only once every 201000 yearsr oF, more probably,
i t  may occur In increments discont inuously along the length of  the faul t
t race such that some port ion moves every few hundred to few thousand years.
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The changes In the act lv i ty of  hot  spr ings of  Hot Creek and Casa Diablo dur lng
recent earthquakes at tests to the act iv i ty of  local  faul ts today near the
study sl te.  Elsewhere along the range-front faul t ,  in 0wens Val ley near
Lone Plne, and in Br idgeport  Val ley near Fales Hot Spr ings, of fsets of  over
four feet  have been demonstrated in ear ly histor ic or just  pre-histor ic
t fmes. Design of fsets of  l0 feet  dur ing a given large magnltude earthquake ' -
would probably be adequate for  lmpact study cr i ter ia.  The expectable
magnltude of  earthquakes in the l4ammoth region would be simi lar  to those
elsewhere along the range-front faul t - -at  the theoret ical  l lmi t  of  earth-
quake Intensi t les--Richter magnitude 8.75. such very large earthquakes
have occurred In the eastern Sierr4,  100 years ago at  Lone Plne, and can
occur agafn at  any t lme. Inadequate base seismological  record is avai lable
to deterrnlne the recurrance interval ,of  such an earthquake here at  present
but the area ls one of  h igh seismic,act f  v i ty.  Local  ground accel  lerat ions
to be expected in an earthquake at  Hammoth within a mi le of  the faul t  would
be In excess of  0.1 g.  Cal i fornia publ ic bul ld lng codes would not protect
agalnst  such ground accel  lerat ions.

Soi l  Stabi l i ty  and Eroslon: Road construct lon and compact ion of  surface
estthreatofsurfaceerosioninthestudyp|ot .

The hazard is greatest  on the f iner-gralned heterogeneous engineer ing sol l
types on hl l ls lopes of  any steepness. These soi ls are found in the scree
slopes and vegetated slopes on metamorphlc col luvial  mater ia ls around the
l lanmoth Rock out l ier  ( |e. ,  the areas mapped as metamorphic rocks and the
slopes below them) and upon the glacial  t i l  ls  and f  in-el- . f  ract ' ions of  s loplng
outwash. In al l  these areas erosion hazard is high. In comparlson, the
equal l ly  h igh erosion hazard on-the slopes of  Mammoth Hountain ls there
due to s lope compact ion and seasonal  ground freezing, thus decreasing rates
of lnf l l t rat ion of  snowrnel t  waters,  and increasing the ef fect lveness of
surface runoff .  Pr.rnic accumulat ions on the slopes of  the Shen^r in Creek
sl te are less deep than on- l ' lammoth Mountain but In the local  leeward sl tes
at the crest  of  the escarpment,  condi t ions precisely analogous to those
of i lammoth l, lountaln app ly.

Locat ions of  waterbars and frequency of  waterb"rs on roads and compacted.-
hl l ls lopes af fect  the erosive potent ia l  of  the substrat 'es.  Adequate
waterbar densi ty on the ' rh ighrr  erosive potent ia l  soi  ls  varys as a funct lon
of steepness of  s lope. 0n slopes of  5- lSZ, waterbars would be needed every
100 hor izontal  feet ;  on s lopes of  l5Z to l0? every 50 feet;  on s lopes of
30? to 45t every 25 feet;  and on slopes above 45t 'waterbar i  are of  dublous
value in erosion control  on these substrates or any others,  Special  care
should be taken in leading the surface f low local lzed by r"" turL"rs to
adequately porous drainbed for each bar.

Substrate mater ia ls on the Sol i tude Plateau Tert iary surface are of
moderate erodabi  I  i  ty  where cornpacted or art i  f ic ia l  ly  r i  I  led.  These areas
do not today possess integrated surface drainage networks,  having vlr tual ly
ful l  subsurface drainage. The accldental  construct ion of  such drainage
networks,  e i ther dlrect ly through road or t rench construct ion,  or  Indirect ly
through concentrat lon of  surface waters by cornpact lon or construct lon of
lmpermeable obJects on the surface. l . laterbar construct lon guidel  Ines are
one'every 200 hor lzontal  feet  on 5- l5t  s lopesl  one every 100 feet on 15-30?
slopes, and one every !0 feet  on 30-451 slopes.
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Hi l ls lopes of  the canyons and eastern escarpment in granodlor i t lc  '

terrane have lo,v potent la l  erodabi  I  i ty  hazard.  The wel I  jo lnted nature of
thebedrockandb|ocky.natureofthes|opemater ia lssuggestthatcon-
struct ion act lv l t les would not great ly al ter  present runoff  regimes. An
except lon occurs on the combined rock glacier/ t l l l  deposl ts of  lovrer Shenr ln
Creek-east-of  the Pappas Prospect road. This mater la l  ls  evldent ly most ly
heterogeneous t l l l ,  support lng permanent lakes and streams. Such mater la l
ls  of  moderate to high erodabi l l ty  depending upon the percentages of  the
vold spaces between larger boulders that  are f l l led wi th f lne mater la ls.
l f  f l l led,  the s l tes have high erodabi l l ty .

The al luvlun mapped on Plate 3(qat)  a lso has high potent la l  erodabt l l ty
lndlces but ls general ly f lat  ly ing and, unless undercut or t renched,
wl l l  not  great ly contr lbute to surface water turbidi t les or sedlment
yields f rom the unl ts.  

\
In conpar lson to Harmoth Hountain,  the ent i  re Sheruln Creek study sl te -"

ls not as f ragi le f rom a soi ls-engineer ing standpoint .  Indiv ldual  areas
of glaclal  moiaines 

"nd 
metamorphic debr i i  s lopes are as erodable or more

erodable than the compacted lat i te and punice s lopes of  Hammoth Hountaln
but the unique post-Wisconsin blocky rock-glacier deposl ts of  the Sherwln
area are near ly i rmune to f  l  uvi  a l  eros ion.  They are,  horever,  subJect to
landsl ide or rock fa l l  because they are very unstable.  These rock glacler
deposi ts are formed by lce t ransport  and lef t  precar iously balanced af ter
that lce melts away. l . lhere ice remains,  as i t  may on the upper Blocks
Canyon deposi t ,  roads exposing such ice would cause thermal eroslon and
lnstabl l l ty  of  the mass.

In general ,  rock glai iers formed of  jo inted granl t ic  b locks are not
stable enough for any but very careful  negot lat ion by a walk ing man for
2000 years or more. Those formed in Recess Peak t lme are occaslonal ly unstable
wl th l0t  to 202 precar lously balanced surface boulders.  The younger l , lat thes
deposi ts,  not  found in the study plot ,  have up to 50? unstable surface
boulders that  wi l l  move with a manrs weight.  The rock glaciers at t r lbuted
to the Hi lgard per iod of  advance immediately fo l  lowlng the retreat of  Tioga
ice ln Plate 3 general ly have but l t  to 3Z of  their  surface boulders ln a
present ly unstable state.  Construct ion on such rock glaciers or removal
of  their  toes can, of  course, cause the whole mass to readjust  to an angle-
of-repose talus s lope and would be expected to do so dur ing undercutt ing
or an ensuing earthquake.

Scree slopes and vegetated talus s lopes along the non-rock glacler
covered areas of  the escarpment and sides of  Sheruin Canyon are largely
dominated today by s lope creep soi l  processes. The col luvial  mant le var ies
frsn inches to lOrs of  feet  th ick and rests at  an angle of  repose. Any
oversteepening of  such slopes, as through road construct ion,  wi l l  u l t imately
cause instabi l i ty  and readjustment of  the ent i re s lopes to the apex of  the
col luvial  deposi t .  The mass wast ing erosion hazard of  such slopes ls thus
high. Hass wast lng hazard ls not great for  any other substrate s lope corn-
binat lons in the study plot  except the steeper (greater than 20t)  moraine
slopes where rotat ional  s lumplng could be expected l f  the mater la ls were
saturated and el ther loaded at  the tops or undercut at  the bases of  the
s I  opes.
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Volcanlc hazards:  Volcanlc act ivf ty is only temporar l ly  quiescent in the
f f ia.Th|s isamongthemostact |vesuchareas|nCa|| fornla,
surpassed only by l l t .  Lassen in magnitude of  recent erupt ions.  Wfthin the
last  1000 years,  c lnder cones and steam explosion craters have occurred
wlthin 20 mi les of  the study sl te.  Within the last  1001000 years,  the
ent l re north hal f  of  Manmoth Mountain was blown away in one or more exploslons, r
deposl t lng debr is throughout the study si te and burylng the s l te of  the
present torvn of  i lammoth Lakes in at  least  20 feet of  l -6 feet  quartz
lat i te blocks.  Pumice erupt lons f rom within and around the Long Val ley
cafdera have deposl ted pumice blankets at  least  Inches thick over the study
sl te on several  occasions withln the last  2000 years.  Hore such erupt lons
can reasonably be expected in the near geologic future ( tOO-1000 years).

The most ser ious hazard to the study si te would be the erupt ion of
Hanmoth Hountain,  especial  ly  an explosive erupt ion.  Ash, ptrmice and blocks
of rock up to feet  In diameter could be expected to fa l l  In the study sl te,
possibly wi thout warning. The chances of  such an erupt ion are remote but
f in l te wi th ln the next 100 years--aUout t  ctrance ln tn pon dates *
of  past  erupt ions of  that  mountainl-about once every 1001000 years,  the
last  t ime 1501000 years ago. Another volcanic hazard is of  a passlve lava
f low in the Mammoth Creek val ley.  Such an event has about the same chance
as a Hammoth Hountain erupt ion,  but would not const i tute a ser lous hunan
threat s ince l t  would occur s lovly over days to weeks.

Avalanche hazard:  Al l  of  the c i rque headwal ls of  The Niche, Blocky Canyon
and Sol i tude Canyon, as wel l  as the fu l l  north-slope of  the main Sierran
Escarprnent are subject  to avalanche hazard.  The area from Blocky Canyon
to l ' lammoth Rock is subject  to avalanching every winter wi  th severe avalanchlng
taking out mature conl fers of  50 or more years age occurr ing about once
every 20 years in any given avalanche track.  These avalanche frequencles
are determined from increment bor ing of  t rees in and adjacent to these
avalanche tracks.  Even where slopes are t imbered with mature coni fers
local ly west of  Blocky Canyon, s lab and dry-snow avalanches have occurred
judging from evident avalanche damage and I  would est imate that at  least
smal l  avalanches occur over most of  th is s lope at  least  once a winter.  The
slopes of  the canyon wal ls of  Sol i tude Canyon l ikewlse run every year In
normal snow accumulat ion condi t ions.  Only the lovrer s lopes of  The Niche
and Blocky Canyon are wi thout f requent large avalanche hazard along the
eastern escarpment.  Due to lack of  accumulat ion and lor . r  s lope gradlents,
the Sol i tude surface ls wi thout avalanche hazard,  whi le such hazard ls
minimal in the lovrer morainal  topography due to short  s lope segments.  In ; ,
comparlson to Hammoth Hountain,  the avalanche hazard of  the area west of
Blocky Canyon is comparable only to that  of  the maln headrral l  belor ' r  the
sunmlt  cornice on Hammoth Hountain.
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