
Prcfacc to Waohse V a l l e y  area Open File Report 

We wrote the chapters included here for a text to be printed as part of 
the Fdashos City Envix3onanentaX F'o1i.o. Many o f  t h e  maps of' tkzis folio and 1.12 

parti-cnlar these  referred to in this report have been printed and are 
available from the Hevada Bureau of' Mines and Geology, Reno, Nevada. 
References in the textto Geologic Ma.p, Blazard Map ete, refer to the published 
maps and natzlral1.y tkal.s text .is rnost ~ks@a"uZ when used in eonjunai;%on w i t h  t h e  
maps, 

PubXFc rel.ease of this t e x t  as an open file report was precipitated by 
inter-eat in the May 1 0 ,  1983 catasl\wopl.n-ic w e t  debris flow orx SRicdr; Mcauntain, 
Sl.li.de Moui.atain has beerr the site of many w e h a d  d r y  debris f1.ohl.s I n  the 
reeerla; and geo:Logbc past, and we di..rect the ~c?ader  who is parqti@ular*y 
interested in debris flows to sections in the text describing and analyzing 
the hazards i n  t h e  Slide flountain area.. See in particular the descrd.ption of 
d e b r i s  fl.ow:'i in t h e  'Text "co Accompany the Ceoiogica.l Map, the discsussi.on oS 
rockfall ava:l.arrches and wet; c1ebp.k fl.ows in the C;aoJ.og:ic Hazards chapter* and 
the chapter can Flood tiazards and Fluvial. Dekx-is Hazards al.ong Prf r rc ipa i  
Streams, 

Wc are indebted ta Mary Mi ban, @aLh@rilie R l e ~ e r ,  ancf Margcr Maccg~iiro Eok- 
Lkae re;;ourcall"ul t y p i n g  and worsb procc?a:sjr?g anti 530 Knte MoMktsters and Druce 
i$adgors f c ~  the marathon drarting ancl pkaotography that made $ h i s  wpen f i l e  
promptly avai lable ,  
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TEXT TO ACCOWARY GDOJ,OGZ CAL !UP 
k . 1 ~  

R, W e  Tabor ~ ~ n d  3 ,  E l - l e r l  

The geo3.og-i.c: map :i.s t h e  n1al.n sourpoe of d a t a  used 5.n compl.l.l.x~g t h e  Washoe 
C i t y  f o l i o .  A s  such,  t h e  geo1ogl.c: map has rnnrly appl.icat:!.ons t o  t h e  practical. 
world of  I.md-use planning, r-esotar*ce e v a l ~ l z % t i o n ,  e n g i n e e r i n g ,  and t h e  
mS.ni,m%zing of" geologic> hazards ,  and I t s s e r v e s  t o  l.ll.umi.nats $he g e o l o g i c  
Inis'boray caf t h e  Washoe Lake a.rneae T h i s  hr".s.S,orical., w:i.~.ie i s  c l o s e l y  r e l . a t e d  t o  
i t s  practl .cal .  u s e ,  For a comprehensl.on of' t h e  ges1ogi.c Prishary l e a d s  t o  
g r e a t e r  ~ t n d e r s  t a n d i n g  o f  t h e  pr*ocessc%s i:'arVmi ng t h e  e a r t h  maker f a1.s that .  we 
l i v e  on and ~lse,  

Me &lave s e p a r a t e d  this c i ~ a p t e r  of' t h e  f"o14.o I n t o  two see t ion . s .  The f i . r s t  
ssc ie1 .o~ s u m a r l . z e s  t h o  g?;eologi.c h i s t o r y  of' the ar3ea i n  terms under,.;taa~dabIc t o  
tPic layman ; t h e  second clescrli, bes  the slap n n i t s  3.n sornewh$i'c technir:al. tertms 
t h a t  wil.1 be be:& understood by r e a d e ~ s  w i t h  some geologic t r a i n i n g .  

We itd6:n"r;ify and d e s c r i b e  two fundamental. t y p e s  of mater ia l .  on t h e  
geoli.g:ie map: bs&cq$,E- xand -,--.---.- t lnconso l ida te  ---.---.------- d e ~ o , ~ i  .-"-.-. ts , Bedrock 3.3 mostl. y harscl 
and ,  w i t h i r d  t h e  a r e a  shown, rel.at.ivel.y coratinuous beneath  bo th  a s o i l  cover 
( n o t  s h w n  on theha:; g e o l o g i c  map ) ant% t h e  unconsu:l-i. d a t e d  c lepos i t s ,  The 
rxneonso9.f.&tod d e p o s i t s  are m,oslnly silt, s a n d ,  and gravel erotled frown bedsoek 
h i g h l a n d s  and r e d e p o s i t e d  i n  b a s i n s  and valleys on t o p  oi" t h e  bedrock,  

The g e o l o g i c  ~ m i k s  dri.r,c?ussed hercr a r e  grornped ac:cording t o  t h e  processc;s 
t h a t ,  f onned them. Most unc?on~:o3.4.da"ced depclsi ts arc c l a s s i f i e d  a c c o r d i n g  to 
t h e  ma,jor depos i t iona l .  agi;nt--wind, water, grav:j.ty, nr g l a c i a l  ice--,t:,hn.i; was 
pr.maraily r e s p o n s i b l e  f o r  t h e i r  f o ? . ~ ~ a . t i . o n ,  We cl .assl .f  y a few ~xnconsoli.dat;ed 
d e p o s i t s  a s  having Formed f roln ---.-.--en"".~m-e- raalef i e  processes irecause t h e s e  processes 
t h r e a t e n  man and his works,  and we ear% e x p e c t  similar p r o c e s s e s  t o  t a k e  p l a c e  
i n  t he  n e w  f u t i ~ r e  in W ~ S I Y ~ C ~ ~ ?  V a l l e y ,  Sane rocks  and deposi . ts  c l . a s s l . f i ed  unctei-. 
other* headings---f or  example vo:i.canj.c wqocks, g:Lar;l.al morai.ne%, and s a n d s  torae-- 
a r e  a1.90 deriv~?di "om p r o c e s s e s  t;hrbeatc+ning kcr marl b u t  pose nil iar~flediate 
I*iazarcl, 
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o f  t h e  &zr 3. Ranch. 



Three  main c h a p t e r s  o f  g e o l o g i c  h i s t o r y  embrace a l l  t h e  rocks  and  
d e p o 3 l . t ~  o f  Washoe Val.ley, ' r he  f i r k s t  c h a p t e r  is repre::er'lCed by t h e  o l d e s t ,  
h a r d e s t ,  and most e x t e n s i v e  r o c k s  of  t h e  area: baked and r e c r y s t a l l i z e d  
(metamor phased ) s e d i m ~ n t ~ a r  y and volcanic,  rocks  and igneous  g ra faod io r i t e  t h a t  
:i.nvaded these rocks  a s  FBI? npwa'.:l.,lj.ng rrre1.t [O"ig, I ) ,  Pr*obabl.y t h e  mel t  s'eacheci 
t h e  s u r f a c e  t o  form vol.canoes, b u t  today  we see on:i.y t h e  part t h a t  
crystal l . l .zed deep :in the crust as a,n errornous mass ol" r o c k  ea . l l ed  a 
o h  These rocks  owe t h e i r  harclrless to the h e a t  ;mtl p r e s s u r e  t h a t  
f u m r ~ s d  them deep in t h e  Ea r th ' s  c r m s L  M~il-zny t e n s  of' rnil..lion:; of  y e a r s  l a . t e r ,  
a f te r  l,kae:;e ruek:s were upl.:i.f t e d  and exposed by eros.lour, molten rock wel.led i.lp 
a g a i n  and spl.t.3.ed otlt o n t o  t h e  Ear th"  sslzrface. DrsrrqPng t h i s  second p e r i o d  i n  
the geol.iagi@ s t ( > r 3 j r ,  ~ 0 l ~ a r 1 o e s  e r u p t e d  to f13.l val.leya anti b a s i n s  w i t h  h,.ava and. 
v u l c a n l . ~  ri.nhhlo, The "i;lnir*d per:i.od of h i s t o r y  .was ' v w y  s h o r t  compared to t h e  
e a r l i e r  two and encompassed t h e  depcrsiti.on of' sed iments  in the b8,s;l.n~ and 
val.1ey.s that ,  we see today,  

Thtss, the  f i r n s t  two c h a p t e r s  of h i s t o r y  encompass t h e  f orbmatiion o f  most 
o f  t h e  bedpock, and t h e  t h i r d  t h e  fozmat ion  of  t h e  unconsol i .da ted d e p o s i t s  
a long  w2th m-ir~or voieani.c r o c k s ,  We w i l l .  examl.ne t h e s e  events  and p rocesses  
:i.n more d e t a i l . ,  b e g i ~ l n i n g  wi-th ol .dest  rocks,  t h o s e  cal.l.ed metanorplnic x-oclts on 
t h e  geolwgtc  map, 

About 200 mill i o n  years (an. y ,  ) ago, sedl.ment mxtS volcan1.c d e  btqi.s $sere 
d e p o s i t e d  on an ocean T:loou7 ( f i g ,  In), This m a t e r i a l  cornpaeted t o  become 
s a n ~ d s t o n e ,  s h a l e ,  c:onglo~nerate, :mcl v o l c a n i c  brecci .a  as :kt became deep ly  
burfed t.,~mdes yo~.m,gem* deposj. k s ,  Sq~.neezetl between @r1usta2, b l o c k s ,  t h e  rocks  
were f o l d e d  and h i g h l y  cotnpressed;  t h e  s h a l e  deuel-aped f i n e l y  spaced ,  p a r a l l e l  
c r a n k s  known a s  s l . a t y  cl.eamb;p;e, Blbo~iC 120 m,y, a f t e ~ l  these  rcjclcs were 
o r i g i n a l l y  d e p o s i t e d ,  when t h e y  were s t i l l  m~my k i l o m e t e r s  below t h e  E a r t h Y s  
sl.nl-face, Ckle rocks  were j..ratx'uded by g r a n i t i c  melt (fj .g, 1;-1 tha t .  hea ted  t h e  
o l d e r  roc!ks, New rn:i.nen.*aI.s founmetl a s  t h e  oll.der7 rock:: were  recraystal.:lj.zed 
(metamorphosed ) o v e r  broad a r e a s ,  

The grani."ci.c pock, ca:ll.ed g r ~ a n o d i o r i t i ~ ,  Fs a snna1.l par t  of t h e  S i e r r a  
Nevada b a t h o l k t h ,  a mass of  r o c k  mope thCm 560 l t j . lornete~s  fb) 3.oazg and about  
130 krn wide. The b a t h o l i t h  t o o k  a l o n g  e i n l c ?  t o  foxi'8n; parats a f  it c r y s t a l l i z e d  
a b o u t  200 m e  ye  ago ,  but t h e  g r a n o d i o r i t e  of t h e  Washoe a r e a  cooled about  80 
m,y, ago, 

As t h e  s t r e s s e s  $.urn t h e  E a r t h t  s c r u s t  c h a ~ ~ g e d ,  s v e n t m l l y  t h e  g r a n o d i o r i t e  
and %lie surraoundl.ng met;~morpbic rocks  r o s e  arld were e ~ x ' t  i n t o  by e r o d i n g  
s"creams. Mol.ten rock  con t inued  t o  form deep? i n  t h e  earvl;h, and much came t;a 
t h e  s u r f a c e  as vol.@arIic rock  f . n  mtlch o f  Neva.da and a d j o i n i n g  s t a t e s ,  
Erupt:i.oris j..rr t h e  Washa@ Lake a r e a  began about  22 m,y, ago and c2ontinued ~.nxl;il. 
a b o u t  1 m, y, ago, Xmt most o f  t h e  la,m and volcaraic, r u b b l e  t h a t  have not  beerr 
s t r i p p e d  away by erosion accumulated about  12 rn, y, ago, The ear-liest 
e r u p t i o n s  wcr'e f l ows  of  hot  vol.canl.a ash t h a t  s p r e a d  over* v a s t  aateas w%th a 
r a p i d i t y  sitggesti.ng a l a n d  o f  ].ow t o p o g r a p h i c  x8el..i.eF (fi.g, 1C) .-- , 

A few ml.ll.inn years aftcry t h e  vo'1.canic: aah-sflow el-uptioris ,  rnrlch o f  Nevada 
and p a r t s  sf' t h e  seur*rlornnding s k a t e s  brake irkto nuineroixs narth-"cemdirzg 
bl.ocks t h a t  s h f f  l,ei% up and down al.ong faul. ts 1;o f ornk a tras:j..r1-*and-raw.igc-: 



FORMA1'LON OF TIiE BEDROCK 
200 r l l l  i o n  
y e a r s  ap,o 

Sckdirnents and  vol  can l c ( l p b r i s  
dcj7oai t -c l t l  oal or.tialz f l f s o r ,  

80 m i l l i o n  
y e a r s  ago  

Folded ,  f a u l t e d ,  and e r o d e d ( ? )  
s ed imen ta ry  rocks a r c  i n t r u d e d  
and metmorphosed  by g r a n o d i o r l t e  
of t h e  Sierra Nevada batholith, 

P r o b a b l e  v o l c n r ~ o s  tier ived f ro~n 
e r u p t e d  batlrol-lth.  lrrelt a r e  no 
Zongcr i n  evidence, 

22 na l l l i on  
y e a r s  ago 

A f t e r  tapl.lft and  e r o s i o n , v o l n ~ ~ ~ i . r z o u s  
a s h  flow t u f f s  e r u p t  and s p r e a d  
o v e r  m1.1ch of tlli? S.md, 

F a u l t  b lock  mounta in  r a n g e s  and 
b a s i n s  d e v e l o p ,  ContJnued e r o q i o n ,  
Renewed v o l c a n i c  a c t i v i t y  wf  tl.1 

deposi t -  ion o f  131-eccias arid f l ows ,  
Vsl c n n i c  brcccj  a 
and  f l ows  of Kate 
Fo rma t i  0x1 (l 'kf , 
Tkb ,  T k d ,  T k i ,  l'ku) 

1 2  m i l l i o n  
y e a r s  ago  

a.nd sand of  M L ,  
Rose f a n  ( q m b ,  

.E.d al.l.uviurn 

I d  f a k e  d e p o s i t s  
(Qo%d) 

, , a  > 

--~l:l.uv.inl. f a n s  

:I m i  1.l l on 
, y e a r s  ago 

T'rxe S i e r r a  'Nevada h a s  r i s e n  a l o n g  fau3.l:~; 
Washoe v a l l e y .  and o t h e r  b a s i n s  have  formed. 
O lde r  r a c k s  a r e  p a r t i a l l y  b t t r ied  by s a n d ,  
graves., and f  ine--grain.& l a k e  d e p o s i t s .  
Rl~yoLiCe dome e r u p t s ,  Glac ia l .  m e l t  s t r e a m s  
d e p o s i t  f a n s  o f  g r a v e l  a l o n g  S i - e r r a  f r o n t ,  

1.000 y e a r s  
ago 

I )epos i t iona l .  p r o c e s s e s  corrt-:lxrue ilr; 

l.ake d e p o s i t s  mj.ng1.e w i t h  s a n d  f a n s  
at basin edge.  Movement a l o n g  range.-- 
f r o n t  f a u l t s  cant i.nue, Deb r i s  f l .ow 
dcccl;!nds frorn S i i .de  Mountain,  The 
s c e n e  i s  much l i k e  that: o f  t oday ,  

area ,  i,,bl\.r~;;trat-.ed b y  diagr;irrmrttic v iews .  1~'igure I.,---Gen3.og:j.c l ~ i s t o r y  o f  Washoe \ra.l.l.ey 
GenLogic uni . t s  a r e  showrr i n  part?ntlreses. 



topography siml.I8r to that  we see today. Elevated bloctlcs wer.*ti eroded by 
runni.ng water and wind, arrd subsided bl.o@ks became covered w i t h  debris washed 
down Pt-om the adjoj.n-i.ng hi@l.ands. 8ndes i t i . c  vo l can t  rocks  (Kate Peak 
Fomati.o~?) erupted CJPI the fl.mlts of the rrmountal.11 bl..ock:; and flowed into the 
downm- faul ted valle:ys (f 3.g. 1 Dl , The yourkgest; basal t  and rhyolite erupted trrr:l.y 
a Pew mi,llion years ago onto a land smr-face not grteatly differc2nt from tha.t of 
today, The third c:hapter of geologic trYl.story began as stream,s filled the 
newly formed Yault-bot.~ncic?d basi.ns wj.th aectirnent, nmoskl.y sil.t, atand, and 
gxqavel, The age of the o:Y.tl@f3"iunconsol.i.dated materl.als, depcasl.ted at the 
bottom of' the basin of WasX-roe 'Va:l.l.ey (See Cronn-Sectl.or1 Sheat ,  J-;!,* throelgji K- 
X q  l.s u n h ~ ~ r a ~  hut t;he expo:;ec:l unconsoli.dated deposits range from those close 
-"- 

to a 500,000 years o1.d to sand bl.own by todayq s Washoe zephyrs 

The ol.dest, uncon:.lol1.da.te:t deposits were formed j.12 a number of ways. Sand 
and (5ra.ve.l wasl-led Into tl?e ba3:i.n by ~ t r e m s ,  along wit'rl mi.xtut*es of" mud arrd 
rwck carbrli.ed i .r t  by debrh?.s flo'i.is, a r e  interbedded w1.i-th fl.ne:ly layered sand and 
si1.t Wpical of l ake  deposits, &!ear Hashoe City, o1.d lake deposits con"zaj.yl 
P,bl.n beds of di;ltomlte, a %.rhl.te chal.ky ma"isr.al, made up o f  m_'t.e~uscog~ic 
sl.3.iceot.i~ skelekons of f"reshwa.ter diatoms, a type o f  al.,ga, Most basins 
probably contained lakes on arnd o f f  throtaghot~t theirn hi.stor*y, 

The Pine-grained stream and lake sedlmerzts wel-e partly covered by 
boul.cRcl- y gravel. of' the Mot~nf; Rose fan (fi-g, lE; cr80ss--sactioras D--D and 13-ZEw:IP .---*- 
whicl.1 sprteacf eastward f ~ o m  the x1orther.n Carson Na~ige, L t  1.9 :I.ikelyr that this 
wedge ci:E" gravel. was deposited by gT. aci al. strr::arns overloaded w:i "c;h materials 
eroded by early Pl.eistocene glaeic-?rs. Eroded rnora:knes kh3.t were deposl.teti by 
the early glacie~~s (gl.ac.ial. mot-aine 1) are prowinerat i.n the uppeta drainage of 
BrownB s Creek, 

The  :$teainboat 1-Xil:l. r-hyol:!.te dome erupted abotzt one rni.ll.ion yc-;nrbs ago; its 
e.jecta seem nut to have 'trtave%etl far from tl~e dauile, About 0 - 5  nra.yr, ago, on 
" c h e  other- hnd, volcanic eruptions as Pw away as Mount Lassen in northern 
California were spewi.ng a s h  acrvoss Cal..i.f"csa*n:ia a.rad Nevada, The ash washed down 
.into the bas:i.~ej to become a t h i n  layer* between I..ower gravel. beds of the E"lo~.ml; 
Rose Pan. 

The uplift of the Sierr'a Nevada bl.ock riot only created an impressive 
escar9pmen"cet&ween the top of? Slide Moulltain and Washae Val1.ey but also broke 
and crusl~ecl the rocks along tha east--facing mourztain front, Much oP tho 
nrrovement took place al.ong d:i.screte faults, but  c?onsi.derablcj rwck on either 
sick of "tie f?ri~.rl.t:s i.s crauslied also ,  The wea.kr~?r~.ed. rack standing high i-n a 
steep face bwwke loose periocj I. cally---perhaps clu~ing earthquakes generated by 
movement on the '8u:l,t~s.-.--:2nd erashed clown steep slopes as 1-ockfall  avalanche:^. 
The huge, mpid1.y ~novi.ng masses of raack f ragments, bmoyctl by cnt~apped air, 
rushed  down the vkll-ley of Oph5.r Creek and atl,join:lng creeks and  came to rest in 
steej3-frunCedf bul.bous pi:les on the f l a t  flooz* of the v a . l l s y ,  'Tho earliest 
exposed debr9.s PLobt f porn S:L%de Mousatai.n may have come down during or-. shortly 
aP"cer2 the eartl.y Pl.eistucene glaciatj.orr (Cross-Se?cti.cm Sheet a,--.-, 1-2'  1, b u t  at 
least seven ruroi-e f:I.cws carllc? clown mmy thot~sands of yeat-s :later; the lahesl; 
four  crashed down since about 1100 3rear.s ago (rig, IL), 

W k n  "ch eaaly PI eistocene gl aci  ers rec?cdcdl streams buil.d4 rlg the Movrrit, 
Rose fan ceared depositix~~ outwash and legan cuCtilzg canyon8 into the fan. 
Depuoi t i on i rl kJn:3lncje Val J e-qr pr-obabl y eonti nuerf , mcl, an today I nwaterial was 



d e p o s i t e d  by :streams and wind; much was deposl. t e d  i .n  l a k e s  ( s e e  cruoss-sec"ion3 
I-I'l arad K-Kt). St~'t?ams Srom ].ate P l e i s t o c e n e  g l a c i e r - s  added more g r a v e l  t o  .---.-.- 
t he  Morrnt Rose fan  GlacTaL ~ ~ " c a s h  2 ( 50,0OC).-,ltiO, Oil0 y e a r s  o l d )  s p r e a d  o u t  
from g lac ie r .3  i n  Galena Creek and apl.'l:l.ed down Brc)wnPa c r e e k ,  Smal le r  
glar,:i. ers on S l i d e  Mountain dumped coai'sc boulder'y gravc?l. j.n"t;c> the major. creeks 
which d e p o s i t e d  t h e  grave.'l j . r ~  d t x p  far? on t h e  floor3 o f  Mashoe Va.l.l.ey, Younger 
i.ce advan@a:s abou t  10,800 g~earb:n, ago l e P t  n~or*ain@w ( g l a c i a l  moral.ne 11) , but  t h e  
oittwash was l e s s  exten?s.i.ve t h a n  t h 8 t  frqom e a r l i e r  advzfltres, 

Farxl ti ngy; cc~ntiazued d u r i n g  t h i s  time as t h e  Cars on Virginia Ranges 
rnose hj.gher re laf ; i .ve  t o  t h e  vaI.l.eys, A few b3.oelts of s1ci.e~ al l .uvia l .  depo3:j . t~ 
were caught; up between fatrl.t,.i, rnost:ly along tile mat-g4.123 of the  val.Leys , and 
t h u s  were exposed t o  e r o s i o n .  

The most recent. t~n.consol.ldatecl d e p o s i t s  r e f l ~ r t s t  t h e  d e s e r t  cl.ima.ta 
11revai.l.ing today  t o  t h e  east, 1 ) e p o s i . t ~  or1 the e a s t  si.tle of Washoe V a l l e y  and 
Pocall..y on t h e  i+es"cide arid on Steamboat:, are  ral.ch i n  windbl.own sand ,  
Rain  is  s c a r ~ ~ e ,  and orzLy an oceas.i.ona:l storm Sl.tx:?hes deb~*i.s down t h e  c!reeks 840 
mix  w i t h  the s a n d ,  On the west s i d e  o f  the val l .ey ,  xatamercalxs s t r e a m s  
con t in laa l ly  carr*y s:w~,d and graavel. down fvom t h e  Carason Ra.a?ge and spreat l  them 
o u t  i n  Wasklt>e Pl.easant  Val-leys,  where t h e  winrclb:lo~~~rl sand i s  l o s t  i n  t h e  
rap:i-d1.y acctnxxaellat-i.r~g : ~ t r e a m  d e p o , ~ i t s .  

Much of' what 'has happened i n  2;he Washue Val.l.cy a r e a  i.n a t  l e a s t  t h e  t h i r d  
p e r i o d  of i ts  @;eol.ogic h i s t o r y  may happen a g a i n  churing manPs oci:upation of @he 
v a l l e y ,  I n  t h e  d e s c r i p t i o n s  t h a t  %al low,  we h8ve emphasized t h e  rnalePic 
p r o c e s s e s  by g roup ing  t h e i r  d e p o s i t s  undet- one headj-ng, The geologic s t o r y  
s t i l l  goes  on i n  Washoe V a l l e y ,  

Met,amorr>ho:3ecii srintlstone, s h a l e ,  oonglcwner~ate, volcanic; tul-'f" anti b r e c c i a ,  
and miraor i.mpure I.imestone (:POP o u t  i n  steep3.y d:l.pg~l.ng north--tuberrcling beds  i n  
t h e  n o r t h e a s t  qi.lart;crx oP t h e  quadr1ang:l.e, Most of t h e s e  yqo(?ks a r e  ther*mal.ly 
msta?nopbcr~ed, and near .the c o n t a c t  w i t h  g r a l a o d i o r i t e  %;bey are compl.eteLy 
r e c r y s t a l l i z e d  to bl.ack hcrr.nfe1.s or mica p h y l l i . t e s ,  S la t ,ey  c?levags r u n s  
pauaail .el  t o  t h e  i n t r u s i v e  eontac"cnor.'Llneasa; ctP Wow Washoe C i . t  g r ,  The 
occ\,!rrence o f  s l . .a te  and h o r n f e l s  e a s t  o f  Pl.ea.cl=xB; '\ral.l@y srqgt;ests thak t h e  
i n t r u s i o n  l i e s  not f a r  below, a.n i .nference  s i l p y o r h d  clby some %rater-well  d a t a  
( s e e  Cross--Sections S h e e t ,  c r o s s - - s e c t i o n s  -- C--C9 and -- D - D t ) ,  Metamorphism i s  
l e s s  in te r t se  n o r t h  of :Pl.easant Val.iey, a l . th ts t~gh t h e  g ranod io r f - t e  is e x p w e d  
J u s t  r z o ~ t h  o f  t h e  cjuadrar1gl.e (Thorn~sson and Whi.de, 19613, p, 1) 

I3eta.j.led descyj .p t ions  and cl.~emi.@al anal .yses o f  the me'cax~)~arphl.c rocks arae 
given b,y Thorapson ar~tl White ( 2 (3611, p ,  ALI-AT 0) , who suggested t h a t  t h e  rboc!ks 
may be a f  Tr:i .assie a g e  o r  oldera on t h e  b a s i s  of 2;he-rf.r :%iznilarl.ty t o  .- 
I'"ossi:l.i f erorls rtocks of neal-by area.3. 'The rnetassdi.nwe?ntar y rocks a r e  t i g h t l y  
I"ol..ded, but a Pew o b s e r v a t i o n s  o f  graded beds s u g g e s t  t h a t  t h e  sequence t o p s  
most1.y t o  t h e  wes t .  Falr1.y cotltinuou,.: majorb rook un l . t s  arc? probably  p ~ e s c n t ,  
as I n d i c a t e d  by broad bands on colort  a e r i a l  p ~ b o t o g ~ ~ a p h s ,  h u t  we were unab le  'Lo 
f i n d  d i f f e r e n c e s  1.n t h e  rock  on t h e  ground e x c e p t  f o r  one narrow, 
d i s c o n t i n u o u s  bed of v o l c a n i c  b r e c c i a  and conglomerate ,  
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Fi.gure 2.---Modal. cornnosition of hombI.end.e-,hio.t;ite granodiorite fron Carson and Virginia 
Range:;. 1.6;1-.'73 -i s an a-Lm:ica,l phctsc (about 2% bj.0-t:i-te) exposeil. .n :Lower Franktowr~ Creek. 
Sa,mple wLL-$60, d.at;ed. as '(4.7 may.  , i.s from dri.l.icore ob.ta5.netl north o:f' New Washoe CS:ty, 



Shal..J.cm s e i s m i c  r e f  raet;:I.on p r o f i l e s  and water--wel.:L Q a t a  ,j-lldiea'r;t?: tblat 
g r a n o d i o r i t e  u r lde r l i c s  t h e  Mount Rose f a n  and p a r t s  o f  P l e a s a n t  Val.l.ey ( c r o s s -  
s e c t i o n s  Cz--' ,I)-D *,  and .---- E-E ? ,  G r a n o d i o r i t e  p~lobab:Ey f l o o r s  the  basin c~1" 
Washoe Val ley  (crross.,-sectio11 -..--- W - W q  throtlgh --.*-.-,. K--Kq , a.7.8;lnor.lgh pela t i iwely  t h i n  
3.ayerws of ~ ~ n c f e s i t l . c  vo3.carai.c roclcs pot3sl.b:l.y over l . i e  grqanodior-l le hurai,ed by 
all.lr.ev:lum A magnet ic  h igh  found hy a r'eg:i.onai aeeao~nagrxatic ~ t u d y .  (Dempsey and 
Vargo, 4965) s w g e s t s  t h a t  t h e  couahet  between t h e  graraod.i.or-ite and 
~ne"l;asedimenta~y rocks  that ;  i.s exposed n o ~ t k  of Mew Washoe C i t y  swings north, on 
" c h e  west sS.d.t: of' il,i"F;,J.e Washoe L,akc.: (Tine dott)ed eontachon C e o l o g l . ~  Map), 

Hornbl.ende d a c i t e  po?jQrj di  k e s  - -*---,.---.-,- --.------... "".-. "" 

Gray t o  P>l;zck dael.l;e cl"i.kes 2 t o  6 m t k l c k  c u t t h e  gr*anadicsrite w i t h  s h a r p  
c o n t a c t s ,  They a r e  diTf".i.cnl,t l;o d iut ingmi .sh  i n  the Pie1.d from anclesi.te dik:es  
o f  t h e  Ka,tc. IPeak Poi*rna't'ion, The dacite d i k e s  c a n t a l . n  phonocrys t s  of 
plag.ioc?lase, harnb3.ende, arrtl quartz (ge1aeral.l.y st!-ungly 1-esorbed) In a f ine-  
gra:$.ned ko% oerbys t a l l i n e  ggrrsundmass of q u a r t z ,  p l a g i o c l a s t ? ,  potassiury~ f eldspat* 
and opagno and a l t e r a t i o n  mi-riel-al s . The d i k e  on St,ezmboaS; HI-1l.s c o n t a i n s  
poundmass  cline yryrboxene. 

D c s l i t e  t u f f  showrh as the H a r t f o r d  ij411 Formation on the  g e o l o g i c  ~ma~tp- 
-I-I_- ----- -.-- -.-- --I,I ---. "" ---- - - ----. -̂ ---- 

A smal.1 ~ w e a  o f  d j . s t inct ; ive  p u r p l e  r h y o l . i t e  Pl.oa,t on t h e  east edge o f  the 
q u a d r w g l . e  i n d l , e a t e s  a r r  tantierlying rhyol.i."ce ash-"flow "eu f i ,  which ip, 
extertsi.w:ly exposed Zeso t h a n  2 km t o  the? e a s t  i n  t h e  V i r g i n i a  C i t y .  
quadraangle ,  The rhyol. i . te  was d e s c r i b e d  a s  the FIartfcwci Hill X?hyol.i.te T u f f  by 
Tbzxpson (9956, p. 50) and Ronham and Papke (1969, p, 23-25). Recen t ly ,  tE4i.s 
name has beer1 abandotlecd. i n  f a v o r  of a r*eflneci :?ubdtvis lon (Bingler ,  19781, bu t  
we do not  know wk>cr;re the r h y o : l i t e  :i.rm WasInoe U*al.l.ey fal.19 i n  t h e  general 
~..l.ayol:f..to s e c t t o n . .  The  r5hyol.ite i s  of ear1.y M.l'.oc?ene Age on t h e  basis of' 
s t , ~ a t i g r a p l ^ i i  I-el.aticms ;md a-aclisametril?: dates (Bor-tham and Paplie, 1969r  p. 25; 
B i n g l s r ,  9 978, p, Dl - .D5) . 
Al . ta  ]?ormat i o n  --.--"-"-.-~." -...- ".*.- -..'..-,~ 

Volcan ic  r*ock:r ass i gned t o  the k i L f , ~  E i ' o r ~ ~ a t i ~ ) ~  crqopj o u t  I n  on1 y a few 
,%all  a r e a s  oP $,he kdashoe C i t y  quadrang le ,  b u t  much of "ce A l t a  i s  exposed 
nearby i n  t h e  Vi rg l  n-! a Rango t o  "ie e a s t ,  wlzar-e f..t owe,-1 te:? t h e  rhyolite 
t u f f .  "ec A1ta For-r~xntl ora h,is been tlescrilscd Jra. dut,aifl by Ca lk ins  (19411, p. 
12- 151, TRiampsnn j 19Cj6, p. 5 i -521, Thorrapgon m d  Wkl1;e ( I cf614, y. A12), and 
Bonham avid Pzapko ( 1  96'1, p. 25-78), Its age i a  e a r l y  ot- middl e Miocene ota t he  
basis of s t r a t l p r a p h y  a n d  radtonne"crjc d a t e s  (Bonbnn 2nd Papke, 5369, p. 27-28; 
WhLtebread, 1976, p, 61, 

:In t h e  Washoe C i t y  q ~ a d r ' a n g 1 . e ~  outcrc:lps of f:h.ows, t u f f ' s ,  and b r e c c i a  o f  
t h e  A:l.ta Farma tl.on a r e  d a r k  pur~p1 .e~  green, gray bl.ack, and brown, F:l.ows are 
gc?neraall.y bigF1Iy atid i . ~ r s g u % a e . % y  f r a c t u r e d ,  brat some f lows have we1.l.-cle'velopecf 
columna,r j o l . r ~ t s .  The P O C ~ C S  a r e  most3.y harnbl.ende axldesf.te, bu t  incl .ude  somle 
d a c i k e  and some b l a c k ,  sornelqha t g:(;iassy soda t r a c h y t e  ('rk~ompson and White,  
I?(il!, p ,  A121 t h a t  c~13ps  o u t  013 t h e  n o r t h  sLde o f  Qtc?nmboat H1ll.s. The 
volcan.i..c r o c k s  are  eomrnonly high1.y a 1  ter'ed t a  s e r f  c i t e ,  calcite, c h l o r i t e ,  arid 
c l a y   mineral.^, i.n c o n t r a s t  t o  t;he u n a l t e r e d  over t ly ing  Kate Peak Formation,  
However, on t h e  nor"i,,h s i c k  of  Steamboat H 3 . 1 1 s  some rtoeks mapped ~ 5 t h  t h e  A l t a  
are re la l : . ive ly  E"re:sh and v c ~ y  sj.nm:ilar t o  t h e  Kake Peak Fosxflat-lon. A h i g h l y  



altered whi.Z;e dike in Galena Creek is similar to the kl.i;a, i n  all reapeect:l 
except forb a h i g h  potassium fel.cIspa.r content in the groundmass, 

Kate Peak Fosmakio~ 
" --.-.-- -.-"- .---.-., - ~-."."--- 

'he Kate Peak PorunatS.um j.8 mostly bl,ack, browrr, and red hor*nbl.enrIe- 
pyroxene andesite in flows and bedded breccias, The forraation 
c!haract,(~rr'istic~IIjv coxatai.ns pharrc>cyets of pl.a,gj.oc:l.ast: and el.inopyroxene I.n a 
fl.ne-gu5ainsd hol.oc~ys"c;.alhsl,ne to part.ly g:l.asay grol~ndmass rich in plagi.ocl.ase, 
pyrsoxc?na, axad o{>aque ox7@ mdneral.~, FPany Flaws coa?Z;ain pt.~enocrysts of 
hornblende or pseudo~iarphs o f  magnetite after hornblende, and a few contaln 
klyp";ras"u;~encl, and, morne rar el. y , 0:). I .v ine, 

The K3,t.e Peak and iks rc~gionaS. relatiions have been t,bo~ou{<hly deseri bed 
by Thowpson and White (4 964, p ,  A12-A15), White, Thompson, and Sandherg ( ' 9  45Y, 
p, 823-.B25), and 130nhnm ("l"369, p. 31.-.3'7)* On t h e  b2.si.s o f  K.-Ar  age:^ for 
hornblene and klatite fpom flows and ink-usive racks oe" the Rate Peals, %he 
fo~!raatj..on is rntddke Miocene (Boxzham and Papke, 1969, p, 132 ; Rl l- tebread, 1976, 
p. 6). 

En the Steamboat I-iills area,, erudel.y bedded "r,s well-bedcled breccias of 
, t h e  Kate Peak tlneonlformanably overlie olcler rooks, preduml.raantly pre-.Cretaceous 
mcatasedl.mentar y roclcs (cu*osr3--,csectJJo~b -.,--- C--C ' , The buceccl.as a.1-c overlale? by as 
inuch as 220 m of andesi t ic  Tl-ows, TCn most other areas of the qwadrangle, the 
exposed Rate Peak is either most ly  breccia or i n t e r b e d d e d  breecias and flows, 
a:l.'L hnugFt c,rcpL>sjiavbes J 1.1 t; he j., nterbeclcled ters;zne arc so poorb that the existenr:e 
or flows :ins Inferyr.ed from c?oncentr.n,tions of a single variety o f  mdesite i r1  
the slope rubble, 

A h o l d  outcxBop o"l"stromg1.y fl.ow b:.znded, gl.assy pyrwxene zan(1esl.t~ on the 
{;ask tboundramb..yr of the ar'ea may be part of an exb rus ive  dome. The corrspicuous 
Fl.ow banding dips e a s t ,  whereas braecctas exposed Just 2;o "ilze north of the mass 
dl .p west, Thunrpsorz and Wh:i.te ( 1  9614, p l ,  '4 ) :tnd:Eeated that l:,he body 1s 
irltrr.zsi.ve, but  "cxe a.hsence of flow barxcking paral.l.e:l l;o courtacts a n d  .the glassy 
textelre stlggest that i-t i.s a dome, yrart,ly eroded, buried by brqeccias, and now 
par* t ly o:~k~~~nied . 

Andeu4-tic dikes o f  the Kate Peak are gcneraLZy g m y  to black,  w i t h  Zarge 
phenoc?i-y9.;ts o r  pi ag1oc.l ase and (or) ma1 3 prl'sms o f  s h i n y  Iior~?blende, Thc 
d ike:j are part l_y glassy o17 canti ea@9 y crys1,alI Lrhe, 

A smca2.l nu*ea of u%ed to bl.a.ck ol.ivixle basalt srilp2;ec"r on the slorthsas'k s:ide 
of Ste;zmboat Bills, This rwek was fncl-uded in the L,ouse"iwn Formatl.nn by 
Thompson and White (99611, p. A17) and White, Thomysson, and Sandberg (1964, p, 
B35 ) , a l t  haugka the basal. t was considc;r*a?d P:ielstocene, aignP.N.cantly yomnger 
than Lousetown at .I.ts type I-oeality about 9,5 km nor th  o f  Virginia C-ity, The 
rock i-mges fror.il dense t o  highly sc?nriaccc:)r.as; some flow t o p s  are r-cipy, Who1.e- 
rnock K-Ar* ages of  ab0rx.t 2,5 m,y, (S.I.I.berinan ant1 White, 1975, p, 1272-1273) 
obl;ainc?d out 3amj:sl.e co:l.leeted J~ist north of" t h e  "inl~hoe CiLy quadrangl..o p:la.c?e 
the fl-ows i n  the Pi:ioeene, 



Steamboat Hills rhyolite and associated dzosits - "--"----.̂---.."-l---.-.~"--" . - . - I - ^ I _ - . ~ ~ - . - - - ~  

The rhyolite dome on the southwest side of Steamboat Hills is at the 
south~n9est end of" a :line of domes extendirrg across Truekeo MFE;:~~OI~RTS (rrorkh caf  
the qnadr*an,g:l.e), The Steamboat Rot SprI.ng,s brbbie up nortileast-, oE "ce  ehme ort 
t h e  smne If.ne, a feature riuggest:i.nf?; that the linea.r soupee of the rhyolit:!.~ 
magn?a is sti1.l hot IWhi.te and others, 1964, p, B3T-B38) ; the rest of the dome 
is m a n t l e d  with cor-1.rse p~.~rnice I"l-awents as I.arge as a .I;h?.rd of a metex. 
across. Smidine f"rscxn the:? dc~rac? yielcls a R - A r  date aP 1,*2  s 0,'I un,y, (M, I,, 
Silbcrman, written coromt.an., 4 973 ; Silbsr~kan land Wh:lte, 1975, p. 1272-12734, 
indic2t t ing a Pleistocene age, 

Around the &a:ie or the dome &s ;J. par"r,ially Lrxdurated depnsi" io  fngula~ 
granul e- to pebble- size E"r8~gnents oT yrur~iec and met:tmorphl r: k>asement rock, 
The ab~tn2ance of metamorlh%c rciclc Fragmentes, best seen in exposures on the 
irtcsrtkx sl'de ol" Steamboat f i [ i 'LL3,  suggests expiosivr: excavation of n largt: mass. 

DE:SCRLPTI(SN OF" UNCONSOI,.l:W>A"I;IEB UNT'IS 

Mate~ri.31 rnust ly deposi ted by :$1-,1*eams 

02d al.S_nviuurr nu c.!oub"cnderrl.ir-!s ycsurlger units in nruch of Pleasar~t Valley 
and Was hoe Valley, Whore exposed, its orange sil t , sand, and gravel generally 
contrast strongly with the gray and white younger sediments, Mos"ccR.sts I.n 
the o l d  alluvium are weathered and clay coated; granitic elasts are completely 
rotten, Bedding is we1.1 devel.oped at only a few exposures. Although Thompson 
ancd White (7 96&, p, 82Ed) stressed the advanced development o f  soil. on old 
al:!.uv:f.un, 14hf ch they called pre-Lake [,ahontan (pre-Tahoe Cf.acl.aZ;ion 1, we Pound 
well"-developed s0i:I.s i.n only two places, The nzain cr1teri.a that we used ko 
separa.te oldenq r~orn  younger al_iuv.lwunn are: wea.the?-i.ng, mostly expressed by 
d:i.sj.ntegl*atl.on of gran%.t:f.c rock types; degree o f  erosion; and tectoni.~ 
Qefolama.tion., rnost:Cy I"anl."i;irmg, IJp.-far.ll.ted old al.l~x,viim just west  of Wastme 
Lake at $he ::or.rth houradary t s f  the area does have well.-.developecd soil.. 
(prl.smat:i.c; dark A I..lor:lzon at 1eas.k O,5 m th3.i::k over a B hor:i.zcrn thicker than 1 
an, w i t h  u?a:l.iche), D m k  soil. wl.tl? :P ca'learaous B hi~r.f.zon I.s less well, 
devc?loped locally on patcl~es of o1.d aS.lmwiurm near the :;out;l?eas,t anxbr'ler of the 
qrxad~mgle, These patches appc:ia.r to be uprarxl.l;ed sll.trers sf slope wash and of 
bedded grtavel and sand t1mt were deposited by strearars on the basin P:L,ats, On 
the other hand, old allrxvitnm with 114-,tie soil. appears t o  b e  faultecSc against 
granod:i.orbite In NWf / h  sec, 15, T, 16 N,, R ,  19 E, 

I-~urm~o~ky top~g~aphy west and southeast of" Little Washoe I,ake and a f'sw 
exposux*es of? bedded gray-grneen "c (orange clay-coated sand and gravel. suggest 
ter~ane rxnderl.ain by olsi a[l.?.r/.iriezm, although a thin cover of mostJ.y windblown 
sand makes the exac t  origin o f  these deposits uncertain, 

Well-1-ounded cobbles and pebbl. .es of g~*anodion*l.te and volcanj.c aracl 
~mc?ta.mon*;r1.?1.(: roclts on two hil.3.s :In and nea.r New Washoe City appear to be 
rc?mrt.ants of crld a:lluv:i.u!n, Thompson anti White ( "1961i, p ,  ALI.14 1 p~%opo:red "chat 
this gravel. was related to an old pediment surface, although the gravel could 
a1.30 be deri.ved %rbc).m Junmbo Creek, deposft,cti when the creek was erroding at a 
higher level t h a n  today. 



A scattering o f  ro~rxlded granite cobbles in a broad df.vi.de east of Li.\;tSe 
Was hoe L,ake indicates another% p a t o h  o f  old al.l.uvi..tarn, The n1a"l.n v;kl.l.ey t:rr*ai.nage 
may have crossed th5.a dl.vide before rormadl.on of the grsrtge now oeeupiecl by 
Steamboat Creek to %he west, 

The o1.d a:l.:Luvj.~xfi cieposits probably ha've a great age vaange, Those w i t h  
well,-devel.oped soils are prcsbably pre-take Lahon"c.rn or p~e-Tahoe, as smggesbed 
by Tk1.~1mpson a n d  White ( I  96Q, p. A241, t~kio compared these sof.ls w i t h  t h o s e  
di.i3c:rti.bsd to the eas-y Morrison ( 1  9641, The other* o1.d al.l~xwLurn may be 
cons1 derab:l-y younger. 

Unbedded &ehbLy sand 
"-*".--"- -..--..,--, ~~.." -..--- -..- "-,"-,-~.- 

Flell-roueaded pebb:les anc! cobbles ~ T I  a I.oose, coarse--:ganil matrlix rorm a 
bar-l.i.ke ridge sc3utheast of '  LE ttl.c? Washoe La.ke, Absence of proraot~nce?d 
weatl~eriuap saggests that, tP11.s rnateabial. may be younger than  mast o ther  old 
alluvium, but the nnatc.?rfal is un ique  and i t s  o r i g i n  1f.s mknown, 

BRS~.  n ~ I . L I I V J . I B ~  and $31 o&e depos5. ts ~"----~"'.~.,-"-"~,,-~-,~-~,,..".-~----""."~~."-.- "..----.- -- .--- - 

SmnalZ basins, mos"r;-gr in the Carson Wr3xnge, w e  f i l l e d  w.l"ch coarse 
granod-ioritic, sand a.nd gravel, Processes crP deposj. klan here may be sr-rtnilar t o  
those now bui.ld3.ng f"ms on the west s i d e  or Hhe main vall.ey, 

Well-bedded gray sand exposed at 2080 rn in an artificial creek in Little 
Val1.e~ overlies red ox id i zc r l  scmd (ol.d a:lltavitam?), Both the gr.txy and red 
sands conta:i.n ct~sboni.rz,er[l wood .l-'rapnenl;s, A ssamp"i..c: o f  ca? 3nnized wood 
collected from gray sand just above the red sand gave a ''6 age of 2060 175 
years before present ( B . P , )  (table 2 3 ,  

T a b l e  2 - - ; ~ @ 2 ~ ~ $ 2 & ~ 2 g ~ ~ ~  of a;?arbhonized wood fragnenta 
, -- -------.--,-- *---.- ""--- 

Age del-,em5~rlat:j..uns by James Bucsk:ley of Teledylao Iso"cpes, l n c ,  

Sample I4c (petv m f : L )  Age (years)  

RkE 08-73 -226 + 17 2060 + 175 
RWT 132-'/3 -- 11 l+ -.-- -I,. g 360 y "-. 80 

Deltaic dcgosl-ds '." ,----*-.---- --.--" ---.---- 

Sbrea~ns entering Washoe Lake ante building deltas of wel.l.-bet3ded very fine 
tcr coame sand. We mappc:d the extent of these deposits by their d a r k  co:lorks 
on ae~ial pha"r,crg~aphs, featuu*es that  probably j.ndlca&e water close t i a  t h e  
surface, 



Materials mostly deposited by wind 

Old td.ndblowvr sand 
."-."--,---.--" ..-- *-- 

Ease of N O ~  WasW~oe CJity, 13r~mn to well-sorted rnedirm to co;3rse s m d  and 
sc?8tlaered wlnd-rac:c?ted pchbb'l es a s  l nrga ao 10 cm 3.n ~il;uneter &tie expused i n  
ths banks o f  an uiznnmed, rnost1.y dry creck xqea@hing the r"lnts ncar  Porahing 
r)na.lure, The oaud i.s predo~ritllantl y connponed of' V P P ~  we1 1 r o u n d e d ,  frosted 
graria~a of  qtzartz and Feldspar with coarser gr-8rlral.e~ of' wo9.c:anie and 
rn@tamorpk~l' c ~oc1z.s. Broad tongue-sha~jed SW@~ 9s pataallelin&$ t h e  creek SU$~C:SI> 
the extent, of $,he deposit, although the depositis mostly overZain by ~rnorc 
recent wind b3 own mat etaial (see scc ttlon enti tled "sand,  und'tff erenti" %bedqr 1. 
Akthowh the role of wind in forming this deposit is primmy, the coarser 
cllasts may ~epresent mate~.iaS contr'i buteti by the creek that; atppreseait cuts 
into the deposits. 

Old sand dunes(?) .,"-.""-" .-*- -."."--,~." .,,.-.. "" -,-." .--.-, 

Smna'l.l., I.rregzn1.a~ vegetated mo~ands a'long the cast sride o f  Waskloe Lake 
n o r t h  o f  the boat ramp a m  composed of d;an31c-brc:~~n fl.ne .to coarse sa.nd, Sand 
I"raorn a rmorxnd j t a 3 l i  north. u f  .@he ramp cumtal.ns as 1111.1ch 8s 40 percent g m y  
rounded gra:i.ns of V.OI.(?;IYIIC rock comylett?ly al.tenqed to c lay ;  tkaa ~1.,4.gl?t hel.ghl; 
of the arec~unds above 'the surtrounding terl-aln suggesh ;3. sand dune ol*ig.i.n, 

Sand und iff c~entiated ----- "9"". ..---- .--" ---- 

Larage areas east of' Washoc Lake are overlain by rather* r~orides@r*ip% 
deposits of" light- to dwlc-brown l o o s e ,  f ln r :  to v e r y  coarse sand with  are 
pebbles 138"" cobble:;, Much of this rnnter*Lal j s  wfndblowa, as indleat-ed by the 
sort? ng ~tlld roundi rry; al" t he  grains; wlrad--Tarseked pebbl-es art? comcin, Altholsgh 
t h i  3 sar~il rnxnurtles almost all @he desert tet9r;ain, it ts mapped only where it 
fowrns the domi nant :irnrf"ic-inJ rnater'ial, probably thinker tln~~rt 1 m thick 2nd 
more orb E C ~ R  fwnti nuou3. 

CarboraS.zod wood fr*agmonl;sr from a small patch of" rxnc:lj..f"f"ererrtiated sand 
east, crf' Uaslioe C i t y  yielded a '13 age o f  360 .-. -i- 80 years B .Pa (table 2 ) ,  

Windblown sand  a.nd dunes -.--"-.----"--"--- 

G ~ a y  "ccr wh:!.te, I . c ~ s e ,  rs3.atl.ve&y wel.1 sornted f f  ne to coarse qtlartz.- 
f e l d s p a r  s a n d  fills shallow swales in the Virginia Range, cornonly in the lee 
oQ the ridges of rises blocking southwesterly o r  westerly winds, Depth of 
t h i s  rnater3.al. praobably ~anges from less than I to about 11 m. lieca~ase we 
identified windblobrn sand on the basis of color In aerial photog~aphs, the 
sand may be morn extensive than shown; It grades into o t h e r  mantling 
materials, mostly undifferentiated s m d ,  

Dunes al.ong the east side o f  t.fa.shoe Lake arae> cc~mposed o f  a r ~ g u l a r ,  
gexisi.%all.y f .l.n?e-to eoaxysav-grnali.ned qua r t z  arrd feldspar* i n  poor1 y devel. oped t0 
well.-devel.oped beds, dipping nou*lheas t , that are mostly bare o f  vegetation, 
We h , v e  no data t o  i.rrdi.cxi"i that the? dunes are ~flu'vinps, ows g%*ow:Lng e a s t t ~ a ~ d ,  but 
we m a y  assmtnc: 'I;"nat they are. 



l,a.ke de posi. ts 
Old 3.ake d c ~ s i t s  -,,"--."----- 

Thin beds o f  f i n e  sand ar~cl s3.lt, I.orsc.1.I.J.y. dl-atomacoouo, a r e  b e s t  exposed 
i n  a d i t c h  nortlrwest o r  Washoe C i t y .  Thompson and WhiLe (19614, p. A251 
i n c l u d e d  some o l d  l a k e  d e p o s i t s  i n  t h e i r  pre- lake  Lahontan unit and r e p o r t e d  
d i  atom j.den^cl.l"'ica"c:19ns cor-isl.stent w i t h  an e a r l y  P7.el.stocane a g e  assigmenl.;.  
The l a k e  d e p o s i t s  in te l . f inger  westward w i t h  t h e  s~a'kcf f a e i e s  o f  t h e  Mount Rose 
f a n ,  which  has been S ~ C ~ W Y I  t o  be abou t  0 ,5  m a y .  o l d ,  West oF I , F t t l e  Washoe 
Lake (W1/2891i91/11 :gee, 24), an e l o n g a t e  patc?h o f  ol..tl l a k e  d e p ~ s i t ~ s  is mislabl .ed 
" d e l t a i c  d e p o s i t s v  on t h e  g e o l o g i c  map, 

E a s t  ol" Washoe I,ake, o l d  stx*and I:E.nas and water-we].,]. d a t a  i .ndl .cats  a 
eona-ide%rakrl.e area u n d e r l a i n  by urlexposed l a k e  d e p o s i t s ,  shewn on t h e  map as 
t h i n  e r r~d i i f re ren t i a t ed  sa.rld. The s1.d l a k e  deposits l i k e l y  extear1 t o  t h e  n o r t h  
~nndar- t h i c k e r  r.~ndiffarealtia"i;ed sand as well.  ( c ross - sec t J -on  --..- I-19, ,-- The o ld  
s t r a n d  Lines  genc?raLLy p a r a l l e l .  t h e  pr1ese:nt l a k e s t ~ o r e ,  a r e l a t i o n  i .ndicat ing 
t h a t  they- fomned when t h e  lr&e s t o o d  h i g h e r  t h a n  t o d a y ,  

Lake d-sits ----- --,-- 

The youngest  l a k e  daposi ."c~ s f  me~i ancl aarrd &rue exposed around themargj.n 
o f  t h e  lafce. Th1.s mater*ial. !nay ove l - l i e  a v a r i e t y  sP oti.ier d e p o s i t s ,  and some 
areas mapped a:., Lake d e p o s i t x  i n c l u d e  wave-cut; berzchea i n  o ther  m a t e r l a l . ~ ,  

G l a c i a l  d e p o s i t s  

Large amui~nts  of  sJ.l.t, sand ~1' ' i l .~*~f l -  and bol~l.dc1~as were deposi. bed al.or~g 
t h e  east s i d e  of  t h e  Carson Rmge by P l e i s t o c e n e  g l a c i e r s  and t h e i r  me l t  
streams, The mast e x t e n s i v e  glacial-moraine and outwash d e p o s i t s  are I n  
Rrtowns and Galena Creeks ,  Thomposon and Whl.'l;e ( 1 9611, p ,  A20,-211 d e s c r i b e d  t i le  
major glacial deposj . t s ,  and t h e i r  dese r j .p t ion  of' o l .dcs t  glacial. d e p o s i t s  arad 
of' T a k e  and Ti.oga T i . l L s  a p p l i e s  w e l l .  t o  u n i t s  mapped h e r e  a s  glacial rnoralnes 

z2, and 4, respec"cive1.y (see t l ~ ? ~ ~ e r : j - p t i n  04" unj. ts ,  Geologicsa:L Map), The 
matn exb i t e r l a .  t h a t  we used t o  d i s t i n g u i s h  rrloraine ages are n e s t e d  rel .at l .ons 
and degree  o f  e p o s i o n ,  a l though  we a l s o  used o v e r a l l  degree  of weather ing 
vxheine t h i s  was c o n s i s t e n t  w i t h  t h e  other- c r i t e r i a ,  

GJaotal moraines  --.- ---- ---. ' 

The o l d e s t  snorai.ne ( g l a c i a l  mor'aine 1)  i s  kx.9.ghl.y weatbic?rcd and eroded t o  
i n c o n s p l c i o u s  mounds; t h e  g r a n i t l e  rocks are e n t i r e l y  r o t t e n  and r a r e l y  s e e n  
on the x~zrfacs:. 'Yo'ianger mun*al.nes have rl:i.st:iLnct r i .dge f a r m s ,  and t h e  gxbanitl.c 
rnoclts axie lvrtxch Prea her  and klcarbder., In gl;l.cia:k. muraj.ne 2 (prmobab2.e %hoe age  1, 
" c ~  granlt: 'r .b roclcs a r e  r o t t e n  t o  p a r t l y  I-o"r;ten beneath  t h e  sl.arf'aee, The 
surf"ace granitic?: rnocks, tl-roug2.1 we;a'l;herec% arrd rouur.cfsd arw generally hard,  We 
i d e n t i f i e d  glacial moraine 3, l.ocali-zed above upper* Pri .cc l,ake ( f i g .  3) arad 
a l o n g  upper" Galena Creek,  a s  s e p a r a t e  r idges on3.y; t h e  deposits are - -  

inrPi?-~t in(gl iska  b l  e 3"rnon t h o s e  of  g'J.ael.a,'l. morlaj.nt? 2. Sm1al.l moral.rbes of gl.aeial. 
rnoraixle 4 ( p r o b a b l e  ' f iop~;.~ a g e )  a r e  g e n e r a l l y  s h a r p  cr*easl;ed and coverbed w i t h  
many f r e s h  an@l.ar" graraitfc b o u l d e r s ;  buxaied boul.der8 a r e  nr~ostly angrrlar ant! 
m0st:i.y f r e s h .  Mora:S.nes mapped a s  undl.ffr- ;renti .ated ase n o t  n e s t e d  and (or t )  are 
mb.l.~dous:l.y weatberiecJi and eroded.  



The n e s t e d  rqe.latiorrs , overal.3. d i s t r 6 i b u t l . o n ,  e lvos ion ,  m d  wea the r ing  of 
. the  mora:i.nes indl .r :ate t h a t  g l a c i a l  mar-aine:; 2 ancX 4 probab ly  rjurrcspond t,o t h e  
Takmoe (abou t  12hy0QO-62, 000 y e a r s  113, P , )  and T%oga ( a b o u t  52,000-9808 years B ,  
T", ) G l a c f a t i o n s ,  a s  sugges ted  by Thornpsor~ and White (19614, p ,  A20-A21; 
aYi,sol.ut;a ages  are From B\.irke arid Birkel .and,  1979,  p 21-"51). Tho prababl. , l j . ty 
, t h a t  t h e  coarse boul..tlc?ry r a c i e s  of tkrc Pluunt Rose Pan :Is outwash assoc4.atsd 
w i t h  g l a c i a l  morsaine 1 and c o n s i s t s  o f  c1eposi . t~ assoc l . a t ed  w i t h  one or more 
prbe-Tahoa G l a c i a t i o n s  is dl.sc:uased Esel.sw, Unvege"r;.ted naogl.acial. moraines 
o c c u r  u p v a l l e y  from g1ae-i.a.l nox-aine )I (probals1.e Tioga ago) west  of Hidden 
I.,a k a . 

Gl.aei al. outwash depcnsj..l;s 2 and 14 a r e  assoc : i a t ed  w i t h  and down:j.i:,rmeam f rsm 
moral.nes o f  t h e  sarnc? age.  Gl.;aci.nl. outwash !I cannot  Ije eas l . ly  dist"i.ngu:lsheid on 
the  surface ,  in Ga3.c-?na Creek,  and graxl i t i .~ :  boul.tiers :i.n gl,aci.al o11,twash 4, whi.cl.n 
over l i . e s  depo,critn o f  g1ac:Fa.l. outwash 2 ,  may e x t e n d  f a r t h e r  o u t  o n t o  t h e  Mount 
Rose ran and may be px*eserlt :in Browns Crbeek. 

Depos:li;s of the Mount Rose Pan .~,.-"-".-,"--""--"..-"----,--*." ----" ,----,---. "",- 

Bet~~lreen Reno and Washoe Vnl.Ley, a braoad bcruldery s u r f a c e  : ~ l o p e s  eas tward 
from t h e  Carson Nazge; t h e  even  s l o p e  o f  t h e  srr~:*face is  b e s t  a p p ~ l e o i a t e d  frcxr~ 
Mount Wtsse Elfghr.~ay (Nevada S t a t e  Ilighway 273, which c:l.imbs the  faan near t h e  
n o r t h  boundary of  thi.: qtrnadrangle, We have ca3.led t h i s  f e a t u r e  the Mount, IFof~s 
rim, a term. h e r e  used descrS.ptri.ve:Ly, because t h e  overa1.l o r i g i n  of t h e  s u r f a c e  
i-s pru%abl..:y much rnorc:? cornp:l.ex ti~anl sLi.mpl..e al.luv.:lal-f a n  i.n acr:~mula~ti tsn ( s e e  
'Tl-xc~mpsol? and Whi-te, 1964, p, A113), A l a r g e  pa r t  of  t h e  f a ?  i n  the Washoe C i t y  
quadrzir>gl.e i s  covered by gl.aci.al outwash 2 oy. t h e  Xahoe ( ? )  Glnc l . a t ion ,  

Coarse bouli lery dcbr$,u k r i  th mtiaorb silt and s a n d  rnaltc~ ill> tire Mount Rase 
f a n  nort,i?wesC o f  i , $ t t "Lc :  Waohoe 1,alcc. The b o u l d e r ~ i  are mos t ly  grranodlkorita ilnd 
voZcanic rock  w i t h  mirlor rnetarnor*phi c r o c k ,  Boulders  -in Bowns C!rei;k ar" 8s 
Zat-ge as 2 rn a c r o s : ~ ,  The? g r a n i t i c  bou lde rs  care thoroizghly r o t t e n  and ra lqe ly  
Pound orl t h e  s~xrl"ace o r  t h e  frm, :ti though ?,he fan i s  1JLter3erJ. w i t h  g r m i t i c ?  
aand f d l  sj nteefrated b o u l d e r s ,  Local -L y, elasl-,s are predomin:xatly of 
volcaf l ic  rock rescmhJ ing  Kate Peak l a v a s ,  m d  the matrJ x: i s  &t~ffa@ecstas, 

I n  a d i t c h  nor-th.rj.est o f  Washoe Cl.tp, c o a r s e  r u b b l e  of t h e  fan. 
i n t e r t o n ~ e s  w i t h  beds  of firre t o  c o a r s e  s ~ m d  tha,b i n  t u r n  i r ~ t e r f i r r g e r ~ s  
e a s b a r d  wi."r;h lakehdda of !.ami.riated ~ i l t  and sand r i c h  i n  d ia toms ,  A thi.ck 
s e c t i o n  of  thin-bedded s i l t  and s a n d ,  somewhat indurba ted ,  is exposed n o r t h  s f  
Lower Browns Creek. I n  t h i s  s e c t i o n  a r e  i n t e r b e d d e d  w h i t e  glassy t u f f s  
e s s e n t i a ? . l y  iden"ccal  irk trace--elemertt  coiinpusition t o  a ptkmiceous t u f f  e r u p t e d  
ne8.r Mount I.,ansen, Ca1.iFornj.a (Sarraa-FSo;jcicki and o t h e r s ,  9 977).  A fisn.i.on- 
t r a c k  a g e  on z i r c o n s  from t h e  t u f f  i n  Was1:1ae Valley i s  860,000 - + 2J40,QOQ y e a r s  
but  paleorf~agnetfc  d a t a  and new age  d a t a  an t h e  c o r r e P a t e d  pumice t u f f  of  t h e  
Lassen r e g i o n  place  t h e  age a t  about  1450,000 years  B.P, (Maper and o t h e r s ,  
1 9801, We cannot expLaSn t h e  a g e  discrepancy b u t  a c c e p t  t h e  chem:l..caL 
corr~el . ; t t ion  and tho  more thorSoughl;)p .irkvestitr;atec% younger age.  

Sketchy d a t a  frcxn w a t e r  wel3.s i n  t h e  area of  Ca1.l.aha.n Ranch Road stnggest 
that, t h e  fi,ne-.ff;rai.ned facie:.! or t h e  fan fM.a~*ge:Ly t~rlda~*13.~?:1 t h e  bouldery  
rnater:Lal.s (c!ross-sec:tions --,."~ D-.Dq ---. and .---., E-E -."- 9 Wh~l.tt., Tktoxnpsan, and Sauxdl~srg 



(1964, p, D39-"~ f \O)  a l s o  repor-ted :'3mc1 and pebh'i y g~~avsl from the i ewer hot-izon 
o f  t h e  Tan i n  &-ill h o l e s  n e a r  Stcanlbnnt Hot S p r i n g s ,  The f i n e - g ~ a d n e d  f a c i e s  
may have been dcposl t c d  i n  ow* near  l a k e s  t h a t  occupied a b a s i n  w e s t o f '  
St,eamboat H.119 s. 

B i n g 3 . e ~  ( 1  575, p, 3) proposed t h a t  t h e  Mount Nose f m  was p;i,ac.i.al oubwash 
foxmecsl dt-arlng t h e  klonner Lake Cl.aci.ati.on i n  Thompson and W h %  t e  
(1964, p, A241 c o n s i d e ~ e d  t h e  bouldervy cleposl.ts to be olden*, that i s ,  pr*e-l.ake 
Lakluntan jpre-"rhoe o r  Sher.w'in ( e a r l y  Pl.ej.,~"cocene ora t h e  b a s i s  of' w e a t h e r i n g  
and s o l . l  deel.o~xfit?nt, However, strndJ.es m ~ ~ t h  of  Washoe Val,l.ey along t h e  e a s t  
s i d e  of t h e  Sierera Nevada (C:lark, 5 9 6 1 ,  p. 49-.57; Sharp ,  1968, p, 361--1362) and 
t o  t h e  n o r t h  i n  t h e  Truckee River  t irainage (P,.irkeland, 796,  p, 812-817) 
s u g g e s t  t h a t  s e v e r a l  early P l e i s t o c e n e  ~laeiations o c c u r r e d ,  m y  one aP which 
coul.d eorbrel.a+;e w i t h  gl.acia.1.. moral-ne h a n d  ( o r )  outwash frown t h e  Mount Rose 
f a n ,  The r e v i s e d  age o f  1I50,OQO y e a r s  POP t h e  t u Q f  i n  t h e  base  o f  t h e  f a n  
makes one of' t h e  l a t t e r  @ o r r e l a t i . o n s  more l i k e l y ,  

A larbgs, stromgl.y convex Erm on Winters  Creek a t  t h e  f o o t  of  t h e  Carson 
Rcmge, deep ly  inc l . sed  by t h e  c r e e k ,  is  made up o f  sand  and gran2"c.c b o u l d e r s  
as l a r g e  as 3 rn acu*oss, Surface bor.lIcfiers i.iP g r a n i t i c  rock  a r e  h i g h l y  
wea.thered and some a r e  r o t t e n  th roughout ,  Coarse bouldery  sclnti ex:posr;d I.n t h e  
c r e e k  at, about 2100 m 3.s c r u d e l y  bedded, and t h e  b o u l d e r s  are thorough ly  
r o t t e n .  Both of t h e s e  deposi .2;~ appear* t o  be o ~ i t w a s h  arid nnay well,  be 
c o r r e l a t l . v e  with t h e  widespreacf g lac ia l .  outwash 2 el.se~akaere. 

C;laci.al. ou%wauh and f a r )  lamds:I.ide dagosi.ts 
,.-,,-,-"."-"--"-" .--. ".-" ------ ~ * "  *-,.-.--. ' "-."..,""--- ,--..,.--- ".", 

D e p o s i t s  En t h e  c r e e k  s o u t h  of' W i n t e r s  Creek may be outwash,  but  t h e y  
occur in long r i d g e s  tk~.t could  a3.s~) be t he  selnains o f  a t l sbr i s  Pl.ow, .A envex 
f a n  i n  a anal l  c r e e k  n o r t h  of J o n e s  Creek is s p r i n k l e d  wi th  g r a n o d l o r i t e  
b o u l d e r s ,  a l though o n l y  a I . i t t l e  guhanodiosnite i s  exposed a t  the  ext reme upper 
end o:f t h e  d r a i n a g e ,  whl.c:h :~hows very l.it"cl.e eviderrce of gl .ac l .a t ion.  Thi.s 
ma te r f  al may be gl.aciaL outwash 2 Prom small g l a e i c r s  h igh on tile mounta in ,  
b u t  i h c o u l d  a l s o  be of I.andsij.de orl.gl.n, Unsor ted  graral-tic r u b b l e  wes t  of 
L,ower P r i e o  I.,aice i s  surr*oi.~nded by debr ls - f"1 .o~ d e p 0 s l . t ~  t o  whl.ch i t  Is simi:Z.ar, 
b u t  i t  could be p a r t  of g l a c i a l  moraine 2 ( u n l a b e l e d )  a t  t h e  extreme edge o f  
t h e  qmadrangle (see s e c t i o n  e n t f t l e d  '9XIide Mountain debris flowst9 m d  f i g .  
3)  * 

Deposl ts formed by nna.l.ef i c  processes 

Sorfle deposika  i n  "r,lze Wastloe Val.ley arlea have been crleated by processes 
tha  t can be 1.1armf 121. t o  bo th  people  arid s t r u c t ~ ~ r e s ,  L~xnds1.ides, roa1tEal.l 
a v a l a n c h e s ,  d e b r i s  f lows ,  and f l o o d s  have crqerzted s u c h  d e p o s i t s  and  wi.:ll. do s o  
a g a i n .  Some ma.l.efic: proecsse:; awve c a t a s k - o p h i a :  thwy happen v e r y  rapid].  y 
even by manq s sl;andar-ds, 

Lands.Li.des, as t h e  t.e.rkrm J.s r.lsad i n  th:i.s r e p o r t ,  ape more on* .l..ess c o h e r e n t  
masses o r  r'oelc o r  s o i l  t h a t  have n~o.ved downsl-ope at  rates t h a t  r m g e  from 
barely p e r c e p t i b l e  t o  as much as s e v e r a l  meters p e r  day,  A d e b s i s  f low is  a 
more r8p:i.d downwal.l.eg ?:low of? I.ocna rwck and soil, I?ockfa l l  a v a l a n c t ~ e s ,  a3.m 
c a l l e d  R ~ I I I R % ; S ~ K ~ O ~ S  (Fistl, 1'17!5), awe a. t y p e  of d e b r i s  f low genera ted  by t l ~ e  
f a l l  of e n o m a u s  masses of rock  from s teep  moun%ainsldes,  t h e  f a l l e n  m a t e r i a l  



rl c>wing dowrncan yon at vel. oc"l.. ties cc>xnmorrl.y exc:*eeding 1110 km/h (I4su, 1975, p. 
'130). Wet, debris flows occuxr where a rnj.xture of debris and water fo~nns a 
,thic.k, concrete-.l.:l.kc s l u r r y  khat f l . t~ws duwrr.s%ope (31% downcalayon a.t, vvclociti.es 
~;el?esal,iy as h%gtl 20 I.trn/lar (I-isu 1975, p. 1301, Wet, debris flows grade into 
flows of wateraborne debris, which in $;ui"n grade into Floods as the amount of 
water increases in proportion to the wei.gkrt oi" d e b ~ i , s ,  

We have mapped deposLts of d e b r i s  flowv and EIolocene floods separately, 
btnt most of dkae rnater:i.al. csf all.urri.al. fans--,-exeeptl.ng the \qindborbne fracrtion--. 
is claposited by both debris flows and floods, sa that fans aa-cr incltlded kuwe 
with the d e p o s i t s  of malefie processes, 

P1'ms b u i l t  into Washoe Valley rrom 1;he west are  eomposeel of' p a r t l y  
trec:lded, ?.ing.mlar, l"i.lza t c r  coarlse g r a ~ ~ o d i c ~ r : i  tic sand, de~ied from disintegration 
al" the granodi.orite Fied~ock  of the Can-son I%arlge, that lx;~.,s been carried on to  
t h e  valley floor and spread 3.n broad1.y convex fans by periodic floods and 
debr9.s flows .i.s:jtaing f'rom laha can yona of year--rn~.;tmd strearrrs, The fan and 
intex~bec%cte~l .lake dsposd . t s  range: 4'"rorrz il.sss than 1 to more than 400 rn thick on 
the bas:&.s o f  grav.i.ty ~ t u d i ~ ? ~  sE" the vaJ.Ley (see Cross--sectl.tan Sheet), and 
.I.ntcxa?.f~~azger~~ eastward with fine sand and si.lt a f  ,the deltaic? and I.ake dey~osi.ts, 

The broad e"<m deposits o f  Pleasant Valley are most1.y bolllcleiny ginavel and 
sand.  The sand f r a c t i o n  5.s generally finers grained on the ea:it s ide  o f  the 
val.ley, The fan 07" Galena Creek i.s at least 6 m hi-gher than that o f  Steamboat 
Creek; the? two fa.m are separated by a steep, eroded escarpment. W~1..I.-sor~ted, 
wel.1.-bedded volcanic ash and fine quartz 9 ~ w d  1_enscv arbe exposcd in the 
escsarp~ent out into the Galena Creek fan, Very f:i.rle to coarse-ga-ained 
deposits f orriling Pans east of Mashoe lake arc predonri nant3.y gran~diorftic, 
sand, rfiuch of which i s  d.ndbl.rjwn, 

Pebb1.y tc:, boul.tlesy sand 3.n rnostl.y steep sitled fans is deposj..t;ed at the 
mou"r;hs o f  several, gtrll.i.es or canyons that general..ky h3.w :I.:ittlc? or~no r3unn:1.rlf?; 
w a t e ~ ,  Addition of coarse materials to these fcms i s  probabl-y sporadic and 
ca"l;a,rptophi.c. The Junibo Ci-eel< f an  i .s  mostly cmposed of fine to coarse sand 
with scat,tered pebbles and gra.vel. lenses, We mapped the extent of the fan by 
i t s  greater content, of? coarse pebbles in comparii~on v i a  hsurieraund.i.ng 
depos:i..ts, Some water i..s al.ways present in Jlxmbo C ~ e e k  canyon to the east, but 
muck o f  t h e  Jum.bo Creek fan has been bui3.t by the sporadic sto~ms that feed 
the cr~ek 

kile rrecugni.zed deposits oP sorne 03.d l.and,slidc?s by theirs m o r ~ ~ l ~ o l o g y  o f  
El.ats and esearnpmen"T,s, sim-ilar to a giant s t a l r ;  o f  others, by their 'n\rrr~nior:lcy 
tspograp3hy with cjr* w:i.l;hout a corzcnve scxir at the head. Much of the a1.d 
I.a;mdsliti~? debris in t h e  Car-sour Range is unsorte?d rbubble, partly to h:lghlyr 
weathered. The old lmd:_~lide orr the northeast side of Sl.fde Mountaln has very 
subdued, 'nmmwlocky topogra.phy, but the coneavit y of the seati. is quite- visible 
on aerial* photograpk~y. 

T % I ~  lI.ar-ge a1.d lartds:l.ide on the north s ide  of Pl.ea:liant 'Valley 3-23 kiumrrioel~y, 
outlined at t h e  uppea- end hy a praomi.nerrt, scar3p; i.ndi.vil'idual. b loaks  i n  "c;he sl.ide 



a r e  v e r y  Large ,  though s h a t t e r e d ,  The ages of the_! crld J.;andsl.f..des prqobabl.y 
cover a wide span o f  PLeis tocene and 1Hol.trconc: t:i.me, 

Fresh s c a r p s  ape a s s o c i a t e d  w i t h  ora1.y a few ~amal.1. I a n d s l t d e s ,  excXrtding 
t h e  rockfa l l .  ava lanches  o f  SI.J.de Mot~nZ;ai.n, These s l i d e s  c o n s i s t  m o s t l y  of 
t x n s o ~ t e d  a .ng~l l ;~ r  d e b r i s .  The age o f  sl.id:i.ng is  tmknown, bu"cfeattnmaes are rr~uch. 
f r e s h e r  than t h o s e  oC" t h e  cri.cE t .ar?dslides,  A possJ. b3.e i.nt.i .pient s l i d e  
c o n s t i t u t e s  t h e  hil.l.srlde west of P l e a s a n t  Val:ley; irpegrx1.m bumps and ledges 
s u g g e s t  some c r e e p  o r  movement, desp i . t e  t h e  general c o r i t i n u i t y  o f  $,he bedroclc 
s t r u c t u r e ,  T h i s  s l i d e  is not shown on t h e  geoLogic  map, We recogn ized  i t  and 
a Pew 2 n a l l . e ~  :.;li.des a f t e r  publ.ica.t:i.crm oe" t h e  geolcsl"..~ map and show them on t h e  
geol ogf. c? kra za,r%ds rtlap on1.y , 

De Zwi.s fl. ows .,.---,,--.-..." ---. ",""-.-..."-- 
The debr5.s--~].OW deeposi.ts of Slide Mo1xnta:i.n ;PC: 1,ar~e:l.y t h e  renma1.n~ o f  a . . 

s ernles of ~ o e k f a i l  ava lanches  deaTived f r-am t h e  prolninetlt seala i n  c 1 0 s e l y  
fracr'Lrxred chalw g u * a n o d i o ~ . i t e  on t h e  s o u t h e a s t  f a c e  o f  Sl..i.de Mo1xntai.n ( f i g ,  
3). The cleposi-t,r colnrnonly consiril-, of an \axlasorted mixturqo of bl.ocks o f  
gubanit lc r o c k  .in ;a matri.x of s:i.l.ty sand w i t h  atil.rmr clay, but  some ciepas i ts  
cons : i s t  ol-' g r a n i u c  c l o a k s  as Large a s  3 ara ar?ross wi'Z;ho~.~C matr ix , ,  

Tho rcset;rall avalanche d e p o s i t s  are characterized by pronounced 
3 ongitudiuaal  pi d e ~  as hLgh a s  10 RI nlesar thi.iaa marg ins ,  and by b ~ i b o l l s  f'ronbal 
Tcabcs $,hat, i n  some f ' lows, are more than  38 rr, h i g h ,  The sequence o f  flow 
untl' t s  shown on t h e  geal  o g i c  map is bascd on ri d e n t i  i " i ca t ion  of j n d i v i d u a l  f lows 
or  groups  of f l  ~ w s  and on t h e  xn;crrnera i n  wlnj ch t h e y  a v e r l a p  of' CPOSSCUI; one 
a n o t h e r ,  We have i d e n t i f i e d  jncltvtdtnal fZuw3 by t h e i r  l o b a t e  Puaonts with 
coarcr;ntrJ c r i d g e s ,  by para11 e l  x-ldgev along t h e  mnrbgj na, and by c o n t a c t s  wY?ex*e 
c?xposcd Iru crross s e c t i o n  i n  t h e  gorge oir' Ophil* Creek, 

Both roclcf'al.:l avala.nc)lxe:3 and wet ds kvis f l . 0 ~ ~ 3  hawe been r3c;:$-rponsibl.e for 
t r a n s p o r t i n g  debpis  downcanyon. Dobrb:"P.s fl.ows 1 t hroaxg]? 8 are b e s t  e x p l a i n e d  
as due t o  rock:~a:I.:L aval.arack~c:s because in p:l.acso ti>.c: f lows d i s p l a y  u p h i l l  
t r a j  e e t o r i e s  t h a h c o u l d  on1.y. be caused by high vel-oci. t i e s ,  T h i s  
j . n te rp re ta t i .on  I s  si.appos^.tc?d by t h e  a s s o e l a t i o n  of" these d e p o s i t s  ,awi.th t h e  s c a r  
on Sl . ide  Mourrtairn auld witla t h e  parably b~.ar.i.ed gr'oup of" s l f  de b l o c k s ,  o u t l i n e  by 
fine short, dashes  on t h e  g e o l o g i c  map and shown i n  figure 3, 

Wi th in  d e b r i s  T'ows 4 and 5 (geol.ogic map), and per'hiaaps i n  other f l o w s ,  
are .vei.ns of" t h e  zeo3.ite sti.:t .bi.te; soxne ve in s  run paral.le!l. t o  flow c o n t a c t s ,  
o t h e r s  crc)ssc~.rt the c o n t a c t s ,  FJ:locks 04" g r a n u d i o r i . t e  are al-teered to s o f t  
rrra.t;ersl.al,. w1thi.n 1 m of' t h e  v e i n s ,  Sii.mi.lar v e i n s  et2.t: a k a t k r e d  granodi.orite of 
t h e  s l i d e  b:Locks i r l  upper  CfpP1.i~ Cu'eek 

Much ol" t h e  st;."r.l.l.bita ;al.teratl.on 19 exposed i n  t h e  got-ge of' Opklir Creek 
or1 a :Linearb p ro jec t l .on  o f  t h e  farzl,ts c tx t t ing  the e a r l j . e r  d e b r i s  flaws a long  
t h e  rrxorantairr froorzt. Bower-,u1 Hot Spyping praes\xnaabl.y asc:errcls d o n g  ER fatalk system 
s o u t h  o f  CIph-Er Cr'aek, and h o t  :crpr:f.ngs of ' ~ 1 ~ s  same system may have caused t,he 
a h t e r n t i o n  o f  the? de bris-f"J.ow matexpl.a1., Oxy[;en iso2;opi.c: r a t i o s  f rr t h e  
sl;i:Y.bri.lre and i n  water  of" Rowers Flat Spring arc sl.miZar (1v;m Barn.cs, writ tee? 
Comrnix~~ , 1914) ,  %eo:Lite a l t e r a t i o n  of '  grzml."r,:lc roclcs by hot-spr'irrg w a t e r s  
a l o n g  f a u l t s  has been r e p o r t e d  i n  Colorado (Sharp,  1970, p. B14-B20Ie 





Many rockfall. avvalmches may ha.ve been " e i ~ e e - e d  by ean-thquakes, which 
cou:l..c~ ha.ve I.oosened and shaken free the weak, frat~~ttn~-eb gran.i:i;ic rock; the 
resu:l.t:ing r'oekfal.l would beeovrie a rapi.cj, a.nd devasl,ati.ng fl,.ow, Wet debri.8 
flows may axso be b;rtLgg;ererR by earht;hcyrrake;.s, but these P1os.i~ require water1 
saleaxbatl on of' loose de b p i 3  pr:bor to the eart hcqualtes, 

Of " c h e  e i gh t  debris-4F:i.o~ deposj."r, sstafgi.u?aY~ng as roc?kl"sal.% ava:I.anches, 
debubis Elciw 1 Its cons%c°aerablg older- than the succeeding flows; the flow is 
distl.ncl;ly more weathered and parB"r;ry buried in the aJ_O.z%vivca o f  Wasfloe 
Val.l.ey, Thornpaor, and White (1964, p, A231 estl.maled debris flow 1 t o  be 
h~lsndreds o f  tk~ousanrls of" years o1.d or ol.dewl on. the basis  of s3.milarity I.rl 
weathering 4;o that of o t h e r  o3.d delpusits, such  as t,lirose of khe Mo~xnt Rose fa] 
which we now know to be about 0 - 5  m,y, old, 

A Q B P ~ ~ S  o f  nested gl.aci.al. riixoraine:r .in upper O p h i r  Creek (fig. 3) :guggest 
that some sl:ides posl;cfaf;e t h e  Tahoe (.:'laelation f 125,800-62,000 years B, 1% 1 ). 
A pronounced ridge of g%ael.a:i. moraine 2 (p~obaisle Tahoe age) extends dowra. to 
the norath aide of Upper Prl.ee Lake, No matching sidge occurs on the north 
:~."lde~ al..t%?otagh a piece of the xu~atching moraine forms a proml.nent ridge fwther 
upval l .oy ,  %he Lower end of t h i s  ridge may have been hon.19 away by debris 
f l caws , 

O f  the yol.xnger EJ.ows 4ebri:i fl.ows 5 throu ,h 8 rusheci downvalley within 4 5-11, the last 1100 + 200 years , as deterani.ned by a B: age for c?arbanl,zed wood 
debris (sampl.rq"kli' 70F3-s'14; (W3239) in scd3.naent berried by debr:x'.s flow 5 Two 
separta"i;e namysles of cl~arboal  fro~11 deposi.ts at the ba~es of an. older f:la.iur 
(debris I " l ow  4) give what appear. to be a.nonmal.orxsly yaLlng ages: 630 .i- 200 
(sample RWT 98--11,-74; (W3020) 1 and 550 + 200 year's (sample IIKJT 98-B-.~Q; 
(W3228) ) , We canno.k explaf n these age:] if the samp3.e~ came f rwrn beneath 
d e b p i s  flow 4,  as we onqigi.maaELy thorxgkt. 'The exposed layeii. sf chabcoal. debris 
may be part a% a yraunget- canyon fl.Ll%ng plaxkered on the steep expcssures of 
"the o l . d e ~  debris fl.ow, The 1'100-year3 age 1.s more re1.iabl.e becatxse :it 3.3 on a 
sample col.lected from a nearly vertic?a.l exposure where khc-: revealed 
st.rbatl.graphy of the debris flaws is ce~tain, 

A roekf'a1.l or1 rockf a:!.:\. ava'lanelas from S l f  de Mountain was reported to 
accompany an o a r t k ~ c l r ~ k e  i.19 1852 (Sl.emmons arnd o"cl-ier, '1 965). Thus, a1.3. 
ovi.tlenee swggesl:.~ tPaz3 . t  roclcfall ava:Lanc"ies have oec:urred repeated3.y over a 
long per4:lod extending into tile recent p a s t ,  El.an[{ate, curving swa1.e~ near the 
crest iaf the moixntaj.~? and parlall.el. to t h e  s l - lde srJir (Pig, 3) swggest,~ crtacks 
bollrntclEng i~~ciys:ier~,C s l i d e  blocks; very I.ailge Inasses o f  w*ock may have bean 
loosened 8.nd now stand rwady "c Fall. when shalcnn by future earthcjuakes, 

The go~u7ge:~t  de  brl.3- ELo\$ deposj. ts (debu3Fs flow 9 , brl-iich appear 2 ; ~  !lave 
been f or-med by wet  d e b r i s  f lows ,  a re  smal.l.eru tk1a.n the older f lows,  are most1.y 
corrfined to c:z%rlyon bottoms, ancl show no evicXence of the high vel.ocLtLes 
associated with rockFa.tl, avalanctles, Ttais distinc?tiua~ is confirmed by khe 
rel.atl,on betweeri voltale and I;rvavel. distance In docixnented flaws reportetl by 
FIsu (19751, sl.kowrr in fhnire 2 of ";;he 12b::apter ent.r'.tled '%eol..oglic hazards,8f 
Vol.~~me and travel dlskanees for reprbeser,2-,ative sxarnpIles of debr3.s f:i.ows 'I 
through 8 lie within the range considered reasonable for roakPalL 

'I Age dotc?m:lnatiorru by P4ey.e~ Airb:i.n, Branc:h of '  Xsotupe  Geology, U, S. 
Geological Stirvey, Restan, Va, Samp1.e location Lm Fig, 3, 



a v a l a n c h e s .  Deposi- ts  of t h e  youngi?st  f l ows  ( d e b r i s  f l ow  9) are  t o o  sma1.i i n  
vol.ume t o  be due  t o  rocI<fa l . l  ; ivalnt?ches and hence  mr.!:;t. have moved as wet 
d e b r i - s  f l o w s .  

Most of t h e  we-t d e b r i s  f l o w s  rnovctl down the v a l l e y  n o r t h  o f  O p h j r  
C r e e k ,  'I'treir f r o n t , a l  l o b e s  a r e  w e l l  p r e s e r v e d ,  and  t i l e  l a r g e  t r e e s  g rowing  on 
chem si.lggest a minimum a g e  o f  at, l e a s t  100 t o  200 y e a r s ,  A remnant o f  f l o w  
r i d g e ,  shown a s  d e b r i s  f low 3 on l o w e r  Oph i r  C r e e k ,  may be  somewhat o l d e r .  

The t o t a l .  volume o f  r o c l t f a l l  a v a l a n c h e  d c p o s i  ts was c o n 3 e ~ v 3 t  ~ - ~ e l y  
e s t i m a t e t i  by Thompson and CJhi.t,e ( 19611) t o  be  aboint 0, 1 km3, We e?t;i.m:ate t h a t  
a vol-ume of' t h e  d e p o s i t s  must  ,it be i e a s t  t h i s  l,:arvge, 

T a l u s  -- 

Angu1.a~ b l o c k s  of' r o c k ,  commenZy r a n g i n g  From a few c e n t i m e t e r s  t o  0.5 rn 
i n  s i z e ,  form s t e e p  s l o p e s  below bedrock  c l i f f s .  Z x t e n s i v e   deposit;^ o f  t h i s  
r u b b l e  occtrr  mosi;ly a t  t h e  f { m t  of' t h e  s l i d e  s c a r  on S l i d e  Mount;ain, b u t  small 
pa"c!,eu, cornrtlonly i nc lude !?  i n  t h e  l a n d s l i d e  dep0s.i. ts on t h e  n'lap, a r e  consmori 
e ' lsewhere.  The t a l u s  may be  cornposed o f  f r e s h  b l o c k s  i n d i c a t i n g  c o n s t a n t  
a d d i t L o n  o P  mn.teria1. f rom a b o v e ,  o r  o f  h i g h l y  w e a t h e r e d  l i chen - . cove red  and  
( o r )  o f  part3.y s o i l - -  and p l a n t - c o v w e d  b l o c k s  s u g g e s t i n g  t h a t  d e p o s i t i o n  
c e a s e d  a lof ig t.irne ago. 

DeposS.ts of  silt;, s a n d ,  g r ave l . ,  and b o u l d e r - ~  w i t h  l i t t l e  v e g e t a t i o n ,  l e f t  
by reLat.ive3.y r e c e n t  f ' loods, o c c u r  w e s t  o f  Washoe Lake .  The d e p o s i t s  a r e  
d i s t i n c t i v e l y  w h i t e  on  a e r i a l  pho tog raphs  and we mapped theail on t h i s  b a s i s .  
The f l o o d  d e p o z i t s  a r e  probab1.y more e x t e n s i v e  t h a n  we have shown b e c a u s e  t h e y  
have  been obscu red  by l a n d  rec:Lana'cio!l, e s p e c i a l l y  i n  ?arm areas. Mater' . ial  
e a s t  o r  t h e  canyon mouths  is m o s t l y  s a n d ;  t h i c k n e s s  o f  t h e  f l o o d  d e p o s i t s  
p r o b a b l y  r'anges from 1 t o  3 m .  The d e p o s i t s  i n  P l e a s a n t  V a l l e y  a r e  v e r y  
c o a m e  b o u l d e r y  g r a v e l .  

M i s c e l l n n e o u s  d e p o s i t s  

Sil.iceou.n, si n t e r  and t r a v e r t i n e  ------- 

S i l i c e o u s  s i  n t e r  cvld t r a v e l - t i n e  make up small.  w h i t e  p a t c h e s  on S t eamboa t  
Wills. ' r lh i te ,  Ttlompgon, and Sandbcrg  ( ' I  (3614, [I. B 4 2 )  d e s c r i b e d  opa l . i ne  s f  n t e r*  
( S i 0 2 )  si.m:iiar* t o  t l ~ e  srnall p a t c h  n e a r  t h e  no!- thenst  c o r n e r  o f  t h e  
quadr7ang.le,  Tr .a ,ver t ine  ( C ~ C O , ~ )  mantle:; t h e  a r e a s  shown on t h e  o l d  landsl.i .de 
above  i"l.easarit Vall-ey;  t h e  o c c u r r e n c e  o f  similar depos i . t s  a t  S teamboat  S p r i n g s  
i n d i c a t e s  t ha . t  t h e s e  a r e a s  Idere o n c e  t h e  s i tes  o f  h o t  s p s 4 i n g s .  The a g e  of t h e  
spring:; is unl<not.rn; some a l t e r e d  roclcs a s s o c i a t e d  w i t h  S teamboat  Hot S p ~ i n g s  
a r e  a s  o l d  a s  1 m.y. (Silberlrnan and Whi te ,  1975, p. 1273) .  



TEXT TO ACCOMPANY CEC?LOCLC CROSS SEC'I'IONS ; 
GRAV'I'i'Y AND SliAi,i,OFI SE'TSMIC PROFIL,ES 

Sjr 
R, W. Tabat- and S .  El . len  

I n t e r p r e t a t i o n  o f  what l i e s  un:-?,een be:?enth t h e  e a r t h ' s  s u r f  a c e  f roin expo- 
sur%c?s of' r o c k  on it; and l i m i t e d  subsurt':-lce d a t a  r e q i ~ i r e s  i r n a g i n a t i o n .  F u r -  
thet-xilore, a l l .  g e o l o g i c  c r o s s  s e c  t t o n s  r e l y  heavi1.y on Pundamental. g e o l o g i c  
c o n c e p t s  o f  how r o c k s  form. Geophysical d a t a  can g r e a t l y  improve  t h e  g e o l -  
o g i s t ' s  conf-i.deilce i n  t h e  v a l i d i t y  of' h i s  i n t e r p r e t a t i o n ,  but; t h e  g e o p h y s i c a l  
models  a r e  also b u i l t  on a s s u m p t i o n s  ( s e e  be low)  t h a t  a l l o w  g r e a t  v a r i . a t i o n  i n  
i n t e r p r e t a t i o n .  The geo1.ogi.c c r o s s  s e c t i o n s  o f  t h e  Washoe C i t y  q u a d r a n g l e  a r e  
based  on c o n v e n t i o n a l  g e o l o g i c  r a m o n i n &  and i u t e r 3 p s e t a t i d m  o f  s u r f a c e  g e o l -  
ogy ,  supplemented  by a few s h a l l o w  s e i s m i c  prcPi1-es  and a  g.1-avity s t l l d y .  I n  
a d d i t , i o n ,  some dr.iL1. h o l e  d a t a  have been u s e d ,  mos t  o f  i t  from w a t e r  w e l l  l o g s  
f i l e d  by d r i l l  o p e r a t o r s  w i t h  t h e  Nevada S t a t e  Depar tment  of' Water  R e s o u r c e s .  
Our i - n t e r p r e t a t l o n  o f  what  t h e  d r i l l e r  r e p o r t e d  is a t  b e s t  a11 e d ~ ~ c a t e d  g!;oss 
s t r o n g l y  Lnfi i ienced by what  we ' thoughc s h o u l d  be t h e r e .  

We g r a t e F u l l y  a c k n o v l e d g e  t h e  f o l l o w i n g  peopl-e f o r  h e l p  w i t h  t h e  geo-  
p h y s i c a l  stud.i .es: F loyd  Gray and  J o s e  Ziver-a he!.ped w i t h  t h e  s e i s n i i c  t r a v e r -  
ses; John Coy1.e he lped  c o l . l e c t  g r a v i t y  d a t a ;  Jane1.l Eban c o l l e c t e d  c o n s i d e r -  
a b l e  g r a v i t y  d a t a  and r educed  them; ~~~~~~d O l i v e r  a d v i s e d  and  e n c o u r a g e d  u s  
t h r o u g h  t h e  g r a v i t y  d a t a  r e d u c t i o n  p r o c e s s  and h e l p e d  w i t h  t h e  m o d e l i n g ;  and  
Bob S i k o r a  and Sh:iron A'llshoirse d i d  mas t o ?  t h e  g r a v i t y  d a t a  red:rction. 

G e o l o g i c  C r o s s  S e c t i o n s  

Fo r  discu..;::;ion o f  t h e  2 . n t e r p r e t a t i o n  o f  t h e  c r o s s  s e c t i o n s  and  t h e  
g e o l o g i c  h i s t o r y ,  we r e f e r  t h e  r e a d e r  ti:, th i !  Washoe C i t y  quadi-angle g e o l o g i c  
map. 

G r a v i t y  S t u d y  

I n  some s i t u a t i . o n s  t h e  n:i'cure o f  rock  u n d e r l y i n g  t h e  s u r f a c e  can  
d e t e r m i n e d  by m e a s w i n g  t h e  gravi .  t a b i o n a l  a t t r a c t i o n  o f  t h e  r o c k ,  The 
me:~surernent o f  "chis g rav . i . t a t i ona l  f o r c e  must, be dorle v e r y  c a r f u l l y  t o  d e t e c t  
t h e  sma1.I. rl l l ' f 'erences i n  l oca l .  r o c k  d e n s i t y  compared t o  t h e  huge a t t r a c t i v e  
f o r c e  o f  t h e  ea r th  i t s e l f .  I n  a d d i t i o n ,  measurements  must be corlrect ,ed f o r  
e l e v a t i o n  d i f f e r e n c e s  betwceri p o i n t s  ( a  measurement  a t  a  h i g h e r  e l e v a t i o n  i s  
f u r t h e r  from t h e  E a r t h ' s  c o r e ,  hence  r e c c r d s  a weaker  f o r c e  f a:$ well as t h e  
p o s i t i v e  a t t r a c t i v e  f o r c e  of h:i.1.13 and " n e g : l t i ~ e ' ~  a t t r s n c t ; i v e  f o r c e  o f  va l . l eys  
surrlo~rnd:l.ng t h e  ine;~suremr-!nt; p o i n t .  %hen a l l .  t h e s e  c o r r e c t i o n s  a r e  made t o  t h e  
i n d i v i d u a l .  g r ' av i ty  measurements , t h e  r e s u l t ,  c a l l e d  t h e  eonlp le te  Ebuguer 
g r a v i t y  anomaly,  r e f l e c t s  t h e  d e n s i t y  o f  t h e  r o c k  t h a t  u n d e r l i e s  t h e  measure-  
ment p o i n t ,  

Gr*:?vj ty ~ t u d i 2 r t  i l l  W33110': Val l e y  :ttscn wqr'c begun i n  1952 by Thompson 'and 
Santfberg ( 1  958, p. 1269-120 I ) ,  A d d i t i o n a l  s t a t i o n s  were  e s t a b l i ~ l . ~ e d  by John 
Erwin,  I l n i v e r s i  t y  o f  Nevada ( E r v i n ,  1973 and  wr i t ; ten  cornnun. , 1975) * F o r  t h i s  
p r o j e c t  s t a t i o n n  were  e ; t a b l i s h / ?  l I a r g e l y  by J a n e l l  Etlman i n  19'74, and s u p p l e -  
mentar  y s t a t i o n s  by S t ephen  E l l e n  j n  1975. The Edman and E l l e n  s t a t i o n s  were 



measured w i t h  I.,a C o s t e  a n d  Romberg g l - a v i m e t e r s  GI02 and  (;130, r e s p e c t i v e l . y ,  
w i t h  r e a d i n g  a c c u r a c y  3f .01 a~ i l - l i ga l s .  

The g r a v i t y  s u r v e y s  by Eciman wid El1.e:) a r e  t i e d  t o  Chapmm's  (4966)  b a s e  
s t a t i o n s  a t  S t a r ~ f o r r l  U n i v e r s i t y  (no ,  176) and  C a r s o n  C i t y  !no. 351\1, r2spec.-  
t i v e l y ,  and t h e i r  d a t a  a r e  on t h e  :?amti datum a s  gr';lv:ity maps c o v e r i n g  a d j a c e n t  
p a r t s  of' Cal i f  o r n i a  (0 l . i v e r  and RobD:i.n:s, 1974 ; O L i  v e r  and o t h e r s ,  i 974)  , Frtsrn 
d a t a  (3bta:inec.i by r e o c c u p y i n g  a  number oT stat.ir:ns or l ig ina l . ly  e s t a b l i : s h e d  by 
m 
i hcrf~p?:oe ?xnd S a n d b e ~ g  i-~nct by Er9wi.ti, we cletc?r7!nined tha t .  dat~.ur, c o r r e c  t i o i l s  of' 
plixs !1.'3 mgal arid p l u s  0.8 mp;a:L, r e s p e c t i v e l y ,  s h o u l d  be matie t o  %he o l d e r  
d a t a .  A f t e r  datluin cor rsec  t i o n s ,  t h e  fo r l r  s u r v e y s  ar'e g e n e r a l l y  c o n s . i s t e n t  t o  
w i t h i n  0. '1 rng:.~l.. 

C o ~ n p l e t e  Bourgiler. ariornalies were compi l ed  by rnethocis o u t l i n e d  by Plo t l f f  
( 1  0661, Oliver- ( ' 1  '373), and Robbi.ns, O l i v e r ,  and P i o i l f f  L" 1973)  rxsing an assumed 
d e t i s i t y  o f  2,67 g/cm3 f o r  t opography  above  t h e  m.inin;l.an sLat i .on e l c v a t i a r l .  

The t e r r a i n  c o r r e c t i o n s  ernploy a d i g i t a l  mode!. u t i . l i z i . n g  'I ' X I  ' and :!'x?' 
averaget i  e l e v a t i o n s  and were  c a r r i e d  o u t  !;o a c l i s t a n c e  o f  156,7 lcln from each  
s t a t i o n .  

G r a v i t y  c o t o u r s  shown on t h e  Wa.?hoe C i t y  q u a s r a n g l e  were  drawn by hand 
from t h e  s t a t i o n s  shown on  t h e  map nntl s u p p l e m e n t e d  by ciata from s u r r o u n d i n g  
a r e a s .  The minimum aougue r  anomaly d e t e r m i n e d  ( -205.3  mgal. ) is I .oca ted wes t 
ol' W;i.:;?loe Lake on $he bouni!sr7y o f  set:;. '10 and 1 1  , 'T. 16W. ,'iZ,19E. 

id, two-dj.men.si o n a l  rriodel of  t h e  s ! . ~ b s a r f  a c e  b a s i n  s t r u c t ~ . i r e  c o n s  t r u c  t e d  
from t h e  g r a v i t y  d a t a  i s  shown i n  f i g u r e  4 stid s e c t i o n  J-. , I .  Mo:iel:in,g was done 
on a  compu?;er fo l - l owing  t h e  meth,ocl of  Tal l - ran i ,  Worze l ,  and Lar~dism~zn (1959)  a s  
mod i f i ed  by O l i v e r  and P l o u f P  ( w r i t t e n  cotiunun., 13753,  a s suming  a d e n s i k y  
d i f f e r enc?e  o f  0 .6  j3/cm7 bctwtren t i le  s e d i m e n t s  ir! Washoe b a s i n  and g r a n i t i c  
c o r ~ r ~ t r y  :..oclc. 

The assumed 0.6 gicrn3 d e n s i t y  cont rqa . s t  i s  d g r i v e d  from e u t l n a t e s  o f  t h e  
d e n s i t y  o f  r o b a b l e  g r a n i t i c  3edr'ocl.: o f  2.'? g/cmJ and a v e r a g e  sed imen t . a sy  f i l l .  
OF 2 . l  g/nng . The f i i i  con : i i s t s  u f  stt li?ast two f a e i e s :  a l ~ l v i s ~  g r a v e l  and  
s a n d ,  and l a c u s t r i n e  s a n d ,  s i l t ,  and c l .ay .  St1.1d.ies i n  t h e  Mono b a s i n  a b o u t  
150 km t o  t h e  s o u t h  ( C h r i s t e n s e n  and o t h e r s ,  I % ? ,  p. 5229) i n d i c a t e  t h a t  

2 a l l t r v i a l  sediirneni;~ t h e r e  p r o b a b i y  have  a:i o v e r a l l  d e n s i t y  o f  aboi l t  2 .3  g/crnd 
and t h e  I.ake sedime?nt:.; 7.8 &/em-' . The moi?o b a s i n  s e d i m e n t s  c o n t a i n  much I . w r -  
densi-t;y v o l c a n i c  debr1i.s and di.atomi.te.  T h e r e  is e v i d e n c e  or" t i i .a torni te  i n  t h e  
o l d e r  l a k e  s e d i m e n t s  of Washoe Lake and  t h e r e  may be some v o l c a n i c  a s h ,  b u t  
because  t h e  d r a i n a g e  b a s i n  is  s m a l l e r  t h a n  Mono b a s i n ,  t h e r e  i s  i i k e l y  t o  bo 
Inore ~);:"ar~ll;ic s a n d  washed i n  rronl t h e  p e r i p h e r a l  moun".,ins m d  t h e  1,8 g/cm 3 
f i .gure  wou!.cl be a  b i t  ].ow. If, i n  f a c t ,  t h e  f i l l  of Washoe b a s i n  i s  l i g h t  
b e c a t ~ s e  of  a h igh  c o n t e n t  o f  d ia tonr iLe  o r  v o l c a n i c  a s h ,  t h e  a c t u a l  b a s i n  f i l l  
cou ld  be s h a l l o w e r  t h a n  p o r t r ~ a y < ~ d  by a s  rn!rch a s  30 p e r c e n t .  

The model f u r t h e r  a:;slurles t h a t  Wannoe Val l e y  i s  an i n C i n i t e l y  l o n ~  
t r o u g h ,  i n  which c a s e  maximurii t h i o l t n c s s  o f  t h e  sed i r r ien ts  i n  t h e  b a s i n  would bc 
a b o u t  580 in ( 1  ,?00 f c ) .  Tn r e a l i t y ,  Washoe V a l l e y  i s  8t b e s t  an e iongnge  
bowl,  and t h e  thicltnes:;  dc te rmi  nod i n  t l . 1 ~  model. i s  Loo m a l l  by a few pernzent  

The magni tude  o f  t h e  l o c a l  g r a v i t y  anomaly  a s s o c i a t e d  w l t h  Was!ioc Val i c y  
( f i g .  4 )  depends ,  i n  p, l r t ,  on w t i r i t  is assumed f o r  t h e  r .eg lonal  g r a v i t y  
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gr*adi.ent .  The r e g i o n a l  gra .d ient  was cons t r u e  t e d  from g r a v i t y  s t a t i o n s  on 
bedrock a t  l e a s t  1 .6  km ( 1 mil-e) From det?p alli.1v:i.al f i : i . l ,  a l t h o u g h  t h e  g r a d u a l  
downward ,910pe o f  t h e  computed curve ( f i g .  1113) on t h e  wes t  towards Vashoe 
V a l l e y  s u g g e s t s  t h e  g r a v i t a t i o n a l .  e f i ' cc t s  of  t h e  a l l u v i a l  b a s i n  a r e  tneasurab3.e 
on bedrock f a r t h e r  than 1 .6  km f r ~ r n  the  b a s i n .  We t h e n  n ~ o d i f i e d  t h e  regional .  
p r o f i l e  ( f i g .  !!A) t o  b r i n g  t h e  t h i c k n e s s  of  t h e  s e d i m e n t a r y  wedge on t h e  e a s t  
sick of the v a l l e y  c l o s e r  t o  t h i c k n e s s e s  i n d i c a t e d  by well. and s e i s m i c  p r o f i l e  
d a t a  ( s e c t i o n  J - J ) .  Even tri.thout t11i.s m o d i f i c a t i o n  and a l l o w i n g  f o r  a niot-e 
f a r - r e a c h i n g  e f f e c t  of the  b a s i n ,  t h e r e  i s  a  broad sage i n  thg  t o t a l  Bougiler 
pr30f:ile sa lggest ing t h a t  some bedrock l e s s  dense t h a n  2.7 g/cm3 l i e s  under t h e  
val . ley a t  much g r e a t e r  depth:; than ana lyzed  i n  t h i s  sl;i.ldy. 

The computed complete Rouguer profi1.e is not everywhere a  p e r f e c t  P i t  
w i t h  t h e  observed p r o f i l e  bu t  i s  f a i r l y  c l o s e  where t h e  c o n t r o l  is b e s t .  
F a u l t s  sugges ted  by t h e  conf i  gurbilCl.on of t h e  tcro-d5.mensionaL model a r e  shown 
i n  s e c t i o n  J -J1 .  'rhe s t e e p  g r a v i t y  grlaclient t h a t  i s  I n t e r p r e t e d  a s  a bur ied  
f a t l l t  on t h e  eas"c s i d e  o f  J-J? could  be e x p l a i n e d  a s  a r a p i d  f a c i e s  change 
from l a k e  d e p o s i t s  t o  a i i u v i . a l  g r a v e l s ,  as has  been sirggested f o r  s t e e p  
g r a d i e n t s  w e l l  o u t  i n  Mono b a s i n  ( C h r i s t e n s e n  and o t h e r s ,  1968, p. 5230).  

We dpew t h e  a d j o i n i n g  c r o s s  s e c t i o n s  through t h e  v a l l e y  by analogy w i t h  
t h e  tm~mputed m(1del. Cons ide r ing  t h e  unknowns and assu~mpt ions  i n  t h e  model, 
t h e y  are probab1.y about  a s  good :IS t h e  modeled c r o s s  s e c t i o n .  

Shal low Sei  vmic R e f r a c t i o n  P r o f i l e s  

We inxle seve:-a1 sha l low se i s ln ic  ref ] -ackion p r o f i l  e:; i n  t h e  Washoe V a l l e y  
a r e a  t o  deterynine depth  t o  bedrock.  The b e s t  p r o f i l e s  were used t o  c o n s t r u c t  
c r o s s  s c c t i o n s  D-Dl , E-Et and J - Jq  . The su rveys  were mad-1 i n  1374 w i t h  a  
Bisorl signal. er~ch~mcemen!, se j .~mograph ,  Energy was dsl . ivered t o  t h e  ground by 
a  i82-Irg meta l  b a l l  d r ~ p p e d  from v a r i o u s  h e i g h t s  lip t o  a b o u t 3  rrm. 

Figure  '5 summarizes t h e  conf:i.gurat'ion of  subsur31'ace m a t e r i a l s  i n t e r p r e t e d  
frvorn the  t i m e - d i s t a n c e  p l o t s .  Reverse profi l i ;s  were no t  run. I n  p r o f i l e s  1 ,  
2, and 3, which run paral.l?I. to s t r u c t u r e s  and Lo t h e  p robab le  d e p o s i t i o n a l  
s l o p e s  , we assumed t h a t  t h e  c o n t a c t s  between u n i t s  a r e  r l e l a t j .ve ly  f l a t - l y i n g  
and that  e r r o r s  i n  v e l o c i t e s  a r e  s m a l l .  P r o P i l e  4 was rtm a c r * o ~ s  s t r u c t u r e  
and down t h e  exgected d i p  of c o n t a c t u ;  t h e r e  may be s m a l l  e r r w r s  i n  d e p t h ,  and 
assuming a 5' s l o p e  of t h e  c o n t a c t  ( t h e  s l o p e  p r e d i c t e d  by t h e  g r a v i t y  model)  
up t o  a 15 perc.ent error i n  v e l o c i t i e s .  The p r o f i l e r ,  are a t  b e s t  approxi.- 
mate ,  I n t e r p r e t e d  s t r a t i g r a . p h y  :'or- t h e  p r - o f i l e s  is compat ib le  wi th  wa te r  w e l l  
d a t a  i n  t h e  same a r e a s .  



( r e v i s e d  1956), which r a t e s  t h e  l o c a l  eff'eciis of  an earthquaki:: on a  s c a l e  of  
twe lve  desi .gnate( i  by Noin;in numera1.s. F o r  i n s t - m c e :  

I n t e n s i t y  IT: f e l t  t~:r p~r.son:., n t  r e z t ,  o r  on upper  f l o o r s ,  o r  oti?el.wise 
f a v o r a  b l y  p l a c e d  , 

I n t e n s  it!/ V : ft.1 t o u t d o o r s ,  awal,cens s l e e p e r s  , di . s t : l r  bs I.iq!!iCIs and 
s p i l l s  :some, and d i s p l a c e s  o r  iipset:-3 sorne ~ l n s t a b l t s  r ? l ~ j e c t s ,  

Intr:n:7.i t y  Xi11 : d i s t , u r b s  s t e e r  in.% o f r i c o t o r  ear's, damages masonry o f  
ordinar-y q u a l i t y  as well. a s  rr,asonry o f  ,good q l l a l i t y  ( n o t  dcsi.gnec-l t o  1-stsi.3 t 
l a t r ? r a l .  f o r c e s ) ,  move:; Frame klouse,y on f o i i n d a t i o n s  i f  not; b o l t e d  down, t h rows  
o u t  l o o s e  p a n e l  w a l l s ,  

l i i t e n s i  t y  XII: damage is near1 y  t o t a l .  D i s p l a c e s  l a r g e  r o c k  m a s s e s ,  
d i s t o r t s  l i n e s  o f  s i g h t  and  l e v e l ,  and t h r o : ~ s  o b j e c t s  int: ,  t h e  a i r ,  

The i n t e n o f  t y  o f  ar! earthquake depend ; on t h e  arnoi;rl'c o f  e n e r g y  re le : i sed ,  
t h e  d i s t a n c e  from t h e  a s s o c i a t e d  f a u l t ,  t h e  t y p s  o f  u n d e r l v i n g  d e p o s i t s  o r  
bedroclc, ;;?nd t h c  d e p t h  t o  t h e  groundwatet* t a b l e ,  which i n  t u r n  depends  on t h e  
g e n e r a l  c l ima t i c !  c o n d i t o n s  and p o s s i b l y  t h e  seazion o f  t h e  year*. 

E s t i m a t e s  o f  re12.ttive s e v e r i t y  o f  shaking i n  t h e  v a r i o u s  d2pos i t . s  o f  t h e  
Washoe Lake a r e a  a r e  b a s e d  drl woll-docurnenter2 s t u d i e s  e l s eb rhz re  t h a t  i n d i c a t e  
t h a t  grlound sha l t i ng  i s  g e n e r a l l y  grea!;er  i t 1  p a r t l y  consol . id;ated stand and  
g r a v e l  and par l ; icu l .a r l  y  i.n unconsoU.da ted  fine-i?;r:<ineci s a n d  and mud t h a n  J.n 
a d j a c e n t  or* m l d e r l y i n g  bedr>c>cic (Gibt?:? and I3o rche rd t ,  1971-1, p .  1-10; Med.rredev, 
1965,  p. 51; Bor.c'nerdt and o t h e r s ,  1975) .  The i n t e n s i t y  a l s o  t e n d s  t o  be 
g r e a t s r  where t h e  w lconso . l i da t ed  m a t e r i a l s  w e  s a t u r a t e d  and  t h e  w a t e r  t a b l e  . 
is c l o s e  t o  t h e  s u r f a c e .  Medvedev (1965 ,  p. 931 i n d i c a t e s  t h a t  t h e  i n t e n s i t y  
i n c r e a s e s  from ground where  t h e  w a t e r  t a b l e  i s  about  10 m e t e r s  below t h e  
s u r f a c e  t o  ground where  t h e  w a t e ~  is  tr!.thi.n 1 netel- of t h e  su r l "ace .  Below 10 
m e t e r s ,  change..; i n  t h e  d e p t h  t o  t h e  :~:-lter t a b l e  h a v e  l i t L l e  e f f e c t  on 
i n t e n ~ i t y .  

The sh2ki.ng zones  on t h e  map ( A  thr*ough F) are  n o k i n t e n d e d  t o  i n d i c a t e  
u n i t  d i P f e r e n c e s  i n  i n t t : n s i t y .  P r e s e n t  d a t a  s u g g e s t  t h a t  Lht?;'e c ~ i i l d  be  a 
d i f f e r e r ~ c e  o f  a s  much as 3 u n i t s  i n  . in tens i , t .y  e x p e r i e n c e d  on  bed rock  Prom t h a t  
on s a t u r a t e d  l a k e  s e d i m e n t s  w i t h  t h e  w a t e r  t a b l e  n e a r  t h e  s u r f a c e  (Medvedev, 
1965;  Gibbs and b r c h e r d t ,  1974 ,  p,  110). T h i s  n e a n s  t h t  i f  ;GI i n t e n s i t y  o f  V 
is  e x p e r i e n c e d  on t h e  g r a n i t i c  bedrock ( zone  E) near. Washot.: I,czkc,, a n  i n t e n s i e y  
o f  V I L I  may be expe r i ence : i  on s a t t t r a t e d  f i n e - g r a i n e d  l a k e  sed imexi i ;~  ( zone  A ) .  
Because t h e  s e v e r 5 t y  o f  shat t i .ng i n c r e a s e s  n e a r e r  t o  the,  f a u l t ,  the d e p i c t e d  
zone8 o f  sh8k ing  may be modif:ied if' an e a r t h q u a k e  o c c u r s  i n  o r  n e a r  t h e  quad- 
r a n g l e .  The zones  a r e  p r o b a b l y  a p p r o p r i a t e  f o r  an e a r t h q u a k e  f a r  f r o n  t h e  
quadrangl.e. A L I  zones  w i l l  be s t r o n g l y  shaken  :tri t h i n  a few m i l e s  of  t h e  f o c u s  
of? a s t r o n g  ea r thq ix ike .  

No ground mot ion  s t u d i e s  have been made i n  Washoe V a l l e y ,  and s u r f a c e  
rnapping a l o n e  does  n o t  d i r e c t l y  i n d i . c a t e  t h e  n n t u r e  .o f  t h e  d e p o s i t s  a t  
d e p t h .  For- t h e s e  r e a s o n s  t h e  s e v e r i t y  zones  o f  t h i s  map a r e  i n  p a r t  based o n  
g e o l o g i c  i n f e r e n c e .  F o r  i n s t a n c e ,  t h e  i n f e r r e t i  d i s t r i b u t i o n  o f  l a k e  s e d i m e n t s  
a t  d e p t h  on t h e  ea3t  s i d e  o f  t h c  lake  .l.s bemed on a ~ c i e r i t  s h o r e  I.it?es exposed  
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v p l o c i t i e s  ( i n  m e t e r s / s e c )  a r e  nppronirmte .  Symbols r e f e r  t o  rock  units on map. 



By R.  W. T a b n r ,  S. Y l l e n ,  2nd M.  M .  C l a r k  

The g e o l o g i c  h a z a r d s  map was cornpiled from g e o l o g i c  mapping and  d e p i c t s  
p o t e n t i a l  12-azards t o  t h e  1-ives, wotbks, and ac t , : iv i  t i c s  o f  peop1.e. T h i s  map 
a l o n e  cIoes n o t  p r o v i d e  s u f f i c i e n ' t  i n f o r u m t i o n  f o r  s e l e c t i n g  o r  deuigni-ng f o r  
spec i . f ' i c  bu:i.lding s i t e s  . Indiv: idt .~al .  s i t e s  shou1.d r e c e i v e  s p e c i a l  g e o l o g i c  
:J tknrfie::, pa r t ' i cu1a r - l  y  whel-e haza rdous  c o n d i e i o n s  a r e  s u g g e s t e d  by t h i s  map. 

We t h a n k  liogcr i'3orcherttt and K. R. L a j o i e  f o r  c o n s i d e r a b l e  h e l p  and 
d i s c u s s i o n  o f  ear3ti?quake haznr7d::. F r a n k  J e r a u ' l d  of t h e  U.S. F o r e s t  S e r v i c e ,  
Car8on C i t y ,  Nev., s u p p l i e t i  d a t a  on ltnowll s n o w ~ ~ l i  de h a z a r d s ,  

Ear-t hquake  FIazai-d 

E a r t h q u a k e s  i n  t h e  Mnshoc Lake a r e a  a r e  f r e q u c ~ ~ t  compared t o  t h e  U n i t e d  
S t a t e s  a s  a  who:!e. Betweew! 18511 and  1360 a t  l e a s t  s i x  e a r t t i q u a k e s  bc?tween 
magn i tudes  5 and 6 and marly sma!..lerv o n e s  have o c c u r r e d  w i t h i n  20 rni1.e~ of 
Washoe Lake (Slemmons, and o t h e ~ s  1 9 6 t a ) .  I n  1852, a l a r g e  eart l lq! .~al te ,  
uncerl ;al .nly l o c a t e t l  b u t  wi.'th an esl;i.matcd magn i tude  g r e a t e r  t h a n  7 ,  r e p o r t e d l y  
~~~~~~~~~~ed a l a r g e  l n a d s l i r f e  Prom S l i d e  M ~ u n t a i n  (Slemmons and o t n e r s  '1965b). 

I n  t h e  Washoe Lake a r e a  t h e  h a z a r d s  f rom e a r t h q u a k e s  f a l l  i n t o  t h r e e  
c a t e g o r i e s :  ( 1  ) p;rot!nd s h a k i n g ,  (2) grotind r u p t i l r e  a l o n g  Paul?;s ,  ancl (39 
o t h e r  g round  f a i l u r e  iud:.nced by s h a k i n g ,  wh ich  inc luc l e s  di . f ' l+ersn. t ia l  grwund 
s e t t l e m e n t  and I . i q u e f a c t i o n  f a i l u r l @ .  1,mt:islit les and r*ockPal l  a v a l a n c h e s  a r e  
t y p e s  of g round  f a i l u r e  t h a t  may accompany ear-thquake:2 b u t  may occur' 
i n d e p e n d e n t l y  as : j e l l ;  we  d i s c u s s  them h e r e  s e p a r a t e l y ,  

Most e a r t h q u a k e s  a r e  produced  when ~ L r a i n s  t h a t  have ar:ct.lm~~lat-.ed i n  t h e  
E a r t h P  s c r u s t  a r e  s r ~ d d e n l y  r e l e a s e d ,  I ) ~ O ( ! L I C ~ . ~ ~  t rhaking anii o f f  s e t s  a l o n g  
f r a c t u r e s  i.n t h e  c r u s t  c a l l e d  f a u l t s .  The  s e v e r i t y  oP s h a k i n g  at t h e  ground 
s u r f  ace  depends  on t h e  amount of  e n e r g y  r e l e a s e d  by @he ~z~ovemen t ( p r o p o r  t i o n a i  
t o  t h e  ea r thquake ' s  m n i t i l d e ) ,  --- t h e  d i s t a n c e  f rom t h e  r u p t u r e d  p a r t  o f  t h e  
f a u l t ,  and how t h e  i n t e r v e n i n g  r o c k s  and s e d i m e n t s  t r a n s m i t  an<: modi fy  t h e  
i n i t i a l  s h a k i n g .  -- Magni tude  is e s t i m a t e d  f o r  e a c h  e a r t h q u a k e  from se ikmograph  
r e c o r d : ~  i n  s u r r o u n d i n g  r e g i o n s .  Any e a r t h q u a k e  g r e a t e r  t1i:ln magn i tude  5 may 
cause  damage; undoub ted ly  t h e r e  w i l l  b e  f u t u r e  e a r t h q u a k e s  o f  magn i tude  5 and 
g r e a t e r  i n  t h e  Washoe V a l l e y  a r e a .  

Ground on oppos i . t e  s i d e s  of arf a c t i v e  T a u l t  w i l l  be d - i s p l a c e d  from t h e  
p re -ea r thqua l t e  p o s i t i o n  by arflor.ints commonl. y  ranging from a. few mill irnet e r s  t o  
s e v e r a l  m e t e r s .  General.]. y ,  @he g r e a t e r v  t,l?e mzrgni. t ude  o f  t h e  e a r t h q u a k e ,  t h e  
l a r g e r  t h e  d i sp l acemen t , .  An e a r t h q u a k e  may t r i g g e r  lands.Li .des,  c a u s e  1.ocal  
compac t i  on o f  s e d i m e n t s  w i t h  conseq~ . l en t  s e t t l i n g  o f  t h e  suraf  a c e ,  arid thrvough 
l i . que fac  t i o n  make w a t e r - s a t u r a t e d  s a n d  l a y e r s  below t h e  s u r f a c e  l o s e  t h e i r b  
s t r e n g t h .  Each of  t h e s e  h a z a r d s  i s  d i s c u s s e d  below. 

Ground s hakJ.l,zp ---.-.--------: 2 

S e v e r i t y  oT s h a k i n g  can  b e  a p p r o x i m a t e l y  d e s c r i b e d  by i n t e ~ ~ s i  tx, whi ch -----.- 
measures t h e  e f l ' e c t s  o r  d,zrn<ige done a t  a n y  one  p l a c e  by an  eart;hquake. I n t e n -  
s i t y  commonly is measured by t h e  m o d i f i e d  M e r c a L l i  I ~ t t e n s i t y  S c a l e  o f  1931 



F i g u r e  6 .  - - ~ o c a  t i o n  of  fault i on Geologic I iazardr niap desc  r ibcrl  iiy 
rivil~herccl n o t e s  i n  text. 



at; t h e  s u r f a c e  i n  hhe s o u t h e a u t  par.:; of t h e  q u a d r a n g l e  and on i,nrsornpl.ete 
water--well.  d a t a  i n  the New 'rlashoe C i t y  area. The 1-alce r,etiiraents are o v e r l a i n  
1.ocal:l.y by less  than 15 r$ of' n l l t , ~ i r i a i  s a n d  and  g r 3 v e 1 ,  which i s  as:;uaed n o t  t o  
. i n f l . uence  t h e  se i smir t  r e s p o n s e  of t,he under ly i .ng  ialce sedirne~.lt: ; ,  Lake s e d i -  
ments  I.n-t;erfin&yer w i t h  t h e  c o a r s e r  s e d i m e n t 3  a t  t h e  b a s i n  marg ins  ( s e e  c r o s s  
sect.';.on s h e e t ,  and intensit , : :  p r o b a b l y  wuu1.d d e c r e a s e  g r a d u a l l y  away from t h e  
l a k e ,  r a t ? ? e r  t t~ar?  sharpl.jr  as  i n d i c a t e c ?  hy t h e  zone bound.ari(2s on t h e  map. 
S r lb su r f ace  st;utiic?s a t  pa r ' t . i cu l a r  s i t e s  wvlrlci h e l p  improve  t h e  de f in i - t i . on  o f  
t h e s e  b o u n d a r i e s  . 

West o f  Lj.tt1.e Washoe Lalca, o l d  I.alee sedi .ments  a r e  inten-betldetl w i t h  a l l u -  
v i a l  s a n d  and gi -ave l ,  and :-;parse and i n c o m p l e t e  water . -well  da ta  west o f  t h e  
mair, l a k e  sngglest t h a t  some lalce s e d i m e n t s  l i e  more t h a n  40 m berlcath t h e  f a n  
s e d i m e n t s .  As:.;urning tha t ,  s a n d  and grave:l. From t h e  Car:;on Rangn have accmlu- 
l a t e d  rap.Ldly on t h e  wea t  s i d e  of' t h e  l a k e  overt a l o n g  p e r i o d  o f  g e o l o g i c  
t:i.rne, as t h e y  a p p e a r  t o  be d o i n g  t o r f a y ,  f : ine- -gra ined  I-alte setli .ments pr'obably 
a r e  l e s s  abiindant i n  t h e  a l l uv : i . a l  p i . i e  on " s h e  w e s t  t h a n  on t h e  e a s t  s i d e  ( s e e  
c r o s s  s e c t i o n  s h e e t ) .  The e f f e c t s  of' s u c h  i n t e r b e d s  of f i n e - g r a i n e d  sedi.menf; 
o n  t h e  overaJ-1 i n t e n s i t y  are  eompl i ca t e t i  and l i t t l e  i m d e r s t o o d ,  b u t  i n  g e n e r a l  
t h e  i n t e n s i t y  of' s h a k i n g  wil.1 be c h a r a c t e r i s t i . c  of t!?e uppermost  t h i c k  l a y e r s ,  
( 15 m) i n  t h i s  c a s e  s a n d y  a i l u v i u m .  

Ground ! ? ~ i p t u r e  Along F a u l  t 3  ---. ---- --& --- 

A c t i v e  f 'aul . ts  can be p a r t i c u l a r - l y  d a n g e r o u s  t o  : ; t r uc tu re s  t h a t  have Seen 
b u i . l t  d i r e c t l y  a c r o s s  them. Few buildi.ng,.; c a n  b e  d e s i g n e d  economi.c?al.ly t o  
w i  t h s  tarid evsn a few c e n t i m e t e r s  o f  o f f  set t r i  t h o u t  ma jo r  s t r uc tuu ra l  damage. 
Roads,  p ipe l inen ,  ant1 o t  hex. s t r n c t u r e s  car1 be: s e  verqe'y damaged t:y ground 
rup tu r l e  and o f f s e t  a l o n g  f a u 1 . t ~ .  

The g r e a t e s t  fu t ,u re  I l aza rd ,  b o t h  from s u r f a c e  f a u l t i n g  and  accornpar,yi.ng 
sl%3king, is  I.ike?,y t o  come f rom f a u l t s  t h a t  show t h e  g r e a t e s t  r a t e  o f  d i s -  
placemerlt  i n  L a t e  Qtuaternar 'y time, F a r  more detai.!.ed s t u d i e s  t h a n  t h o s e  done  
s o  f a r  wi1.l be r e q u i r e d  t o  determ.i.ne ? a h ?  and c h a r a c t e r  or" disp?.acernent on t h e  
f a u 1 . t ~  showrl on t h i s  map. 1;J ' r . i t i l .  s uch  s t u d i e s  are comple t ed ,  i t  trou:Ld be 
prudeztE t o  assLune Lha t  f'atilts showirig tine most  r ecen t ;  mavement are a130 t h o s e  
w i t h  t h e  g r - e a t e s t  r a t e  o f  displ.acern\?nt,  and hence  mash 1i.kel.y t o  move again 
( s e e  W a l l a c e ,  1968;  Brown, 19'70; C l a r k ,  C r a n t z ,  and  Rub in ,  1372). 

The f o l l o w i n g  n o t e s ,  r e f e r e n c e d  by number on f i g u r e  6, i n d i c a t e  t h e  
e v i d e n c o  i"or t h e  t i m r ?  of  rnost r e c e n t  ~noveti~ent  a l o n g  t h e  f a u ' l t s  shown. 

1. Two f a u l t s  of  t h i s  g r o u p  c t . ~ t  t e r r a c e s  i n  J o n e s  C r e e k  t h a t  a r e  as  young o r  
younge17 t h a n  t h e  T.iog;.z g!.acial;ion (wtii.ch ended  a b o u t  10 ,000  yea.r3s a g o ) .  
F4ost o f  t h e s e  f a u l t s  :iave s c a r p s  1-3 meter:.i h i g h .  

2. F a u l t s  are similar t o  -in t o p o g r a p h i c  e x p r e s s . i o n  b u t  show no appat*ent  
of'fset, of  c l epos i t s  yollrtger t h a n  p r o b a b l e  'rahoc ou twash  (513,000 t o  1 5 0 , 0 0 0  
y e a r s  0 1 . d ) ~  

3. F a u l t s  o f f s e t  l a t e  Miocene vo lcan io  r o c k s  ( a b o u t  12 mi1Li.on y e a r s  o l d )  
and e a r l y  17Lcis tocene  d e p o s i t s  ( a b o u t  8 6 0 , 0 0 0  y e a r s  o l d ) .  Tahoe ou twash  
waa p m b a b l y  depo:li.t,ed a g a i . n s t  the fau1 . t  :;irarps o r  agn3.nsl; t o p o g r a p h j . ~  
h i g h s  of upraist?ci bl.oclts,  b u t  t h e  e v i d e n c e  is  n o t  c i ca l - ,  



4. F a u l t s  (3 t'fzc?t cx~r-'i.:/ f)lei.skoc3ene rfepo:l,.i. tr; b u t  h a v l  t ;opogr,?phic exp r3eso i an  
:ri.milar t o  i / l  , Some f a d .  ts a p p e a r  t o  b c  b u r i e d  by Tahoe okitwzsh, 'The 
f a u l t  s'r1i)wr? e x t e n d i n g  r ic ross  Drown:; Cret?i< a p p a r - e ~ t 3 . y  b r o u g h t  up b e d r o c k  
on i. t,3 ea:~ t s i d e .  

Two f  a u l  t3 off'se2; prohab.1.e Tai?i>a outwash.  'Yhe eastctrr.). f a u i  t i s  expresoe t l  
by a topo;~raph.'!.c r:itlgc. 
A r-itlgc: o f  o l d  a l . l !~v ium t l i a t  nay bc a3 a1.d as  o r  o l d e r  ";?an Tahoe o u t w a s h  
(50 ,000-150,000)  has  p r o b a b l y  been u p l i f t e d  by a  f a u l t  naw b u r i e d  by more 
r e c e n t  a l .Luv i l~ r r~~  
L i n e a r  f e a t u r e s  a r e  d e f i n e d  by v2 ry  s l i g h t  t o p o g r a p h i c  changes and liege.- 
t a t i o n ,  F a u l t  cuks  e a r l y  P l e i s t o c e n e  d e p o s i t s  !of a .bout  860 ,000  y e a r s ? .  
S o u t h e r n  fau,i . t  coi.11.d be rnuch o l d e r .  
Buric~?d f'au.Lt i s  i n f e r r e d  t o  have ! .~pL ' l . f t sd  o l d  l a k e  a.nd a l l u v i ~ u r ~  d e p o s i t s  
on t h e  e a s t ,  There i s  no p h o t o g r a p h i c  l ineament ;  (:it- topcrgr'aph:i,c e x p r e s -  
s i o n  o f  t h i s  f a u l t .  
Very smbt1.e il .neament on a e r t a l  p h o t o g r a p h s  suggea  ts a b u r i e d  f  aul. t ,  
trhich co!.rl.i:! be  i n  bed rock  o r  b u r i e t l  o l d  a l l u v i u m .  F a u l t  nay c d n k r o l  
groundkral;er rrrovemen't and t h u s  i',nf'l.ueticfi vvegetat ion on younger d e p o s i t s .  
Westernmost  f a u l t  oi' g r o u p  c u t t i n g  ol t i  : ~ l l ~ u v i u m  forms f a c e t e d  s p u r s  on  
r a n g e  f'r-ont and a p p e a r s  t o  c u t  t h i r d  !.init; o f  S l i c k  Mounta in  d e b r i s  r lo t r s  
(see g e o l o g i c  mapj . T h i s  f a u l t  does  no t  c u t  p r o b a b l e  g l a c i a l  ou twash  o f  
Tahoe age. 
F a u l t  i s  expres:sed as f"aceted s p u v s  and :LE<?ament on a e r i a l  photog]-aphs i.n 
o l d  a:llinTri.um. It of ' r se t , s  o l d e s t  u n i t o f  Slide P70unt~a.l.n d e b r i s  f lows .  
Bowers hot, s p r i r i g  nppat-ent1.y r > i s e s  a l o n g  t h e  f ar.11 t .  
Smal l  escarpment; a t  eclgi=: of o l d  a:l.'l.uvii~m may i n d . i e a t e  r e l a t i v e l y  r e c e n t  
fnovement, b ~ l t  t ,kere  i s  110 e v i d e n c e  o f  f a u l t i n g  i n  young fan depos j . t s  o r  
3treav' d e p o s i t s  on s o u t h .  
F a u l t  i s  e ;~poscd  i n  g r a v e l  p i t  on road  t o  L , i t t L e  Va l ley  (NW 1/4 NV 1/14 
s e c ,  15)  and s e p a r a t e s  bed rock  f ron? o1.d a:il:.rviurn. I,ineamenl; on a e r i a l  
pho tog raphs  shows e x t e n s i o n  n o r t h  and ~ o u t l ? .  
F a u l t s  cut. o l d  a l ' l uv iu~n .  Two wes ter i imost  f ' au l  ts a e  expressec:! a s  l i n e a -  
rnents on aerial.  photograp).),.; o n l y .  E a s t e r n  f nu1 t ha:? pronourlced e: jcarp-  
rnent r,u.-jtl-i p~0ba t i i . e  young d e l t a i c  mater . ia l  d e p o s i t e d  a l o n g  b a s e .  Old  
a l l u v i u m  has thick s o i l  and ca l i - che  p r o f i l e ,  s u g g e s t i n g  t h a t  f a u l t i n g  i s  
o l d e r  t h a n  Tahoe g l a c i a t i . o n  (50 ,000-1  5 0 , 0 0 0  year>s ago; .Tee t e x t  of 
g e o f a g i c  map), G r a v i t y  con tours  s u g g c n t  f a u l t s  e x t e n d  t o  bed rock  ( s e e  
g e o l o g i c  c r o s s  s e c t i o n ? .  
SubkLe 1 i.naament on a e r i a l  phot  ok;r*apl?s and  subdued t e r r a c e  r e v e a l  
fau l , t , s .  They a p p e a r  t o  bound a tiedge o f  o l d  v a l l e y  al l i lviu. i~i  and are 
loc;tl.l.y over1ai .n by younger s t e e p  Pan r ieposi  ts . Well-developed s o i l  o n  
o l d  xprai:;t?d al.lilvilun :suggests faul . t i . r?g is o l d e r  khan Tahoe g l a c i a t i o n  
(50,00-150,000 y e a r s  a g o ) .  Severa:L s p r i n g s  are a:\ i n e d  on  t h e  f a u l t s  . 
Mos& unnurnbcred fault,:; c u t  Ka te  Peak: v o l c a n i c  r o c k s ,  which  a r e  as young 

a s  12 m i l l  Lon ~~~~~~53 o l d .  Fatil. t:; cutt.i.np; g r a n o d i o r i  t e  on t h e  east; e s c a r  ptnent 
o f  t h e  Carson  Ranfi'i? may i'lnve been a e t i v e  tIur-ing u p l i f t  o f  t h e  S i e r r a .  Nevada 
and f o r m a t i o n  cf %he b a s i n s ,  which began about; 20 mi.ll.l.on y e a r s  ago.  Because  
t h e s e  fa!ll t.s cut  o n l y  o l d  roc \cs ,  r e c e n t  a c t i v i t y  i.s .d i f ' f i cu ' l . . t  t o  d e t e c t .  We 
found no evi .dcnce of r e c e n t  ac t iv i . t ,y  based  on geornorphic., c t ' i t e r i a  such  as  
s c a r p s  o r  o f f  s c?t dr3a.i.nage. 



I n  a d d i t i o n  t o  b e i n g  shaken  dixrbini: an e a r t h q u a k e ,  p a r t s  o f  t ,he flat ::nd 
g e ; ~ t l y  s l o p i n g  floor:; o r  Washot. and EILca:;ant 1Jal:Ley [nay shi.f t and be ("1 is- 
tort;ed. S!.lch gr 'o~~ic l  fa!.lurc r e s u l t s  friiin l A t . ~ e f a c t i o n  of' watep .3a t i l ra tecf  

< ---. 
l a y e r s  of sand and f roxn ?oca; compact ion  and s e t t l i n g .  

.Ar1cm s u b J e c t  t o  l i . q u e f a c t i o n  : ~ n d  s e t a t l i n g  !luri.na shakiizg are rlot shown 
on Lhe 'hazards Inap beca!nse we do n o t  know d e t a i . i s  o f  what l i e s  b e n e a t h  t h e  
s u r l f a c e .  I n  gene!-al,  grounii f a i l u r e  i s  most; lj.ke3.y i n  s h a k i n g  zonr3s 11 arld O, 
which a r e  milst l i k e l y  t o  e : ~ e r i . e n c e  i n t e n s e  s h a k i n g  and  have some c o n d i  t o n s  
!?avor*a.ti.e f o r  LiquF-Jact ion.  Groun:f f a . l l . u r e  i s  les:; l i k e l y  i n  z c n e  F arid i s  
I,.earlt l i . k n l y  i.n zone D. (;round f ' a i . l u r e  due t o  s h a k i n g  i n  zone G ,  bedrc,c:!*k, 
o c c u r s  a s  r o c k f a l l .  av?lanch<:s, d e b r i s  f l o w s ,  al?d li?ncf:;lides, Areas s u b j e c t  t (3  

t h e m  potent i .a l .  P a z a r d s  a r e  shown on the map. 

Rockfa L l  i\vaianr:he and J.,ands:Lide Ij-czar-ds 

Dow:?slopc movement (sf s o i l  and rc;ck de br3i:; has occu r r i~?d  and  wii.1 u ~ d o u b t -  
ed1.y r e c u r  i-n a v a r i e t y  CJ? s t y l e s ,  3-nwolving f a s t  o r  s l o w  movement of' wet  o r  
d r y  material.. We di . s t inguj . sh  f o u r  bas ic :  k i n d s  ol' movement t h a t  p r e s e n t  po t en -  
t i a l  h a z a r d s  i n  t h e  Washoe V a l l e y  area. Abundant d e b r i s  c a r r i e d  by P lood ing  
s tre,%r:is,  h e r e  c a l  i e d  w a t e r - b o r n e  deb r j - s  f:lows , c o n s l ; i t a t e  one  h a z a r d  arid a r e  
shobrn or, t h e  F:i.ood and R e l a t e d  Debr.L.s Flow I I aza rds  Map. Water-borne d e b r i s  
i'lowu g rade  i ~ t o  les:; f l u i d ,  s l o w e r  moving s l . u r r i e s  h e r e  c a l l e d  wet  d e b r i s  

----A- 

f'lows * Roc k f a . l l  ava l -anches  a r e  c a t a s  t r o p h i c  f a l l 3  o f  l a r g e  masses  of broker? 
r o c k  frcn s t e e p  s l o p e s  that, become dcbri .s  ?lows that; move v e ~ y  r a p i d l y  down 
canyons  w i t ! ?  ILttLe (-,I- no i n c l u d e d  w a t e r .  F i n a l l y ,  some ground h a s  : 'ailed by 
l a n d s l i d e : >  t h a t  have moved r e l a t i v e l y  s1owl.y i n  l a r g e ,  f a i r l y  c o h e r e n t  masses. 

3ockf'a.l.l. Ava lanches  ant2 Wet i3ebri.s Flows -.--.- -.--.---- --- 

Ophi r  Creek canyon 8.t1c-i ad.jnctc?nt ar.c?as have  been r e p e a t e d l y  i n u n d a t e d  by 
r d c k f a l l  ava l .anches  and w e t  debr i .3  i'l.ows o v e r  t h e  r e c e n t  g e o l o g i c  pas t  ( s e e  
d i s c u s s i o n s  of ca tas t r*ophj .c  d e p o s i t s  and d e b r i s  f'lsds of  S l i d e  Mountairi  i n  
g e o l o g i c  map t e s t ) .  By t h e s e  processes eno:.raoI.ls volumes c;f' g r a n t  t i c  d e b r i - s ,  
inc1.udin.g abundant  bl .ocks of r o c k  u p  t o  3 m e t e r  a c r o s s ,  have f l owed  r a p i d l y  
down-canyon. l o c k f  a l l .  ava:Lanches commonly rnove f a s l ; e r  t h a n  100 km/hr and  we t  
debr3 is  f lows  a t  less tllan 20km/hr' (Hsu ,  1375, p. 130);  bot,h k l n d s  o f  f l c r i s  are  
suddefi and rap:i.d eno!.lgh t o  be devas ta t . l .ng  t o  l i f e  artd s t r u c t u r e s  i n  t h e i r  
p a t h .  Ma:~y rockfal .1 .  aval.anchc?s a r e  p r o b a b l y  t r i g g e r e d  by e a r t h q u a k e s .  Some 
wet  d t ibr is  f!.or/~s may be "i>.i.ggzred by ea.rthq!.~r?kes b u t  some o c c u r  sfimply from 
s a t u r a t i o n  o f  10(:):3e d e b r i s .  

The h a z a r d s  map shows two Lcvclr o r  p ~ ? t e n t i a l .  haza rd  from f u t u r e  r o c k f a l l  
a v a l a r ~ c L ~ e s  and w ~ t  d e h r i  s T lown :  ( 1 ) a r e a  o f  most  prdbablc: i nundn t io r l  arxl ( 2 )  
ar-ca o f  maxinlum e x p e c t a b l e  inunJ:lt;i d l .  Thb a r e a  o f  p r o b a b l e  i n u n d a t i o n  i n -  
cl1zde3 t e r r a i n  s u b j e c t  t o  170th r o c k f a l l  a v a l a n c h e  and  wet  d e b r i s  f l o w s .  The 
a r e a  o f  probnbLe inund8citi on by roc l t fn  Ll a v a l ~ i n c h e  h a 3  31r-ecldy been i n u n d a t e d  
by a se r i e : i  o r  r*focl<fr*l l avalanches ( d e b r i s  Flow:; 2-11 on t h e  g e o l o g i c  map).  
Thc iiaznrci w i t h l  n  t h i ~  a r e a  i n  grc;.i ta:jt  i n  thc upper  p;\t4t o r  Ophl r Creelc 
c,myon st:ice many o f  t h e  younger  r o c k l ' a l l  nva l anchcu  hatre flowcd o n l y  p a r t  way 
tlown Lhe canyon.  Prubabl  e inur1cl;ttiri by w e t ;  ilcbrl.3 f l  ows i s  showti i n  canyons  
where  s u c h  flow7 have occur>rt>d ; ~ l r e n d y  ( d e b r i s  flow 9 )  and i n  canyons  



Rockfal l  volume in cubic meters x IOC 

7 b i g u r e  7.---'Di:igra~a showing r ? l ~ r  o f  vol.m,la t o  e x c e s s i v e  t r a v e l  d i s t a n c e  o f  r e p o r t e d  
rockia1.1 avnlanc hes  ( a f t e r  1-Is!l, 1 7 5 ,  f i g  . 8 ) . i'o!.u;qes show11 f o r  S l i d e  Mountain e v e n t s  
a r e  e s t i m a t e d  froin c o r e s  s e c t i o r l s  of d e p i s i t , ~  c o n s t r i ~ c t e d  from t h e  geo!.ogic p  assum- 
i n g  conti.n~.iit;f o f  d e p o s i t s  from f'oob of s c a r .  P r o b a b l e  range o f  e r r Q r  i n  t h e  v o l m e s  
shown by ar rows .  Volumes shown r e p r e s e n t  vol~:m?os of r i apos l t s  i n c l u d i n g  p o r e  spe-ce, n o t  
v o l - ~ ~ z e s  o f  i n - p l a c e  rock b e f o r e  f a l l .  



immed ia t e ly  t o  t h e  n o r t h  wher>e i:onditi.i;n:; nf a v a i l a b l e  d c l b r i s  and g r a d i e n t  o f  
c h a n n e l  a r e  similar . 

A ca rbon-  14 a&? o f  1,100+200 y e a r s  on wood b u r i e d  by f low 5 s u g g e s t s  t h a t  
l a r g e  rock%ll . .  a v a l n r ~ e h e s  can  be  e x p e c t e d  or? t h e  a v e n g e  o f  once  overby % T O  ti: 
1100 y e a r s .  A rocls: a v i ~ l . ~ ~ ~ c h e  i s  reporlLed t o  have  accompariked a l a r g e  
e a r t h q m k e  i n  1852 (Slemmoris and o t h e r s  ? i365b) .  We do n o t  know t h e  r e c u r r e n c e  
i n t e r n 1  for* wnt d e b r i s  f l a t i s .  T r e e s  t h a t  a p p e a r  t o  be 100--2!iO y e a r s  o l d  
based  on t h e i r  s i z e  a r e  gr'owing on t h e  y o u n g e s t  :,let d e b r i s  f l ows  d e p o s i t s .  

Pn i h e  a r e a  o f  riiaxiatinl e x p e c t a b l e  i -nunda t ion  by llockf a l l  avnl.anc'ile i.s 
bo~lnded  i n  t h e  Oph i r  Creek  a r e a  by t h e  ou te r  l i x i  ts o f  t h e  ol.:lest d e p o s i t  
( deb r i s  f low 11, 7,rhich pr90babl.y came down h!s:?dred3 oT thol.lsands of year3s 
a g o .  Nor th  o f  0 p l ~ i . r  C reek  canyon maximum e?c{:ect;al~le inurldat i .on is i n d i c a t e d  
for.  p o t e n t i a l .  roclc a v a l a n c h e s  P a l l i n g  i'roin t h e  s t e e p  eas t ; -Pac ing  sl0pe:3 o f  
S l i d e  P l o u n t a i . ~ .  Al.thougli t h e r e  is no  e v i d e n c e  o f  p a s t  rva:.:ki'all a\r:i iarlches 
h e r e ,  t h e  l o n g  s t e e p  f a c e  tunc:jertla!.n by c l c s e l y  fract ;ur>ed c h a l k y  g r a n o d i o r i t e  
si.roli.iar t o  t h a t ,  i n  t i l e  scar above  Cjphir Cr.eek may f a i ? .  in an ear thqualce  and 
give r i s e  t o  rocl t f  a l l  aval.anche:-;, 'To p r5ed ic t  t h e  e x t e n t  o f  i n u n i l a t t o n  f'ollotf- 
i n g  a f a i l u r e  of' t h i s  face ,  we d e t e r n . i n e d  tile m o b i l i L y  ~f  the Opl?ir* Creek  
rocl t f  a l l  zralaninches by e s  t i n i a t i n g  qrolumes of' ind iv idua .L  f lows  and t h e i r  
' t e x c e s ~ i v e  tr;.,vel. d i s t a r , e e v  as d e f i n e d  hy FIsu : 19751. Rougilly d e f i t l e d ,  
excessive t r a v e l  di:;t ; in~e i s  t h e  ;:li.atance t r a v e r s e d  by t h e  f l o w  away from t h e  
s t e e p  scc?rp where  t h e  r o c k  b w k e  l o o s e .  These  va lues  a r e  p l o t t e d  o n  f i g u r e  
7.  ?'he upper- s o l i d  l i n e  i n  t h i s  f i g n ~ e  r e p r e s e n t s  t h e  more m o b i l e  t y p e s  of 
r o c k f a l l .  a v a l a n c h e  as r e p o r t e d  f'rom otherT a r e a s  and  is w e d  herle t:.i> a p p r o x i -  
mate t h e  b e h a v i ~ r  o f  rockf'al.1. ;,val:mcl.re:; i n  t h e  Cigh:i.r Cr-eek a r e a ,  13y i.nfer- 
e n c e ,  f u t u r e  r o c k f a l l  ava l . anches  of' s- i .milar  r f l a t e r i a i s  w i l l  h ave  similar mobi l -  
i t y .  ilsstiminf,: fa i :Lure  o f  a  ~ ~ o u g h l y  ' l 0 - m e ~ e ~ - h . c  s:!.a!) frorn the uppe r  h a l f  
o f  t h e  s t e e p  f'a.ce.r u n d e r l a i n  by cha11.cy gr3ar \odr ior i te ,  \re esi;i.rnatccl max:i.mum 
c:rpectabl.e voli.nni!s o f  po t enc . i a1  r o c k f a 1 1  a v n ' l a n c h e s ,  and ,  by r e f e r e n c e  t;u 
f i g u r e  7 ,  d e r i v e d  t h e  expectablt:!  excess . ive  i;r.rivei d i . s t ance ,  which d e f i n e s  t h e  
a r ea ,  o f  maximum e x p e c t a b l e  inurirlat:i.on on  t h e  map. 

The Like1 i hood o f  m,?:cirntlrn i l l u n d a t i o n  i s  v e r y  r=.mote and i:: c a n s i d e r e d  
p o s s i b l y  o n l y  unde r  I-1nusual1.y s e v e r e  e a r t h q u a k e  s h a k i n g .  The ar-ens o u t l i n e d  
have: no t  been af'fect,ed d u r i n g  "chc hi lndrads~ o r  thousar ids  o f  yr>ar*n t h a t  0phl.r 
C reek  canyon has been r e p e a t e d l y  i n u n d a t e d  by d a b r i s  f l o w s ,  and t h e r e  i s  no 
e v i d e n c e  t h a t  d u r i n g  t h i s  t i m e  t!?e s t a b i l i l y  o f  'khc s l o p e  has  decraasec!  
s i g n i f i c a n t l y .  

L a n d s l i d e  d e p o s i t s  c)t;l-li.r t h a n  t h e  rockf'all a v a l a n c h e s  arir:! d e b r i s  f:lo.c~s 
a r e  s c a r c e  i n  most  o r  t h e  qttadrar1g:i.e. One a r e a  o f  a.hnorma.1- l a n d s l i d e  ahun- 
dance  is i n  S t eamboa t  Hj .1 . l~  above  P l e a s a n t  Val . ley ,  \rher3e s e v e r a l .  c o h e r e n t  
l a n d s l i d e  masses  have unovi:d, ;<ppat3ent ly  s l o w l . ~ ,  downslope.  Another  .is a t  t h e  
f o o t  o f  t h e  s t e e p  s l o p e  o n  Sli.cte Mounta in  whe re  l a n d s : l i d e  d e p o s i t s  c o n s i s t  
l a r g e l y  o f  debr i . s  from t h e  cLosel.y f r a c t t ~ r ~ e d  g r a n o d i o r f t e  u p s l o p e .  

Prlobably few o r  none oP l;hi? mappc?:i lan:ls:Lide:; i n  t h e  a r e a  a r e  aeti.ve now, 
b u t  marly c o u l d  be r e a c t i v a t e d  t . i t ; t?t?r.  by e a r t h q u a k e  :;hak:tng o r  by ea r thwor l t  o r  
changes  i n  w a t e r  cond i  t i -ons  accompan yi-ng development .  





Jdands l i t l es  t o o  small t o  show on t h e  map are  common immed ia t e ly  a l o n g  
d r a i n a g e s  t h a t  are i n c h e d  i n t o  d e p o s i t s  a c c m u l a t e d  a t  t h e  b a s e  o f  s l .opes .  

Snow avalanche:? can  occliu. on any  s l opas  over 15' (2'7 p c r c e n t )  hu t  are 
more f riequcn'c on s l o p e s  betlw?en 30' and 1-15' ( 60 - 100 p e r  c e n t  ) . Condi t i o n u  
unde r  which  avalanche:; ~ c c u t - I  v w y  c c n s i d e r a b l y  and arc! n o t  e a s i l y  p r o d i c t c d .  
The !oosS, f a v o r a b l e  time f o r  a v a l a n c h e  formation 2.8  j u s t  a f t e r  heavy snowfal l_ ,  
e s p e c i a l l y  i f  t h e r e  h a s  been  nlrlch wind. The h i s t o r y  of' t e r n p e r a t t ~ r e  and 
h u m i d i t y  change  b e r o r e  and d u r i n g  t h e  s ixom i s  i m p o r t a n t  (LaChape l l e ,  1968, 
p. 423-4251. 

Wc p r e p a r e d  figure 8 ,  a map o f  s n o w s l i d e  h a z a r d s ,  by i n t e r p r e t a t i o n  o f  
t e r r a i n  i n fo rma t i -on  from t h e  t o p o g r a p h i c  map, t h e  s l o p e  map of t h i s  f o l i o ,  
v e g e t a t i o n  i n f o r m a t i o n  frorri s e r i a l  p h o t o g r a p h s ,  and  d a t a  s u p p l i e d  by F r a n k  
J e r a u l d  o f  t h c  U.S. F o r e s t  S e r v i c e .  Areas  shown i n  t h e  "known s l i d e  h a z a r d "  
c a t e g o r y  (1 )  have  had o n e  t,o t e n  s l i d e s  i n  y e a r s  of average s n o w f a l l  mind 
w e a t h e r  c o n d i t i o n s .  Excep'r, i .onally l a r g e  a v a l a n c h e s  t h a t  nlay o c c u r  i n  t h e s e  
areas w i l l  have c o n s i d e r a b l e  r u n o u t s ,  

Areas  "general1.y s t e e p  crzough f o r  8 l i d e ~ ' ~  ( 2 )  have marly s l o p e s  s t e e p e r  
t h a n  26' ( 50  p e r c e n t )  and L o c a l l y  s t ~ e p r r  khan 35" (70 percent), Small. s u r -  
i ' i c i a l  snow s l i d e s  I T K X ~  o c c u r  on t h e s e  s lupc r3  ? n  most years, but la rge  s l i d e s  
are r a r e ,  e s p e c i a l l y  below 2000 m ( 6 , 6 0 0  P t  1, where d e n s e  f o r e s t  1s common. 
The terrazn i n  c a t e g o r y  (2j c o ~ ~ l r i  be hazsr 'doi~n t o  t h e  c ros : j -count ry  s k i e r  o r  
wintel- h i k e r .  
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Flood Hazards 

FIood f requency f o r  pr:irncipal s t r e a m s  bras dctermiu'ied by u s i n g  basing 
c h a r s a e t e r i . ~  t:i@s, s"i;s@arnflow measl%~emerats, c"/l.nnel geometry (YJlosre , 1 968 1, and 
a v a i l a b l e  gza67:irrg sS;atlion r6ec;ortls, 

Except f ors Galena Ct-eek, where fl.ood fr-equency was determined by t h e  l o g  
Pea.xal-son me"cod, morx weight was g i v e n  t o  t h e  ehanrlel geometry 1~esu1.t.s and 
rcrl~ndfng tras always to a hi.ghc;r number t o  psovfde an added s a f e t y  f ac to r ,  The 
f lood-f low e s t i m a t e s  shottm i n  t h i s  i l : lust ;ra, t ion ape  a c c u r a t e  t o  abou t  one 
s i g n i f  ieanl; f i g l ~ r - e ,  baxt a r e  r e p o r t e d  l;cn as r n m y  as two s i g n i f  ieant  : f igures  F o r  
ref.at.ive cosnpar'i.son. 

Frerqrasney sstl.mates arve p ~ e ~ ~ e n k e c l  i n  t e rms  of aven:-age condit:f.or-rs for* l o n g  
p e r i o d s  of  tl.me, and no predicti.ora i s  made f o r  reguXarLty s f  r e c u r r e n c e ,  For 
example, a f l o w  hav ing  a 100-year reeurir-er.rce i n t e r v a l  may occur  s e v e r a l  t i m e s  
w1"l;in a 1 (30-yew peri.od, o r  i t  may rnot occur. a t  a:l:E. Hcwcver, Tt does 
t ;heoret3_~~3.: lgr ,  have a 1-percent  eha.nce o f  oceur r i .ng  evee-y year, 

I":l.ocrd magnj.t udes  s f  t h e  ggi., ven r"'reqrssuici.es were (Bet 6:rmin~d by rel.8 k ing 
long-tern? mean discharge t o  f l o o d s  oP known f reqr~ency  at; long-terbm ga.g:!.rxg 
stations. The 100-year flood flows pr2esented here gave s l l . g k ~ t L ~ r  h i g h e r  
resu:k ts when compared w i t h  t h e  '100-yc;arn f l o o d  fl .  ows ob ta ined  u s i n g  Hardi.sonq s 
metkiod CHa~di.son,  1973).  Bart of" t h i s  dj-ffei-ence is probab1.y due  t o  rorlvlding 
r.1pwar.d a:.i an added s a f e t y  fac to r* .  F Io~)d . i ng  OF a rnagnj-tude g r e a t e r  t.k.aalz the 
100-year fl.wod may occur i n  any arbea i n  any given year. 

D e t a i l e d  s i t e  s t 1 ~ 2 i . e ~  ar*e r-equired to deterqmi.ne wa te r  dep ths  and degr3ee 
o r  daniag~? r e s 1 a 1 . t ~ .  from t h e  above f ' loods.  The w a t e r  d e p t h s  and danage v ~ i l l .  
i n c r e a s e  from the  10-year t o  t h e  100-year flood i n  the canyons,  Wot~ever, this 
l.s n o t  nc;c?essari.l.y t r u e  f o r  t h e  val , ley  margin:% and l""l.oor, where w a t e r  may 
Leave the channel  and s p r e a d  o u t  to a shallow d e p t h  o v e r  a large a r e a .  

Stream--eha~?nel, cw'oss s e c t t o n s  were ,.st~r*v'ayed, roughness  ese l"f ic iemts  were 
se lec t t ed ,  and channel  s l o p e s  wer-e dekernrrined s o  the Ma~'1ning f low eqi.latfon 
cou ld  be s o l v e d  i n  terms o f  d:isehx7ge "c devel.ope d e p " c i d g e  r e l a t i o n s ,  
The rlcpttts o f  the  100 year fl.oods were o b t a i n e d  fr70m , these  rc? l .a t ions ,  and t h e  
flcaod plains were cr'ef'ined can the b a s i s  of t h e s e  d e p t h s ,  

The '100-year f'3. ooc'l p:t.ai.ns of Franlctown, Oyhf r , and W.Ln@ea.bs Creeks were 
di.ffj.cvrlt to d e f i n e  because  t h e  ck~annel. c a p a c i t i e s  are i n s u f f i c i e n t  t o  carry 
tkla f l tsad f" l c .ws ,  and t h e r e f o r e  la rge  vall.ey a r e a s  wou1.d be :l.i?undated by 
shal . law sheet  f'2.o~. Pondi.ng wes t  of t h e  f r o m a y  (U,S, 395) w i l . 1  occter i n  same 
a r e a s  a s  a r e s u L t  of t h e  h i g h  l a k e  stage, 

Except f o r  Browns, G a Z ~ n i i ,  and J o n e s  Crneek:s, t h e  f l o o d  mappr'ng downstream 
from J , l t t le  Washoe 1,alce ~ 3 . ~ 3  done by tile U, S ,  Auanry Cor*ps oz" EagLr-teers ("15)72), 



If t h e  t o t a l  area tr-i.huZ-,ary t o  Washoe Lake was s u b j e c t e d  t o  a ZOO-gear 
f l o o d ,  t h e  r e s u l t a n t  r~nrloff  i n t o  t h e  l a k e  would r'aise %he l.ake l e v e l  a b o u t  4 
f e e t  above t h e  s p i l l w a y  (assixming t h e  lake was n e a r l y  f u l l  at t he  onset of 
Ploocli.ng), The vol.m@ o f  i .nflow, czbcrut 211,000 a c r e - f e e t ,  was es"c:i.niated by 
c o r r e l a t i n g  t h o  100-year f l o o d  peak of nearby gaging s t a t i o n s  wibh &he 
sesultant r u n o f f ,  These data were t h e n  extrapol-ated 'I;a rxnlgaged ar-@as t o  
obtain t h e  t o t a l  q u a n t i t y ,  

Qmnxt i t a t i  ve data w o ~ e  genera% l y unavni I.? b l  e Lo e?ategoaUl ze Iknown p a s t  
f loodn 1 n tern,.; of' inagnj t u d e  and p robab le  Ereqtrency o f  recurxvence3,  A sunlmary 
o r  general &@a ~ 'QP s e l e c t e d  h i  stouni&29 f l o o d s  "L 989 fo118m:  

Creek. "--.--"..-" Date  ----- l.'ypa o f  s t o r m  .----.---.".-.- Remarsk,.r 
Fran k t  own a  Feb,  2 ,  1881 Rain on Snow Darn f;-x.il.@d in L,i'ttI.e Val.l.ey; 

most o f  Franktown d e s t r o y e d ,  

b Dec. 23, 4955 Rain on snow Fisbart ISarn f a l i e d ,  ex te r l s ive  
damage tcs mill and houses 

Ophbl. 

Browns 

Galena 

a J u l y  6 ,  1890 IJnknown O p h i r  R e s e r v o i r  dam e'ailcd; 
e x t e n s i v e  damage t o  mlLi and 
houses ,  

c Jr,~?le 11 , 1927 " C L I P ~ C ~ ~ P S ~ O Y V ~  Grass 'I,alc@ Iies@rb'suois darn i'aj l e d ;  
farmland damage 3" 11 P l e a s a n t  
Valley, 

c J u l y  13--18, Thunderstorm M t .  Rose Ifighway k\la%idge washed orit ,  
191 l 

c J u l y  29 ,  1952 Thunderstorm Extens:E.ve damage t o  Galena Creek 
cannpg~ornnd , f i a h  h a t  oher y , and 
and r>knchl-ands, One 
related dea th*  

c: d i u 1 . y  20, 1956 Thunderstorm Exter~si.ve damage, fourn deaths, 
c Jan. 30- Rains t arm Farmland damage 

Feb '1, 1963 
c Awg, 15+ 4965 'Thunderstorm Fxnmlal?d danagc 

Steaollaoat c  Jan, 16-24, Ral.nn on snow one dea th ,  
1 OW6 

a ,  Ratay, 1972,  p, 1'/'7, 289, 
b, U, S, G e o l o g i m l  Survey,  1963, p. 286. 
c, V, 0 .  Goodwj-n, U ,  S. F o r e s t  Service, wrlt tcn camlnun., 1971, 

Water.-borBne debrl:a haza rds  e x i s t  w i t h i n  "the Washoe C i t y  quadubangle, The 
most l i k e l y  haza rdous  a r e a s  are a l o n g  pr i nci p a l  d r a i n a g e  courses,  as shown on 
t h e  Flood and F l u v i a l  debris hazards  mn:?p, 1m"iense f l o o d i n g  i n  w e s t e r n  Hevada 
i s  krlown to bo c a p a b l e  of' c ~ ~ t l c l c l y  m o h i l f z t n g  Jar@+ quarubltl.es of" d e b k l s  



rarrginp, fw70m clay-size material to large boul.ders, The debris genera:.ly 
causes damage mainly (19 through impact during transit, (2) by abrasion of 
fragile objects that are inc?orpornated l.n't:,o tkre movi.rrg debris and damaged 
durilag Lransport, ( 3 )  by b u r y i n g  objects and areas where Uhe dc?lrris comes to 
rest, and ( 4 )  by erosion along the path oP debris transit. The degree o f  
hazard posed by the rno.vl.ng debris depends on several.. factors, incl~~ding 
quantity of debris l.n trBansit, . i t s  pa.r*ti@:l.e-size cl:ksi;ributi.on, kinet1.c enel-gy 
of the water-sedi.,ment mixture, the specific I.anc2 use in areas st~bject to 
erosion or deposition and the effectiveness of warning prior to arrival of the 
de  bx-is, 

Tn western Nevada, historic damage to man and his properties by fluvial 
debria bas non~mally been the result of flooding caused by intense rainfall or* 
snowmelt rtlnoff. However*, debris damage a1 so has t-eulxlted from a 1-apid 
release o f  storBed wntc?r Collowing the fai lixre ol" darns, Tlae clam f'a.? iurcja have 
not always beem a~:.soci ,ltrjd with atoram runof P or abnorrnall y Inteu~sive slrciwmcl 
runoff', 

The potcnkia.1 for debrl.is movement within any drairaage a,rea clepends on: 
11 3 hi2 avai1abl.e s u p p l y  of debri.8, ( 2 )  particle.-s.ize d:i~"r,~ibuti.on of the 
dehrfs, ( 3 )  the degree of Landscape and channel slope, which contributes to 
the initial movement of the debris and also corxtrol.~ its eontinueel motlona or 
deposition, (4) the degree of expos\.nrc of nvaf.l..able debris to the force of' 
rrioving water, and ( 5 )  the avaiLabi.l..:ity of' water necessary to mobl.lLze and 
mainta:in motion of the debri.8, These were the principal. factors used to 
dei:l..nentc the delori--hazard zones shown an the map, Almostno quant:it;ative 
data were avaj.lab1.e regax-dj.11g pastdebl-is rnoverr7el~t in the Washoe City 
guadrawrgle; as a res\.xl.l, t h e  extents of "che rnapped hazard areas were eat;l.mated 
on the basis of field evidence of past debris movement, landscape and 
vegetative cover at the time of mapping, and experience of the investi-gators 
in obsernving , measur%img, and i.i?tsrpt*eting charae ter'isitics of' debri.s move~nen~t 
elsewltlex'e i,n the r*egj.crn, Ther3efore, the locatl.on of' mapped hazardous zones Is 
subject to change with the further accumuLatian of information regarding local 
hydrology, 8nd :i.mprct-\red knowledge concer*ning c . h a r a i . c s  o f  debr5i.s 
movement, The ara,.a.l t3,cterlt of the zones nwnight; al.~cr require modifl.ca,l;kon I.n 
,tlaa future because c ~ f  changes i n  local I.andscape and land-use ~l~arac?ter~istic,~$, 
j.~?c%uding a:ltera'r,ii3n of vegehative cove?, 

Al.tho~~.gh the Flood a,ntl Fluvial Debrd.3 I?azards Map shows o n l y  those 
eskimated hazardoms areas a::tsoci.atc~cl, witkt principal duaainage etaarrraels, 
additional areas are undoubtediy subject to potential f'luvlal-.debris 
hazards. These addi.ti.onal areas, i.ncluding those associated with srnal1.e~ 
dl-ainage units, cou3.d a3.s~ be the s:i.tes of" I.ntensi,ve dabx-i.s movernewnt and 
depositi.on t.lnder special sets of ci.rclumstanct?o, Proper* combiwxatkons of' I.;znci-- 
s~rsface slope, avaI3.ab.l.e debris, and adequate hydh-aulic energy can and do 
occasicvnally mobi.lf.ze destrbmctive debris loads in very snral.l drai.zaages 
(cornonly J.ess ,than 1 square mile 1 , Theref'ore, success Axl pS.a.r?ning t o  ;ava4.d 
the destruc2-,iva effects of watera-borne debr9is deperrds on carefu:b ecnnsideration 
of many controll,:ing ~~tzramcters ant1 a wide ruangs of natllraL and enan-tlaused 
effects that can trigger such hazards, 

I,arge differences ir? I.arrdscape eharac;ter-kstjjc;t$ and elirinate throughou"ctha 
Washoe City quadrangle contribute to similarly large ranges in debri-hazard 
pol;enWiaJ.. Drainage along the west; side of the aarea originates mainly  irz the 



S i e r r a  Mevada, which is  sub,ject  to c o n s i d e r a b l y  h e a v i e r  snowpaek and g r e a t e r  
p n % c c i p i l a t i n n  t h a n  is t h c  V i r g i n i a  Range a long  t h e  e a s t  s i d e  o f  t,he 
quadrangle?, However, v e g e t a t i o n  a l s o  i n  generally much h e a v i e r  thraughoue 
lnost of t h o  wcsterrr t r ighlands than it  is to tkte e a s t ,  A3 a c o r i . ~ e q ~ d e n ~ e ,  the? 
w e s t e r n  a r e a s  a r c  generally be t t e r  p r o t e c t e d  a g a i n s t  d e b r i s  movement on 
hill s i d e  s l o p e s ,  

7'kae e n t i r e  apes 1s 3ubjecL to  fn"i,en,cie p x ~ ~ ? e i p i t a t i o r ~  rr*ona tlxunder3kloweb.3, 
wlxictl oc:aasional l y c a u s e s  lkeavy rnnoli'f frbom even moderma t e l y  v e g e t a t e d  
8Lopeu, Also ,  heavy r a m s  on snowpacL can cause i n t e n s i - v e  r u n o f f  accompanied 
by s e v e r e  strenlra-ahanxrel er-osion thaf, rnobili zt?s large arnoian32,:~ of d o h  i s. 
I)o~al.ly v e g e t a t e d  areas ar*u nntur%al'l  y  most s~abJeat  to i n t e n s e  ruaaofl' ove r  b o t h  
h i lba lope ,a  and i n  main d r a i n a g e  c h a n n e l s ,  and a r c  t h e r e f o r e  gesnerydlly the 1~108t 

k~anardous  axbeas. 

AJ0n.g s t r ~ a m  channel:j. t h a t  ape deep ly  f . r i ~ i ~ ~ ? d ~  f l o r ~ d  f lows  and  t h c i r  
entr.aincc.3 d e b r i s  l o a d s  g e n e r a l l y  xbemain conf l.ned t o  normal. f l o o d - p l a i n  
zmnes. Boiaever, ctianrlels that are weakly i n c i s e d  a p  e s s e n t i a l l y  non ina i sed  
can raacf9.l.y be abanclovred d u r i n g  fl.oocling, p a r t i c u l a r l y  when d e b r i s  blocks tht;  
cakxnns1.s and sadica1l.y d i v e r t s  t h e  f"l.ood :flow. Normal. fl.oc>d-plain mapping and 
riorling c r * i t e ~ i a  gencra l l j r  do no t  eon side^ channel.. abandonmen.t and d r a i n a g e  
d i v e r s i o n  caused by e n t r a i n e d  d e b r i s ,  Thus ,  o f f - ~ h a n n e . ~  a r e a s  t h a t  might 
appear safe aceorbdi.ng t o  nonnrnal cl-1teri.a can be s u b j e c t e d  t o  s e r i o u s  fl.ooding 
arid d c h r i s  hazards cal"asec.3, by t h e  di .verted flow, Ll.kewise, on,-chaimel a r e a s  
downstrcara f ~ o m  t h e  pc3int of clivcrsi.on, which t r a n s i t i o n a l l y  would be accep ted  
a s  hazardous, may excapi, darnage, S p e c i f i c  areas probab ly  prone t o  t h i s  
channel-abandornment p roeeas  i.nel~,ede ( 1 )  most of' t h e  depcrs i t iona l  arleas can 
a l i u v i . a l  fan:?, ( 2 )  middle  r e a c h e s  o f  Cal..sr~a Creek downstream from FIighway 27 
and upst ream from t h e  carxyon j u s t  west of h31..easant 'Vall..sjr, a,rxd ( 3 )  t h e  1-ower 
r e a c h e s  of mumePous alnnarned epkleimera.l. drad.na&es, As a r e s u l t  o f  the: 
uncertainti .esn posed by this u n p r e d i c t a b l e  j:rlaocess, the znnp shou ld  be viewed a s  
o n l y  a general .  e;.uide; t o  probab1.e klazarbdot~s areas,  ra t ,he r  t h a n  b e i n g  accepted 
f o r  pl.anning ptarposes as i n d i c a t i n g  wcl.:L-defined, rel . iable may u n i t s ,  
De"ciled planni-ng f o r  s p e c i f i c  areas may r e q u i r e  d e t a i l e d  o n - s i b  eapp6i.n:g ~ i t h  
great a t t e n t i o n  t o  t h e  combined e r E e c t s  o f  f lood  flaws and t h e i r  accompanying 
d e b r i s  l o a d s ,  



Elzginee.i>fng charac te r '  of e a r t h  materials var ies  fxwm p].ace t o  place i n  
t h e  Washoe Lake a r e a ,  and these v a r i a t i o n s  may s t r o n g l y  a f f e c t  t h e  ca.sa o r  
zixccens of" l ,and devc?:l,oprnent, Enfqineerfng c?harac tewl o f  uurat,at4.i n l s  r:jc.tor*mlne:s 
t h e  e a s e  and permanenee of gratllng f o r  roads a.nd b r ~ i l d l . ~ r g s ,  t h e  e a s e  of 
p r o v i d i n g  s t a b l e  f o u n d a t i o n s ,  and the s u c c e s s  of' s e p t i c - t a n k  a b s o r p t i o n  
s y  sterns . 

I n  t h i s  r e p o r t  we d e s c r i b e  the enfqlneer ing c h a r a c t e r ,  compos i t ion ,  and 
phys:f.t?al prcsper t ies  o f  t h e  rock and s o l . l  materJ.al..s o f  t h e  Washoe C ' 3 . l ; ~  
q u a d r a n g l e ,  We d e s c r i b e  e n g i n e e r i n g  charactex- in t e r m s  of spec i f i c s  
entn;l.neeaqirzg charaeter : t . s t l .@s,  :911eh FRS b e a ~ i n g  ca.pac:i"i;ry, e x c a v a t a b % % . i t y  ox* c u t -  
sl.ope :3tabiLiQp, ea.ch urf wh:ic:h de~cr*.?.bes the rf:sponue of earth rraaterbfa.ls t o  
particr~3.a~ e n g i n e e r i n g  demands of tlevel.opmerrt. 

Me have e v a l u a t e d  t h e  emgineerFng charac te? r  of e a r t h  mater1aJ.s i.n t h e  
Washoe Lake arqea u s i n g  a r*econ~salssa~sc?sf: rnetherd developed by C ,  M, 'Wepitworth 
and o t h e r s  i n  a s t ~ r d y  of t h e  engineer in^ c h a r a c t e r  s f  hi . lXside  mater5al.s j.n 

t h e  San F r a n c i s c o  Bay rveg:i.ort , Ca:l.if orr1j.a f ~znpuh,  data,  1971--71.3), Using t h i s  
r~etjaod,  we have systemat:i.cal.l.y lx l fer red engineer ' ing ct-i;rrbar?ter*%stic:3 o f  
mcsterQ.i.als I.n t h i s  area Pr'om f i e l d  obse rva t i .ons  of the i . r  composition and 
physical .  p l -oper t3 .e~.  F1el.d s t u d i e s  i n  t h e  Washoe I.,ake area have been 
supplemented by Free-swc?l.l testtng for3 errpansl.vi'i;y c s f  materia;ls by M, S1, 
Norman and R .  9 ,  Greenwood, X-pay d i r r r a c t i o n  a n a l y s i s  of  c l a y  m a t e r i a l s  by M, 
R, Norman, data f ~ o m  selected wate r -we l l  logs on f i l c  with t h e  Nevada S t a t e  
F:ng%r~eer-, and eragineerbing t e s t  d a t a  ?or one site sou%!? of the Washof3 City 
quadrang le  (Nevada Mi-ghway I)epar&mexxt, 1972 1, Xnf o rmat ion  wa:j a l s o  obtal ,ned 
from Thompsovr atid White ( 'I 96!.i), Rush ( 1 9 6 1 )  , disc~xss:! on w:ldkn Carl Cahi . l l  o f  
t h e  Washoe County Heal'tY? Departrnc3nP; ('l9"73), d.i.scuss.lon w l t h  Rober t  A ,  Mattl?ews 
( 14'79 1, kind o t h e r s  maps sf t h i s  folio, especial-ly t h e  Efyd~ologic Map, We 
:j.rtcl.txcXe desc r j .p t ions  OF composi t ion and physl.cal, properties bea?aznse t;hey arw 
t h e  b a s i c  d a t a  from e&~J.ch we have inf"erqred eng ineer i r lg  characs ter ,  and because 
t h e y  p r o v l d a  b a s i c  in fo rmat r im fl-cxn which o t h e r  a s p e c t s  o f  erxginee~.i.ng 
behavri.or nnay be inferred i n  the f"ilCtarne, 

The r_9escr*iptions 3ppl.y tc t h e  nr1i . t~ cfe:Ll.ne:ated on t h e  Geol.ctgl.cs Map arad 
Cross  S~re t io ras ,  Becatxse most oQ t h e s e  u n i t s  arke hetcrc:)ge~zesus,  t h e  uni."c 
c lescr ip t i .ons  I.nelucle informat:.Lco abou t  a l l !  t h e  matexvials pr*cseua"c.n a urai.'t 
rathen- ti?a.n the p a r t - c u l a r  ~li;~teri.cll.s present n t a  g$I.ven s:i.te, 'The usera can 
estl.n!lat@ the cngi .neer ing t>B..~a,raoteri .s tfcs a t  a s i t e  from t h e  ur1i."r;descrl.ptLoi.1:3 
i f  t h e  p a r t i c u l a r  mat@r.:l.al.,c~ wwl.thin t h e  un3.L can be rEecognized,  However, 
j .nformation p resen ted  h e r e  cannot  r e p l a c e  t h e  d e t a i l e d  s i t e  s t u d y  necessa ry  
For d e s i g n  o r  s t ! -uctures ,  The I.nf"c)rmnt'i..nn herbe i s  b e s t  s u t t e d  for* ~ e c o g a ~ i z i x l g  
problem areas pr- lor  t o  devel..opment, F'or examyr:le, problems may bc an t i t a ipa ted  
i n  u n i t s  d e s c r i b e d  as c o n t a i n i n g  expansive m a t e r i a l s ,  even though expans ive  
ma.terklal.s do not  caec:ur everywhere i.,n l;l?t?sc: u n i t s ,  



Tab1.e 3.--1i:xpee-table severi.i;y of p:rcih:l.em; t o  re:;identi.a?. d.evel.opment resul- t i l ig  from 
engirieerint.; c h a r a c t e r j - s t i c  :; of m3teriizl. wi. t h i n  8m (25 f t  ) of t h e  p;ro.~md. s u r f  m:e: P, 
s i ~ b s t a n t i a l  p rob l -em;  m, minor o r  p o s s i b l e  problem, ---, l i - t - t lc:  o r  no probl.em; R ,  po- 
t e n t i a l  h a z a r d  ( s e e  hazard  maps ) ih ide r l ined  symbol. i n d i c a t e s  t h a t  problem occurs  
i.n mos.t of  t h e  u n i t : ,  1.10 11r1.fier:Li.n.e j.ndi.cn-tes .t;hai; p:ro'blem occ.urs i n  one . tenth t o  one 
ha.:l.:f o f  t h e  u n i t ,  
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Sumnmary of" Enlgineel-ir~g Character of (;cologi.c Units 

Tabl.~? 3 summ?arj.zes the er?[{i.r?eel...~ne7;rin character of each geologic: ~1nl.t i n  
terns of" the impact of' the mater*j.al.s of that unli t  on rnesi.dentlal. 
developnnant. Tkae deve:l.opxnent is assumed to involve 3.ight lcsads of" strn~uc~ttrres 
and pnvernents, s e p t i c  tank sys"i;?nns for* waste disposa.X, and, on slopes, the 
creation o f  I.ovel sites by cut and fi'l.J., S~~(:cess of water wells is not 
evaluated, Only the effects of materials within about 8 rn (25 ft) of t h e  
gro~xnd suryace a m  corasJ.dex'ed i n  table 3; the effects of fresh bedrock are 
excluded (see Effects of Weathering), 

The summara.i.es in tab:l.e 3 are in'tended "cca serve as n rough, J.nit4.a,l 
appra%sa:i. c ~ f  problems rel.a.ted to engEneerj.ng c?bauaacter of car3,t;h maderial.:-;., 
Problems a.rcr noted in those materi.als that r3eqrzj,.re acYdl.tS.onal work to be used 
effectively, as where excavation is dirficult, or In those materials that may 
r-not serve Intended purposes, as where g>ermeabl.Xity values are too Low for 
septic tank abso~ption systems, Table 3 lists the severity of problems t h a t  
occur in each unit, but does not describe the problems or the particular 
ma"r,epi.a:l.s in whi.oh khey occur, More @onpapl.ete and specific: descrip'tion of 
ew~gineering characber i.s i.nc.l.uded ixnder IJx1i.t Descoripi:,ions and :Ln t h e  
d i s c u s s i o n  below. 

Effects of Weathering 

Bedrock and unconsolidated deposits shown on the Geologic Map ana Cross 
Sec"cjon,s aute physi cal iy anid chcrnieal ly modi f l e d  near the ground stxi"face by 
weatherhng, as sketched i n  riia;ur3e 9, Effects of" weathering ar9e most 
prbcfiicdnnc:cd i n  bedroc:k materials, I n  the arras  R~OWI'I as \)ed~"oc?Ir on the 
Goo l o ~ f  c Nap, bare r90ek genera E Ly c3ocs not appc?,ir at the grourld strrf ace, but, 
"i seovc?retl by n R L I ~ ~ ~ C ~ F I ~  n1lli311C7e OP soI.1 and rock dcbri:; ((I"lg, 9l3, C ) ,  The 
surfJ c1 FI 3 m n n t l  s l a  oornnilcrn l y 8ol"L or Iot~ss grnnu !.arm rnntejrl n l  thn2;. Snel lvrdes 
blocks ol" rock, TTralcknt.?ss o r  the sur3fYelal matltle -Is var*iable a ~ r d  ufterx 
dir"rbc1xlt to estfrn;l,t,e, ixtt genera i 'Lv f o l  lows tllc pattern shown in f'iguuqe 10, 

Bedroek near the ground surface shows effects of weathering (fig. 9 B ,  
C!, The most significant ef fse ts  are the opening of existing fractures, 
development of new fractures, ~oftening o f  the rock through breakdown of 
mineral. ~{ra:Ln,g, and rel.ease and moveanent of' c?l.ay and oxl.des, Bedrock modl:rl.ed 
I..n these ways 1..s termed weathered bedrt'ocslc i.n contrast to the deepor, 
unmodified, f:rbesh bed~ock, The depth of bedrock wer-a@llerS..ng is highly varl.ab1.e 
even w i t h i  small areas, Where rock does not crop out, weathering is 
generally s:lgnif*:ie;~rrt to depths of' 3 to 18 rrm ( I 0  to "3 0t), 

In the Washoe City area soil has S"ar?rnecl within "1 ( 3  f"t) or so of the 
ground srrrrace, Soil. is genera1.l.y best developed on gently sloping or flat 
grcrt.~nd t~heyae do~d~1~1.ope movem~?nt has not interrupted t;he slow chemical 
wc?a.thering processes that ].each the senrfi.ci-al soil. and c?oncent~adc clay and 
otk~er m!:%tei.lIals j.x? the snbso:l.l. ( f i g .  9C, D), In mnconssl.l.datecrc deposits and 
snrri.ci.el rnanE;le, soil forrnatlon is accorfrpa.nied by downward movement of c lay  
and oxidon that coat grains to depths of at least 5 rn ( 1 5  Et), Soil 
dovelopnlent I.s st~onger and coatings of clay and oxides more abundant Ex? the 
older ~dnconssl.idated cleposits that have been weathered I.onger, 



granit ic bedrock '! \ 7  bedrock 

Figure  9. --weatherin[; erfec.i,s on e a r t h  mater i  n3.s in t i le  Wnshoc Lake a r e a .  ( A )  ::chemtic 

b : ~ ~ ~ k  d-jagriim of Wa,lloe lakc area. (13) S ~ i l e ~ m i i . ~  c r o s s  seci;ion o f  wcal;he:tAing pliases on 
g r a n i - t ; i ~  bedroi:X. (c) Sr:hemat-ic c r o s s  sec-tl.o11 of wentrhrrlng pha.ies i n  nollgrnnikic bedrock-, 
:;howi,ng drve..Lopiec~lt of new f:rac.[;ores i.n we.ilhered zone.  ( D )  S c i i e m t i c  cross ~ e c t i ( 3 n  of 
weaUeri.ng e Cf.'ecLs on une ons 0l.i da.ted depor; i.ts . 



P i g u m  lo.--:ichem.~tic b l o c l i  d i a g r m  of hil1.aid.e and (:;myon i ; l ~ o w j . ~ ~ ~  typical 
variation in thj..clmer;s of surficial. man.- t le .  



S x > l a n a t l o n  and Use o f  Uni t  D e s c r i p t i o n s  : ...-. L"---. --...,.-* "- .-.*...-. ' -.a_m- *- ---..- ..-....,,--. " ..-- -.--- 

The terms rnned -In each e n t r y  o f  t h e  u n i t  d ~ s c r * i p t i o n , r  a p e  discg,nssed 
below, a l o n g  w i t h  i-nrormation ner:snsary f a r  use and i n t e r p r e t r z t i o n  etP the data 
i n  each e n t ~ y ,  

f:ompos i t i  on 

We descr:l..be t h e  cot4aposi.tion of t h e  unkreathered materj.al.s t h a t  tacctlr i n  
t h e  unit; auld %;%re a,pproxrlmate pa-oportl.on of" t h e  areal  e x t e n t  o f  the u n f t  
.clnde~*Zaia? by each t y p e  o f  rna'celmj.al., F o r  unconsol . idated c icpos i t s  t h e  p r i ~ z c i p a l  
disl;ingu:i.shinhS f a c t o r  :Ks s i z e  of' grtain!r and rock  rragmenh ((i;ables and 61 ,  
A m a t e r i a l  Ps c a l l e d  c l a y ,  and behaves  b a s i c a l l y  a s  c l a y ,  where more than  one- 
f o u r t h  t o  one- th i rd  of a sample c o n s i s t s  o f  clay-size p a r t i . c l e s ,  a pr*opc-irtian 
s u f f i c i e n t  t o  eompI.el;e%y F"i,.l. p o r e s  between l,arger gra:~n:r, Clays  ape 
d e s c r i b e d  as sandy' o r  s i l t y  where sand o r  s i l t  c o n s t i t u t e s  much o f  the 
matel-l.al, M a t e r i a l s  ape ca:l.l.ed sand  o r  s i l t  i.f they behave b a , s i c a l l y  as 
g r a n u l a r  nsaterials. Santls o~ silts are called c l a y e y  if' they c o n t a i n  c l a y  
s i~ f f " i e? ien t  t o  p rov ide  same cohesRon but i n  amounts Less t,flrin. one--fourt;h t o  
o n e - t h i r d  o f  the  m a t e r i a l ,  Matew*ia%.s are ea l l . ed  {r,r*?zvels where they consist ;  
Iarzgel.g of pebb:l.es o r  I.arger cLa:sts ( t ab l e  S o r t i n g  descrl.bea t h e  
t l i s t r i b u t i o n  o f  g ra in  sizes i n  a mate?-ial.; we1.l-sarVte.,d m a t e r i a l s  have near3.y 
tlnlform grain sl .ze,  whereas poor3.y s o r t e d  m a t e r i a l s  have a broad range o f  
grairx s i z e s .  G~-.a.x~ul.a~. m a t e r i a k s  ape cal.l.cd c'l.san wherae f i ne r  c'l-ay-silt m a t r i x  
13 a b s e n t ,  In fo rmat ion  eornpS.led from wa"Lsrwe3XI l o g s  I.s c l e a r l y  desl .gnated 
because? t h e  r e l . l a b j . l l t y  o r  t h e s e  log:"li sunesrtai.n, and 'neca1,ese t h e  \sell. 9.ogs 
d e s c r i b e  v e r t i c a %  r a t h e r  than  a r e a l  abundance of m a t e r i a l s ,  The d i s c u s s i o n  of' 
the p;eol.sgic map con ta l .ns  addi . t i .onal  i..ufor*ma'ci.ol~ on composi tlorr o f  some uni . ts ,  

WeatherPng and S o i l  

For  bedrock u n i t s  we g e n e r a l l y  descr ibe  t h e  t y p i c a l  composi t ion of 
s u r S l c % a . l  man t le ,  %,he connposi"ci6~n srvlc i  t h i c k n e s s  of' soil .  devslc1pec.1 .in t h e  
m a n t l e ,  and s f g n l f i c a n t  weathering e f f e c t s  on bedrock o t h e r  than  t h o s e  
dsscrw%bed ahovr? Sor t y p l e a l  weathered bedrock,  Pa r  ul?lcon3oilidatc:c1 t l epos i t s  we 
gerue~al.ly d e s c r i b e  t h e  t h i c k n e s s  and coraposi.ti.on o f  soi l .  dsuel.oped 013 t h e  
uni . t ,  ."in par t ic?ul .ar  t h e  praesence of' c3.ayey stlbsuil. ,  arrd weathering e f f e c t s  
t h a t  extend deeper  :Ento the ma.ten?l.al., 
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S i z e  C l a s s  In ter -media te  ci:iametee3 of' 
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We dcscri.be soi.1. as poor1.y (or weakly) developed where it exhib5.t~ l..ftt,le 
coneent~atl.on of' c l ay  in the subsol.1. and hence :is only a sligh"r,mcrd-i.fl.cn.tion 
of the parent material, Wel.l-devel.oped soils are thost.: ,that show proml.nen2; 
dif f?erbentlation of anatf!rl.al.s in t,he sol.1, prof',l.le, partieul.an":ly cuncentrat:%on 
oF clay in the subsoil. Materials in which original pore spaces are filled by 
sec-?or?daray c1.a.y arc: clescri.becl as clay=-cl.oggecl, Soil th:l.tzkukess is common1.y 
measured to the base of clay @oncexltration in the subso:i.:l, 

We r*eport thickness in apprc~xi.mate terms for "c~o:;e ux~its whose thic!kness 
is known within usefuP l i~ii ts ,  All units vary in thickness over their area of 
exposure .  Umconsol:i.dated c!epnsj.ts, 5.n par-ticul.ar, c:ommanly thin near t h e i r  
rrrargi,ns. The thickness sf" many u 1 ~ l . t ~  3.t specilic points can be estimated from 
the Geologic Cross Sections, how eve^, the thickness of some uneonsolidat;ed 
cleposits near Washoe Lake has  been exaggerqa,tecl 1.17 the (:n?oss Sectiorna, 

Har*dness of matewsials l.s ermtiely rnea,sured with "r,"ie geo1.ogl.c hammer*. 
..,**--.----- 

according to the hanatiness scale in table 5, -"------ Fractz~.e*e=acj~ng-artcE paa;allel- 
~ r t l r g -  both describe the spae1.ng sf cr-aeks or pl.anes o f  weakr~ess in t he  , .-,--.---, 

materia:l ... Ftrtac?"r,ures break across bedding c z r  roll-a'tion; paral.l.el parting 
breaks along bedding or :FoLiatlon, Fracture and parallel parcting together 
define ?,he spael.r'll;r; of planes o f  weakness and hence the sir;&? o f  na"c.nral3.y 
occurring pieces of the material, Soft mater>ials general-ly Lack mechanically 
sign:i.fiearat fracture and parting, ....-..--......-. Beddi.ng;r -.A cf.eserl.bes %he tPb:"a.ckness of' beds and 
their distfnctness, Reds are called dfstinct where they contrast in 
composition and contacts between beds ape sharp; indistinct beds lack 
contrast, or contacts are vague or [qradational., Measures of fracture spacing, 
Gadd4.ng i-,hd.cknss:3, 3pacl.n~ of par.8l.l.el. pal-4;S.n~ find s i ze  of' fragmcl;nks are  
befi.ned i x i  table 6, Where n specif.i.c prc~perky, such as bedding, is  absent,  no 
entry is given in the un:it descr':ip"ciotio, 

Physical pr-operties of weathered arrd fresh ma.ter'ia3.n are desor-i.bad 
sepnrate1.y wherever differences between them ape significant to engl.neerlng 
charaekc?~. Physical propcsr"c:T.es oF snll. and snu.fl.el..al. mant1.e arc: no?:; deseribecl 
for each unit, because these materials are commonly loose to firm approaching 
sort cirl. t h  v a r i a b l y  abundant ~ o c k  fragments , 

Engineering characteristics 

Engi noer ing  c h a ~ a e  t er i :12;i, c::~ are ~eportcd on3 y where they reryul re special 
at tentir~wr Ian Aevc.1 oprnent . 

7"a.k)l.e 5. ilrarsdnezs Sca3.e 
For geologic hammer hitting intact pieces o r  material with n1ocleraate force: 

" -*------,*" ,,-..-,..---,,.--,-, -."."---...-,~" -----------" .--..--.--,-.-, "--" ,-,..- "--".--.-" ---,*-. ,-.-, "..,-*-.~"--.~--"--"---*.."--"- ----- ",.--"*-""... 
Hard -- Flanmer head bounc~es wi t11  nolj.d :ssuurxd 
Very firm -. Intermediate between firm and h a ~ d  
F"inmrn -. FTarnmer head derats w i t h  t h u d ,  p:F.ck point derits 

or slightly penetrates 
Fimn app~-oa.chi.rxg s o r t  -- Intc?rsnetlii.nte bet'wcen firm and soft 
Soft - Pick point perletrates 
1,oose - Material. la.cks c:ohesi.on, :l.l. tt1.e res-sis tance to hamk~~er 



' f a b l e  6 ,  S c a l e  o f  fr1aclur^.e spacS ng, becBdJ ng t h i  ckrteos 
and  f ~agrnent s i z e ,  

Bedd tng  FrBars t urve Fa-aganelz l, Custr>matay 
Metric "i,hl ckness  spac3 rng s l  ze U,S, 

0-1 erm Very thl.12 Very c l o s e  Very m a l l .  8 - 0,s i n .  
I--5 cm Th j- !,'I C::i.os e Smal.1 0 - 5  .- 2 I.n 
5 crn - 0,33 m Medium Motler'ake Mectium 2 - *I 2 :i" n e 

0,33 - 'i xn Thick Wide Large 12 - 36 i n ,  
I rn Very t h i c k  Very wide V e ~ y  l a r g e  36 i n ,  

Maximum tlimenaion g e n e r a l l y  spcci.r.i ed where g r e a t e r  t h a n  1 rn (36 in, 

Psrmea\13.11.-8;y.y d e s c r i b e s  t h e  e a s e  w i t h  whickl watex* can mo've thre~xgh t h e  
grcrtrsrd . FJe repor"cst:Lmates o f  ye ; rmeab i l l . t~~  i n  fou r  @5.auses, each coverl.ng a 
range  of a t  Leas t  t w o  order% of" magnl t r~de of t h e  coef f i . c l . en t  o f  permeabl l i . ty  
f i g  1 We under took no l a b o r a t o r y  o r  f i e l d  t e s t i n g  of p e r m e a b i l i t y  b u t  
e s t i m a t e d  let from physj.ca3. p~ope l -k i . e s  ( t h r o t ~ g h  t h e  r e l . a t i o n s  shown in t a b l e  7 )  
on t h e  b a s i s  of t h e  few eontl-01. d a t a  shown i n  f i g u r e  11, This  procedure  h a s  
y:Lel.ded on ly  approxtmate q u a n t i t a t i v e  p r e d i c t i o n s  03" permeaki l . i ty ,  Where more 
acciara te  infornrati .on is needed,  I.aboraator*y o r  Giel..d t e s t s  a r e  necessa ry .  

Wa.$er moves i n  t h e  ground through in termconnected p o r e s  t h a t  c o n s i s t  o f  
spaces between gra.:I.rzs ( in t t?rgrannl .ar  popes)  and al.ong open frat : . tures,  The 
p e m e a b i l l t y  sf m a t e r i a l  fs c o n t r o l l e d  by t h e  abundance,  openness ,  and 
i n t e r c o n n e c t e d n e s s  o f  t h e s e  two k i n d s  o f  pore  s p a c e s ,  The p e r m e a b i l i t y  of  
unconso:ll.dated d c ? p o s i h 9  sur3;"i.cXa:l. man t le ,  and s o i l  rc3~1~lt;s :I.ar*gcLy' f"x*om 
In te l -graanular  pores; pernaeat>ill.ii;y of? lnedrock may resulP.t from intergrarrul . ,a r  
p o r e s ,  Fracte l res  poraes, o r  bo th ,  

For each bedrock unl.l; we est;:irnate p e r m e a b i l i t y  of  fresh bedrc>elc: at d e p t h ,  
s h a l l o w  weathered bectroclc, and s u r f i . c i a l  man t le ,  E s t i m a t e s  f o r  f r e s h  bedrock 
a t  d e p t h  ( a t  Leas t  100 rn (300 ft) beneath  t h e  gsuund s u r f a c e )  r e p o r t  the 
5,argely  in ter - .granular  permeabil.i. 't~p of  matcrQial . s  below the l .eval  a t  w12ich 
un load ing  and wea the r ing  have opened f r a c t u r e s ,  E s t i m a t e s  r e p o r t e d  f o r  
s h a l l o w  bedrock r e f e r  t o  weathered bedrock w i t h i n  about 10 m ( 3 0  f t )  of  t h e  
ground s u r f a c e ,  and assume somi? opening o r  fa-actures  ant1 d i . s t i n c t  bedding 
pl -anes ,  and t h e  r e l e a s e  of cl.ay i..n e e r t a l n  rock  type^, Permeabil.:i t:i.es a t  
d e p t h s  between t h e  deep and sha l low c a s e s  a r e  g e n e r a l l y  i n t e r m e d i a t e  i n  
value. 





T a b l e  7 .  P e r m e a b i l i t y  r e l a t e d  t o  m a t e ~ i a l  c h a r a c t e r  

Very low I n  cl.aysy rock and harcl roclc, sa%;urated severbe ly  expans1.v~; 
c l a y e y  s m r f i c l a l .  man t le ,  and proksabl.y Fn s a t u r a t e d  
s l g n i f i c a n . k I y  expans ive  c l a y e y  m a n t l e  

Idow In f i r m  ~ jands tone  l nckl ng c~liundnn t c l a y  xnatr-4 x 
c r y ~ t a l  l i n e  cement bu t  w i t h o u t  v L ~ i b i r  p o r o s i  t . ~ j - ~ ,  and i n  
urrexpnnsive clayey- a l t t - f i c tn t  mant7 e 

Moderate I n  g r a n u l a r  m a t e s i a l , , i n @ l u d i n g  sandy s u r f i e i . a l  man t le ,  
w i t h  visib1.e porosi.tyJ-/ es!;imated "r, be eequ:i.valea"co that 
o f  :Loose, v e r y  f l r ~  grbai.ned sand 

Very law Sn mosL rock more "i;h?%n 100 m ('300 Pt) bc1.o~ ground sur'l'acc, 
arid i.n ssatural,ed, expans j  ve, sofa; t,o Ei  rm c l a y e y  rsclc 

Low I n  most f r a c t u r e d  r o c k  l e s s  than  10 rn ( 3 0  ft) below ground 
s u r f  ace f wide o r  c % o s e r  f r a c t u r e  spac ing)  

ModeraaS;e Poa:3ibl.e f r ~  ve ry  c l o s e l y  t o  model-akely l"rr~r?,t;!.~rctE rocBt I .ess  
t1.1a.n 1C1 un (30 ft) beLc9w gr-ounr! scarvf"r%ee, exceg)"cher 
abundant ft-ee cl.ay ( s o f t  t o  f i r m  c l a ~ y e y  rocica 

High Poss : ib le  where f r a c t u r e s  have been opened i n  l a n d s l i d e s  and 
i n  h a r d  ~*oc?lc n e a r  Faults 

..--,--*- ------- "-," ---- ~ .---,. --------...".---.---.-- ---.-.--.-------- ----. 
' / ~ i ~ j . . b ? . e  p o r o s i t y  -. Lntergranu1,ar  p o r e s  evident  irnder 10x !land lent:: 

(Ibvri.c?us p o r o s j  ty .,- i n t e r g r a n u l a r *  p0rc.s e l ea r - ly  ev:i.clex?t t o  naked eye 

For unconso l ida ted  u n i t s  we g e n e r a l l y  e s t i m a t e  p e r m e a b i l i t i e s  f o r  
e o n t r a s t L n g  composit ionn within t h e  d e p o s i t  and f o r  t h e  s o i l ,  P e r m e a b i l i t y  
e s t i m a t e s  fo r  a l l  unconso l ida ted  d e p o s i t s ,  s u r f i c i a l  man t le ,  and s o i l  assume 
t h a t  m a t e r i a l  is s a t u r a t e d ,  

A p p l i c a t i o n  t o  Water WeL3:3 and Septfe-tank 3ystems 

Permeab i l . iw  inforwat;ioi^i is u s e f u l  f o r  pxbedl.cting t h e  8ticcf;ss of water 
we119 and sep t ic - tank  sys tems ,  a s  shown a t  t h e  t o p  o f  f i g u r e  1'7, S u c c e s s f u l  
wel..ls commonly requ1.t-e nnoderal;e o r  h igh  p e r m e a b i l i t y  i n  ma.ter*ials  beneath  
s u r f i c i a l  man t le ,  PurUt-ier i .nform%tisn on w a t e r - y i e l d i n g  eapab:f.l.ity o f  we1l.s 
can be f'ourud l.n the Ilydrol.og:ic Map o f  t h i s  f'oCI.Io, 

L,imitati.ons on per3c07;ation r-ates f a r  s e p t i . c  "cak a b s o r p t i o n  syskem can 
be e v a l u a t e d  L X S ~ P I ~  t h e  p e r m e a b i L i t i e s  1-c;ported l"or n e a r - s u r f a c e  m a t e r i a l s  .i.n 
each u n i t .  For  naany areas where bedrock unit:$ are shown or1 tihe map, 
a b s o r p t i o n  sys tems  w i l l  i n t e r s e c t  bo th  s u r f i c l a l  mantle and weathered bedrock,  
so  t h a t  t h e  p e r m e a S i l . i t i e s  of' both  materia1.s  w e 1 4  de te r s l ine  t h e  s u c c e s s  of a 
sys tem,  I n  unconsol.li.clat;edc depos i . t s  t h e  ~zermeah i l . i . t i e s  a f  materj.als from Q,6 m 
( 2  1'9;) t o  2 m (6 f t )  d e p t h  w 1 l . l  be :Z.nvoLved, .i.neludJ.ng sol.1. and subso:i.l., 



P e r c o i ~ i t i s n  r a t e s  shou ld  be adequa te  where t h e  m a t e r t a l s  invo lved  have 
mi:cferate o r  high permeabS.l.i.ty; Low o r  v e r y  low perrneabil.i.ty ~ e s u l - t s  i.n s e v e ~ e  
I.imitat%orxs ( f  igurae I I , Sonle h igh  permeabi.li .tg rna.l;er6ia'l.:-r i,n t h e  area,  such 
a s  r ~ u c h  of  t h e  s u r f i c i a l  mant le  over  bedrock,  p e r m i t  such r a p i d  movement o f  
sept:i.c-"tank e f f l u e n t  t h a t  con tamina t ion  s f  wa te r  s u p p l i e s  can r e s u l t ,  
Addit;l,arrnl Pnfo~nrati .on an peu*cola'tloxx r a t e s ,  especl.ally f o ~  sha'1-iol.a a b s o r p t i o n  
sys tems i n  t h e  f l a t  v a l l e y - f l o o r  a r e a s ,  may be o b t a i n e d  vla t h e  S o i l s  Map af  
Lhis  %"ol.fo, 

Success  o f  sept;ic-.tarrk sys tems r e q u i r e s ,  i n  addit i-on.  t o  a d e q u a t e  
p e r m e a b . l l t y ,  ,-turJ"fj.c.,ii.:nt depth  t o  hi-gh seasonal .  gr5esurad water z.nd s u f f i . a f e n t i y  
gent l . . s  slope, High seasor3a.l ground fn~aZ;er (as tsel.1 as -impeu*meabl.t> mater ia1 .s)  
~ n e a s t  g e n e r a l l y  be a t  :Eeas"c 1, 2 rn ( 4  f L )  b e 1 . o ~  t h e  abscsrbpl;%on sys tem (Nevada 
State BmaP o f  I leal th ,  1972, p, 293, SZnce a b s o r p t i o n  sys tems m r l s t  be  at; 
] .eas t  0.6 m ( 2  F t )  deep  (Nevacfa. S t a t e  Board 09" H e a l t h ,  4972, p ,  '@), dep th  t o  
ground water  ctf  less tFian 1 - 5  rn ( 5  f t 1, as sl?own on t h e  Hgdro3..ogic Map, 
probably  p r o h i b i t s  use of aeptfc-"r;nk sys tems ,  and d e p t h s  to grtrund water of' 
Less than  3 rn (10 f t )  ma?! a f f e c t  t h e i r  cXc?si.gn, L,%.mitations inrposed hy 
s t e e p n e s s  of s l o p e  a r e  l e s s  c l e a r l y  defj .ned,  b u t  proposed sytems on s l o p e s  
s t e e p e r  than. 20% {nee Slope Map) f e n e r w a l l y  come aandsr c l098  sc , ru t in j r  by t h e  
rc$ulatoray agency, Suc?h sl.opes req1a:i.r.e at)3oa?pt,i.olj sys*cc::?lras deeper  thar'l 9 , 5  nr 
( 5  ft3, s o  t h a t  ksedrock as t~e3.l a s  sterfj-cia]. nnant3.e w i l . 1  p robab ly  be 
encoun te red ,  p o s s i b l y  l e a d i n g  t o  con tamina t ion  of  w e l l  w a t e r ,  

The j.nformat:kon i n  t h i s  ro?. io on, p(5rmeab-i%iky9 dep th  t o  ground water, arlci 
s t e e p n e s s  o f  sl.ope can be used on ly  as an approxl.nnate g1x'l.de t o  t h o s e  a r e a s  
where t h e  grownd can sur:ceasful.ly accommoda.te s e e p t i e - " t a ~ ~ k  sys tems ,  Success  of  
systeins a t  spee:i.f.ic sites carr be prc?.rdioted o s l y  by t h e  on-s:i.te f .nspect ion and 
pe rc?o la t ion  t e s t a  rteqmi.red Tor approval. of" proposed systerns,  

Bear;f.n~?; Ca.paeity 

E3cara;ing capac i . ty  3.3 t h e  capa.el.ty c,f m a t e r i a l s  to s ~ ~ p p o k - t  s t r u c t u r - e s  , 
Poor beari.rxg ca .pa@i ty  r1esu1.2;s f r ~ ~ n  weak o r  c~mpressi . 'bl .e  materl.als t h a t  permit; 
excessive s e t t l e m e n t  o r  d i s t o r t i o n  of' s t r u c t u r e s ,  D i s t o r t i o n  r e s u l t i n g  from 
shri .nk and swe1.L of expans ive  f'ou??da.ti.on n:ater:!.al.s i s  tr7ea.l;ed separ-ate3.y 
b e i o n ;  dli,sf;ortforq froin I"ai:l-ure wlelat.c?d t o  ear"cqunke-induced :I.iqucfa,c:tion I.s 
t r e a t e d  i n  t h e  disc tass lon o f  the G e o L o ~ l c  Hazards Map, We evaPua te  b e a r i n g  
c a p a c 3 . t ~  of each u n i t  on3.y fo r  :l:i.ght I.oads such, a s  rr'ame -?houses, which we 
assume t o  cxermt  Potxrldation p r e s s u r e s  of l e s s  than 4000 I.b/ 'ft  Heavy s t r a ~ c t u r e s  
may cause  k>earning-capacity problems i n  many mate r l . a l s  tka"cwould e x h i b i t  no 
ysrobl.ems under  B.:ight l o a d s ,  nota.bl;cy 5.n t h e  s o f t  t o  loose materl..cz%s 
csl' s u r f l c i a l  rnaxl'kle and many ~aneon:$ol.idated deposi:ts, e s p e c i a l l y  tklose 
c o n t a f n i n g  s u b s t a n t , i a l  amounts oT mica,  

Because no enginec?r%ng t e s t  d a t a  are  ava.:i:l.able f o r  t h e  'Wa,skloe C i t y  
q.iiadrangl.e, we have e s t i m a t e d  bcar.i.rtg c?r:ipacity l%.argel y c)n t h e  b a s i s  of the  
c , o r a p o s : t . n  o f  m a t e r i a l s  1.n each tinj.E;, 'rlnl.s ii?t"ormlsztion :is s~ lpp le r i~en ted  by 
t h e  prc:)babll.ity t h a t  unJ.Z; i a  saturatecl C l.na"er~recl a"~*onn t h e  Hydrologic  Map) 
and by c r u d e  e s t i m a t e s  of s t a n d a r d  p e n e t r a t i o n  r e s i s t a n c e  based on d a t a  for 
one ci i te  I.mmadiatef..y s o u t h  09" "r,fic? quadrang le  (He-cracla Wighwa!y Depar*tmenT,, 
1972),  The bearl.ng c a p a c i t y  of'ceacl.k mate l - ia l  13 ca"l-,agorized as poai.ng 
problems, p o s s i b l e  problems, o r  no problsrns,  Problem m a t e r i a l s  i n c l u d e  
csrgani.r: cl.ay, p e a t ,  and l o o s e  o r g a n i . ~  s a n d ,  silt; orb mr.id, matc:ri.als f o r  which 
the? Unl.Porm BtniLc%lng C:ode ( '1 9'76, t a b l e  29-B) r e q u : i ~ e s  f onrkdat:lan 



-i.nvest:iga%ior~. C lays ,  s i l  ts,  ,.jaCirp.ated uniform f i n e  s a n d ,  I.oose s a n d ,  and 
s a n d - s i l t  m i x t u r e s  a r e  m a t e r i a . 1 ~  c a t a g o r i z e d  a s  p o s s i b l e  problems; t h e s e  
o a t i s . f y  Unj.f'orm Bu-i.l.ding Code ( 1976 ) s t a n d a r d s ,  b u t  show presumpt ive  bear:i.r~g 
c a p a c i t i e s  o f  l e s s  than  9000 I b / f &  (Wough, 1957, f i g u r e s  10-12 and 98-13; 
Uniform Building Code 19701, 

A l l  e s t i m a t e s  assuune t h a t t h e  hi.gkafy o r g a n i c  suaqface I.a?yer o f  soil is  
removed op p e n e t r a t e d  by f o u n d a t i o n s ,  because  o r g a n i c  m a t e r i a l s ,  b e i n g  
compress ib l .~? ,  w:!.J..:l. t?IOrllrflonl.:)r f a i l .  wk183"e used t o  s u p p o r t  s t r u c t u r l e s ,  Loose 
g r a n u l a r  mater%al:3 .ireported 8s liavfrlg no problems may s e t t l e  when svabjectetl t o  
s h a k i n g  o r  v i . b ~ a t j . o n ,  e s p e c t a l . l y  s u s t a i n e d  vsibx.at-i.on as  produced by nearby 
c)perat:ion of heavy nraehinfiry, 

E x p a n s i v i t y  

E:rrpansivi.ty is t h e  c?a.palo?.:l.ity of  some cl..a:yey m a t e r i a l s  t o  f~we9.1. when 
wet ted  and shr ' ink r11.>on? c"iuqyir?[q, '6962 ca:l.3. m a t e r i a l s  expans ive  i f  t h e y  a r e  
c a p a b l e  sf? sweEI.J.~lg s1.16fieientl.y and tsi-th enough f o r c e  t o  damage l l g h t  
s t r . iac , turss  such a.8 4"r-ame hoa.lise8, r o a d s ,  s l a b s ,  or s@pt l . e - t ank  systesns, We do 
no t  e v a l u a t e  p o t e n t i a l  fo r  s w e l l  under h e a v i e r  I.c>ads, I r z  t h e  Waahoe Lake arvea 
a subst;an"r,.aI. proport:ion o f  s o i l s ,  part1cuLarLy s u b s o i l . s ,  are expans ive .  

S h r i n k  o r  s w e l l  o r  expans ive  m a t e r i a l s  ~ e s u L t s  from change i n  wa te r  
conden t .  S1gn:Lficant changes i n  b ~ a t e r  eouiterar; of slnal.10~ m a t e r i a l s  can be 
bra\.rgh,t abou t  du~.I .ng tfeve1,opment by such ssem:l.ngl.y I.ncoraseqj.,~entisa.l. a c t i o n s  a s  
rerrioviniu; ar p l a n t i n g  t r e e s  o r  ecsns'i;ruetj-ng s l a b s  on g r a d e ,  Ineasurezj tihat; 
change t h e  evapor*at'-on ar~cl evapotransp-iaQratj-on regl.mes, Si.mil.arly, adding; 
water t o  t h e  grorxnd thrko!.agh sept ic?- tank sy:3tems and irrl.gnEr.i.on, or- rqemovl.mg 
w a t e r  Prom t h e  ground by w e l l s ,  can promote s i g n i f i c a n t  expans ion  o r  
c o n t r a c t i o n .  The s e v e r i t y  of" movement depends ,  Ira p a r t ,  upon t.he change I..n 
water corrtent  and t h e  tlnl.cknesn of expans.i.ve m a t e r i a l  i n v o l v e d ,  These f a c t o r s  
can be deternj -ned o n l y  by d e t a i l e d  s i t e  s t u d i e s ,  s o  we e v a l u a t e  si tnply t h e  
inher ten t  c a p a b i l i t y  of m a t e r i a l s  t o  s w e l l .  

For purposes  of" founda t ion  d e s i g n ,  erlgilrleers raeasrar-e e x p a n s l v i t y  wi th  
loarjed-swell  t e s t s ,  wherTc?by t h e  material .?.a s u b  j e c  bed t o  changes  I.n mois tu re  
under  a confl.n:!.,ng l o a d ,  'f3e(?ausr? 81~(:h .tpe:3t3 are e x p ~ ? n s i v e  and t:lme consuming, 
we have used t h e  f r e e - s w e l l  t e s t  fKryn ine  and Judd,  1957, p. T i k 4 ) ,  This  is  a 
s i m p l e  l a b o r a t o r y  t e s t  t h a t  measures t h e  capacity o f  d r y ,  f i n e l y  broken 
mal;er-i.%l t o  take on waterb and expand without, a l o a d .  Tho r n e l a t i o n  between 
f r e e  w e l l  arad swell. under l i g h t  1.oads is  shown i.13 f i g u r e  72 f o r  a s u i t e  of 
samples  se1.ected t o  $pan a broad j.a.ngs o r  free-swel.9 val .~xe,~  (based on W O ~ ~ S  i n  
t h e  San F r a n c i s c o  Bay region by 'Cdentwor.*th and otl?er.s), ITairlg t h i s  r e l . a t i o n  we 
have e s t i m a t e d  expaunsivity under l i g h t  Loads trom f r e e - s w e l l  v a l u e s  of  sanlples 
ae l . ee ted  from each t a n i t ,  

F ree - swel l  val.uas of samples  r,eoin t;he Washoe Lake auwa a r e  p l o t t e d  in 
f i g u r e  1% 1.c)catians of" snmpl-es ar-e shown 1.n f i g u r e  1 4 ,  Most sanlpI.e~ show two 
v;r.[l.ues: the small. do2,s show t h e  Yr'es-swel ... l v a l u e  obtal .ned by t h e  s t a n d a r d  
t e s t ;  t h e  Large symbols show t h e  v a l u e  r e s u l t i n g  a f t e r  s y s t e m a t i c  addi$ . ional  
tap-do\m of t h e  saxnpie, The tap--down sel-wes t o  el.j.ml.nate t h e  compr~nent of 
appapen"lrswe%l that; r e s u l t s  from I.oose packing o f  sand and s l . l . t ,  and  t h e r e b y  
h e l p s  i d e n t i f y  s w e l l  caused hy expans ive  c l a y ,  The e x p a n s i . v i t l e s  w e  r e p o r t  i n  
the descrip"i,.c>ns a r e  based on the tapperf-dcsbrrr fl-ee.-swell val,rxes where these 
arc; a v a f . l a b l e ;  o t h e r w i s e  they  are based on t h e  valtaea ob"cal.necl by t h e  standanqd 





t~lethod.  Note t h a t  crur e s t i m a t e s  of" expar r s iv i ty  a r e  based on compart,:%son of the 
ta.gped-dow'r~. val-~xes of thTa s t ~ t d y  wi th  t h e  unt;>.pped contr 'ol  ,sampl..es shown 2.11 
figure 12, Thrzs i f  our  e s t i m a t e s  a r e  in ctrrort., t h e y  p robab ly  nnde~ .esk imate  
the expans l .v i ty  of mnr~terial-s, It:si;imatc?s of abuxldanee of each sampled matee r i a l  
have bean? c?omb:i.ned w:i.t!l t h e  free-s.wel.:l. val.ues ::hewn 3.n f i g u r e  13 i n  tlescri.bl,ng 
expaxxsivity form each trni.P;. 

X-ray dl .fEraetlc>n ana'Eys:ln of" e i g h t  sarny:)l..es, rep~esernt : i .ng  a broad rtartge 
o f  p a r e n t  nra.tel-J.a.1. Yfrf.gure 14) ,  shows tB~e c 3 . a ~  port1.ol-r of" mcla,gL san1p1.e~ t o  
c o n s i s t  Largc3l:y of mixed-layer ~u~ornt~no~i:l.loni~Le 'The l a y e r s  in te rmixed  w i t h  
mantnnorillcsmite ape 1 . a r ~ e l j r  I . l . l i t e ,  though e l ? f o r i t e  axnd u n i d e n t i f i e d  m:!.nerals 
a r e  a l s o  i n t e r 1  ayered Minot* t o  sl.gx~if:"l.eanl; amounts of" kao:l.ir.ni"ie and lessen- 
anulount o f  c h 4 . 0 ~ i t s  f "ib arrd sep%n'l.:ite( % )  a r e  presetlf; i n  most  sample^, and 
k a o l . i n i t e  is dominau~t :En one,  

BIrbkel.and ( 1969 ) concL~ldecB t h a t  .rilontmoril.l oraite si~ou:Lci be t h e  dominant 
c l a y  rnin-reral In so:59.3 o f  t.1n:f.s area. Al.khongh many o f  t he  samp1.e~ t h a t  we 
e,raml.r~ed were no t  so'i.l., and d e s p i t e  the f a c t  t h a t  we obkained ].ow Free.-swe1.l 
v a l u e s  f o r  some h i g h l y  c l a y e y  m a t e r i a l s  ( p a r t i c u l a r l y  from t h e  :lake d e p o s i t s ) ,  
t h e  t o t a l  r e s u l . t s  s u g g e s t  t h a t  most c l a y  rnl.rreuqals are montrnouqi.lLonftic and 
t h u s  ape expan?si.ve. C l a y e y  mater la3 .s  l.n t h e  Washoe Lake apes shou1.d be 
c o n s i d e r e d  expansive uwatil, prover] ntkaerwise, espeeica9.ly t h o s e  Lhat show 
popeorna t e x t u r e  oi. shr*:%nkag@ c r a c k i n g ,  o r  tktose t h a t  s lough  r ~ p i d l y  from a n t  
s l o p e s .  The S o l . 1 ~  Map and t e x t  provj.de addiEi.onal, soureerr o f  inf"ormation on 
t h e  distraihrntion, of? axpansi.vc.i sol.l.s. 

E x c a v a t a b i l i t y  

M a t e r i a l s  in the Waskoe Lake a r e a  vary i n  t h e i r  ease of  excavaLion from 
ltlrosc. I,haF, can bc dug w-! t h  a nhovel t o  t i lose ";at+ r,n-.r~clrxiu*e hla,n,t"ig, Me 
e v a l u a t e  s x o a v a t a b t l i t y  .in terms o f  t h e  e f f e c t l v e n c u s  o f  t h r e e  eomaon nlethsds 
ulc" excaval,isn--trenchir~g, r q i p ~ - i  ng , and heavy n ? l  pp-i ng  <or blasting, as d c f l n e d  
i n  I"kqur*e 15. Eva lua t  Eons i n  tcrms o f  t h e s e  e x e a v a t l o r ~  method3 and rnachincs 
can be appl-ied d i r e c t l y  o r  used a s  s b n d a r d s  ol'" r:omparison 9"sr otkner machines 
ox* o b j a c t i v e s ,  

Trenching is a common excavat . lon objscrt:i.ve f o r  which t h e  Case 580, a 
medim.-duty backhoe, :E.s commox1l.y used ,  Only s o r t  m%t~:r*ial. :l.s here  termed e a s y  
t o  t r e n c h ,  blat hard mate r i a l .  can be treneltad wi.tl i2 di f f l . cu l . ty  w h e r e ~ e r  
r e l a t i v e l y  Loose p i e c e s  s m a l l e r  than  the 0,6 rn ( 2  E t )  t r e n c h  width a r e  
a v a i l . a b i e  to he plucked o u t ,  Trenching of' ma te r i a l .  t h a t  cannot  be dug with a 
backhoe %:lone r e q u i r e s  heav:ier eqta:l.prrlerht orn prn.!.or S.oosen?ing wi th  s p e c i a l  
techn:i.ques, such a.s r i .pping , mechanical. spl..E%:,ting, ol" b l a ~  king.  

Hipping :ls a eornrnon method o f  hrcak:ing m a t e r i a l  t o  permit  trenching o r  
%.arger  exca,vatioms, and t h e  Cal;erptl . lar  D8 (or  equi.valex~l; 1 crczwl.er t x - a e t o ~  i.s 
a r o u t i n e l y  used ,  hen'vy-duty machine, The ef f e c t l . v e n s s s  o f  r%ppl.rxg firm t o  
h a ~ d  rock  trn an  open, a c c e s s i b l e  s u r f a c e  depends p r i m a r i l y  an  t h e  a b i 1 . j . t ~  of? 
t h e  r ipper* t o o t h  t o  p e n e t r a t e  t h e  rock along P r a e t u r e s  o r  bedding p l a n e s ,  
EIarcR rbock can  r e s i s t  s i p p i n g  where t h e  spacj.rag of f r a c t u r e s  or* bedding p l a n e s  
exceeds  atrout 1 rn ( 3  f't ) . Some ve ry  w i d e l y  f ~a .e tu r .~c .d ,  tough but  not 
e s p e e i a L l y  hard rock ,  such a s  much of t h e  b r e c c i a  of t h e  Kate Peak Format ion,  
may be grooved by t h e  r i p p e r  tooth withou t  be ing  b roken ,  
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Most rnaler ia l . s  t h a t  c?ailnot "s erl.pped w i t h  a DO o r  e q u i v a l e n t  t r S a c t o r  can 
be r i p p e d  wi th  h e a v i e r  o r  tandem eqwl.pmer~t;, ff" the  m a t e r l . a l  cannot be r i p p e d  
i n  t i l i s  f a s b i o n ,  t e c h n i q t ~ e s  such as b l a s t i n g  m t r s t  be  employed, In  t h e  p a s t ?  
b:l.astJ.ng has been r e q u i r e d  i n  much rvock i n  t h e  a r e a ,  b'ixt riyp:i.ng &;echurJ.ques 
c o n t l n u e  t o  Improve; hence heavy r i p p i n g  and b l a s t i n g  ape combined i n  t h i s  
eva:l-~xa,tion, B l a s t f n g ,  as used here, i .ne ludes  t h e  lase of  h:i.draellic hatnrners and 
o t h e r  mechanical  s p l i t t e r s ,  

Banr e s t i r a a t e s  of  o x c a v a t a ' b i ~ 1 . y  a r e  based 0x1 t h e  roS.atl.ons shown i r i  

f i g u r e  15 between excavat.inwr methods and physical .  propeu2t i .e~ o f  ma te r i . a l s ,  
r t  lhe  relat i .ons were detcl?rminetl irr t h e  eshucly by Wentworth and o t h e r s  ( ~ ~ n p u b ,  
d a t a ,  1977-78) i n  &he San F r a n c i s c o  Bay region th rough  l i m i t e d  f i e l d  
obsersrat'r.oris and d i s c u s s i o n s  w i t h  er,[?;ir1eer*3.ng geol.og3.aZ;s7 &ri~; l .neers ,  and 
equipment oy7c13rqaturs f a m i l i a r  w l t h  +>xeavatj.on work the rue ,  

F i l l  c h a r a c t e r  

We Y*~Po?:% t h e  presence o f  m a t e r i a l s  t h a t  rn:i.ght e r e a t e  problems 1JF iised 
t o  b u i l d  compacted fi1. l .s  f o r  s u p p o r t  o f  i.i.gi7.t loads such a s  r o a d s  o r  houses .  
Ct2mpaeted f:11.1. 1s i n  common3 u s e  wherever l e v e l  s i t e s  are r e q u i r e d  i n  slop:f.ng 
t e r r a i n ,  as ske tched  in f i g u r e  46, We hta.ve 14ot evaltmated 8~n.i.tabi.Eity o f  
nnateral.al.s f o r  u s e  i n  o t h e r  t y p e s  of f1.1.9., such as to impound wal,er, b u t t r e s s  
o t h e r  ea~%tl-i, on% s u p p o r t  heavy l o a d s ,  Most materials i n  the Washoe b u i l d  
oormpaated f':i.ll.n, 'rsut some matc"rl.al.a c a u s e  rnors problems tl-ran o t h e r s ,  The 
major datrbimental  components o f  compacted f l E l s ,  once v e g e t a t i o n  and t h e  l o o s e  
o r g a n i c  s o i l  have beer1 removed, a r e  abundant  c?l.zny, part3.@rxl.ar3.]r p l a s t i c  cl.ay 
arrd oYu'ersj.ze r0(:1c frnagmerlts, Abzxtzdant c l a y  makes it d i f  f i c u l t  t o  o h t a i n  the 
m.oj.sture conzter11; needed f o r  p roper  compactiora. R ig id  p i e c e s  o f  rock  l a ~ g e r .  
than  about  15 enr ( 6  i n )  a c r o s s  eanno"i;b eqsutirrely incorporated rE.n compac?.t;ed 
f i l l s  because  t h e y  a r e  larger than  t h e  t h i c k n e s s  o f  each ~ o ~ l p a c t e d  l a y e r  added 
t o  t he  f i l l . .  bhese  such pieces amount t o  more than  about 5 p e r c e n t  o f  t h e  
volume of %'%%I, they cornonly  reqtxire s e g r e g a t i o n  ~ n d  s p e c i a l  hant l l lng,  The 
di f ' f i@u: i . t ies  r e l a t e d  t o  the  p ~ e s e n c e  o f  c lay  and oversize f r a g m e n h  stes~zl..t i n  
crdeled c o s t  f o r  p roper  crcnxnpa@t:i.on, o r ,  i f  p roper  eompa.ct:i.on 3.8 n o t  ach ieved ,  i n  
subseq-zlent sc3t"ce~flen"ccrf t h e  f1.3.1., "rd khal~e i n f e r ~ e d t  t h e  p r e s e n c e  o f  c l a y e y  
:l?il.l, hii.ghly p l a s t i c  c:l.ayey f 4 . 1 1 ,  and. o\rersl.ze f ragments  fanom eo~n~ros l t i on  and 
physical..  p r o p e r t i e s  of each 1~1-1it, t lsing t h e  r e l a t i o n s  i n  tab1.e 8. The 
dcscript . l .ons raf 'e r  t o  tdhe xnaterl.al a . r t e r  exr:a.vatl..on, hanrll.in$, and compaction 
by heavy ecluipment, l % ~ e : ~ e  e s t i m a t e s  a r e  n o t  aurl"ic:ieaat fox* liesign o f  f i l l s ,  
which requLre  detailed s i t e  s t u d y ,  
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so,& (%go) or ig ina l  slope 

15% (8.5') original s lope 

F.ig11r.r. 16.--Cross sei..iion sho*.ing e f f e c t  of i j . f f e r e n c e s  i n  origj-rial s l o p e  on heighk 
and 6ept;h oi. c u t  reqnjreri to area te  ].eve1 cut;-an&-fil l .  p i ~ d s  oi i . den t ic i~ l .  width usi-ng 
2: I ( 50%) cat-and-fiI.3. s l o p e s .  Pad w i d t h  i s  2101 (80 E:), suf : f ic ieni ;  f o r  one vesiden- 
t i a . 1  housepad.. 



Trab1.e 8, Fil.1. chax-actera i.nf'eruVed I"rorn physl .ca l  p r o p e r t i e s  

Fi1.l c h a r a c t c : ~  d e s c r i b e s  "the exl.s"rence 04" c l a y e y  f:i..LI. and k11.ghly p l a s t i c  
c l a y e y  f i l l . ,  and t h e  p resence  fo more than  5% oversize fragmertts (larger t h a n  
15 ern (6 i n ,  ) d i a m e t e r )  rema.j.ni.ng a r " t e ~  Eaandl.ling and oompact,-lon by heavy 
equiptnenl ,  

E a v e ~ c g L  Cmctre t h a n  abou t  one-t,hird @Pay) Is d e r i v e d  fronn c l a y e y  
stxral'"lclal. mantle; auld rrom (21 aycy rocle f,hlpi; -i 3 ool"l, t o  firm 
approaching s o r t .  

I-Yj&kQp:l.astla c ? ~ a ~ e ~ f i l . l  (more than  a b o u b o n e - - t h i r d  h i g h l y  p laa" i~c  
",- -.------- -.-----.,- -- .*.*.~ .,.,. ~---" 

c l a y  j?.) is der lvet l  a"rom s e v e r e l y  expansi-ve s u r f  i c i a %  mantl..cl! and f n.om 
s e v e r e l y  expans tye  c l a y e y  rock t h a t  I s  so f t  t o  firm approaching 
sof2; , 

C1"versize fraqment:~ am sepcrr ted whc:rt$ 10% or rrzore of' a matc$rl,al, c o n ~ l s t s  
11.17Cl".~--._IlR_-.-~--",-.a &-.I""̂  

o f  hard t o  very f i rm pJeces  of medium s ize  ( see  tab2.e 4), or 5% 
eonsl . s t  of very I'irm t o  Xla.rd p.:l.eees crrf 7,arge orq ve ry  l.arge s i z e .  

Cut-sl.ope stabf.1it-y descr i .bes  t h e  like3.ihoud tI.~at, materia1.s wI.11. s t a n d  
f o r  a :l.orng Elme 1.n c u t  s l o p e s  excavated P;c~ c r e a t e  Level  s3.tr-r~ for ~*oi3.ds o r  
b u i l d i n g s ,  Most n a t e r l . a l s  i n  t h e  Washoe Lake area a r e  s"cabl..e i n  t h e  
r e l . a t l . v c l y  g e n t l e  (2 :  1, 50%) s,l;anrlard c u t  slopes f o r  which s t a h i l : h t y  I.s 
evalua . ted  h e r e ,  but s t a b i l i t y  of 80~18 u n i t s  1.23 Less c e r t a i n ,  Ma.rzy m a t e r i a l s  
are ut.sst-,:sble whet-e s t e e p e r  c u t s  are r e q u i r e d ,  

E f f e c t  sf Ground Slope on Cut Slopes 

The hel..ght o f  (nut; s l .opes  depends up:)on t h e  oorI.ia;l.n.al, sl.opc of t h e  ground 
sr..~r~racs. F3i.p;tkre 16 f3 . l .us t ra tes  t h e  depkhs e).F' 227 ( 5 0 % )  c u t  s lopes  needed t o  
ereate c u t - a n d - f i l l  pads of a g iven  width  on or:S.ginal s l o p e s  o f  55, 15$, and 
30$p v.val.u,es t h a t  seyjara te  s l o p e  c a t e g o r i e s  showra 071, t h e  Sl.ope Map of tk11.3 
f o l i o ,  On s3.oges up to 15$, which make up the va.l.l.ey f l .oors and rnwnt o f  t h e  
Motxnl; Rose fan ,  eu,"csl.opes w t l . 1  g e t ~ e r a l l . y  be l e s s  that] 2 rn (6 .ft) deep and 
s h o ~ l l d  pose Pew praoblems even I.f the nrraterials are unstabl .e ,  I n  c o n t r a s t ,  on 
s l o p e s  of" 50% and more, whi.ch are p r e s e n t  3.n "c~e  Carson Range and I.n p a r t s  s f  
Stearnboat E-Ii:11.s, t h e  s"carrda~?d 2:l (50%) cut, sl.ops canno t  c r e a t e  IeveI. s p a c e ,  
and steepom* eu. ts  must be used ,  Much of " c h e  g ra r tu la r  s u r f i a a l  mantle of t h e s e  
s t e e p  h i l l s i d e  a r e a s ,  al.tho~xgh s t a b l e  i.n t h e  s t a n d a r d  50% c u t  al..ops cons:lderbed 
i n  this e v a l u a t i o n ,  becomes u n s t a b l e  i n  c u t  s l o p e s  of abou t  60% o r  s t e e p e r ,  
Wherbc? t h e  groaand s lope  apysroactres 60% t h e  enl;i.r3e surufi .claI .  nws.ntle a p p ~ o a c h e s  
crritS.cal. eqerilibriimm, and a.ny r a l l u r E e s  i n i t i a t e d  by cuts ape l i k e l y  t o  extend 
w e l l  upslope. 

Evalua t ion  of Cut-s lope S t a b i l i t y  - 

We evaL1.1ate t h e  long-- tern  (50-year) stabi:L:i"c, ffnr a model cat s l o p e  o f  
spec1f":ieti he.l.ght and inslj..nat.l.oub as : I l . l . .~ la t r~a ted  I.,!? 8":Lgure l"1, "L'tso 2:1 (50%)  
i n c l % n a t l o n  chosen f o r  t h e  model c u t  s l o p e  i s  t h e  i n c l i n a t f o n  adopted as 
standartd by the l1vlf Porm Bull.d:tng (;ode ( '1 976) , W e  a.ssmme t h a t  k-redrock axposed 
i n  t h e  model c u t  s l o p e  is weathered,  



F.i.gure 17 .-.-??lie model. c u t  slope, 



I n  our  es"c,.mates o f  s t a b i l . i t y  w e  assume t h a t  m a t e r l . a l s  i.n t h e  rfiodel. 
c u t  s l o p e  wndergo c o n d i t i o n s  o f  sa t txrs~t ior~  anc"l:arthqtxake shakirtg apprrspri.ate 
fo r  t h e i r  a r e a s  o f  occur rence ,  Data on d e p t h  t o  g ~ o u n d  wa te r  (Hydrologic  Map) 
sugge,r'l; t h a t  l o n g - t e r n  aa"c;ra.t:i.on o f  materia1.s i.s Lf1col.y on1.y j-n t h e  ffJ.at, 
low-lying araeas wkzerae c u t  s l o p e s  ape geurera l ly  uxzraecessary, Prec:%pitat,itrn 
d a t a  (Rush,  196L pp, 1% and f i g s ,  5 , 6 )  suggest*  "chat texnpot*ary s e a s o n a l  
s a t u r a t i o n  of materialas t o  d e p t h s  approachl.ng t h a t  o f  t h e  nnodel, c u t  s:lope? i s  
1.Lkely only i n  t h e  Carson Range, whey@ prec ip i t a t l .oz i  exceeds  5 cm (2 i n , )  p e r  
mcrnCF.x ( ' to as much a s  "8 5 m  ( 6  i l l , )  pep month), Elsewhere t h e  eul; s l o p e  : is 
pl-obab3.y sakr~rated only  occasi.onal.lg d u r l n g  i t s  : l i f e t i m e ,  Moderate shak:tng by 
e a r t h q t ~ a k e s  can be expected duri.ng t h e  l i f e t i m e  of a c u t  sl.ope, b u t  we 
c o n s i d e r  sirnult,aneotxs s a t u r a t i o n  nrlcl sYnak3.ng t o  be ~ r n l . i k e l y ,  s o  we (:lo n o t  
c o n s i d e r  I lquefac t i .on  f a t  J.rr~.e of c u t  sl.opeas (see Geologic 'rlazards 1, Because 
t h e  o r i a r r t a t lo r r s  of  clats re la t : l .ve  t o  p l a n e s  09" weakness I r a ,  nla t s r i aPs  vary  from 
p l a c e  t o  place, t h e  sbbbi.3.j.ty of m a t e r i a l s  hav ing  s P g n i f i c a . n t  p l a n e s  o f  
weakness i s  e'val.uated fox' two g6:ometrl.c s : i . tua t ions ,  I n  a d v e r s e  s t r%rxctura l  
o r i e n t a t i o n ,  p l a n e s  of weakness ar*e l e f t  unslxpporb.t;ed by t h e  c u t ;  I n  favoi-able 
s t n a c l u r a l  o r l . e n d a t . a n ,  the c u t  does not r9emove sr.lpport frqcnn p l a n e s  of 
weakness ( f i g ,  18?,  

We have i n f e r r e d  the stabIl.5.t:y ol" materia1.s  :in t h e  model c u t  sl.ope f ~ o ~ n  
p h y s i c a l  pvsper"ces  of each unl.'c, by the ~c?l.a"i;.ons dest:ribed i n  f i g u r e  49, We 
r e p o r t  stab:l.l:lty :in te rms of  t h e  e x p e c t a b l e  al>undanee o f  major Eallu~"e:3 i.n 6ine 
model cut s l o p e ,  nlajor f a i . l . u re  h e m  meanirlg fai luwue o f  " c ~ - ~ t h i r d s  o r  more of  
t h e  c u t  I?el..g!'lt, nu t  Incl .~xding rockfa: l l  ox' rni.nox3 sl.t>~aghri.ng, We have n o t  
estinnated stalni.l.it:i.es f o r  geol.ogi.e unlita tha'k exc l .us ive ly  unde?usl.ie sl.opee of" 
l e s s  than  15$, o r  forb s o i l . s ,  whlcl? are  commonly tsc? th3.n t o  offer sigrrj.li.can2; 
s t a b l l j . t y  problems. Su~flc.f.al. rvlarltls (otkkera tharr soi:X.) is commonl.y grarru:l.ar 
maternla3. o f  h igh  stab:il.:lty i n  the model. ct-at s l o p e ,  brrt e x c e p t i o n s  a r e  rroted, 

The stabil:i;."ei.cs r e p o r t e d  f o r  t h e  enesdsl. cut; 3:Lspe can be used t o  sjst,l.mate 
t h e  l i k e l y  performance of  t h e  m a t e r i a l s  i n  h i g h e r  o r  l o w e ~  c u t  s l o p e s  o f  t h e  
sa.me I n c l i n a t i o n ,  u s i n g  t h e  fol'lowi.ng a;*ell.e of" thumb, Most mater1ial.s t h a t  arqa 
InFghly stab2.e %n t h e  model. c u t  sl..ope, inc l .uding most maten-ials in t h e  arnea,  
will. r-ernain h i g h l y  stab1.e in higher'  c;uY;s; t h e  Few mate'i.5.al.a t h a t  are of 
msder-ate o r  poore r  s t a b i l - i t y  i n  t h e  model cu"cwl.lL he xriuch l e s s  s t a b l e  i n  
h i g h e r  c u t s  and more s t a b l e  i n  I.crwer c u t s ,  

P~ll.tt~ough o~.~a? p r e d i e % i o n a  of cut; sl.aps behav:j..or may be used t o  ant ie ipal ;e  
t h e  ~>r*oblerras t o  be errc?ountered i n  a g iven  a r e a ,  9:.he s t a . b : l l i t y  of a g.ivc;ra c u t  
a t  a p a r t l . ~ u I . . a r  p l a c e  can be est.i.mated on1.y er r ldely  u s i n g  t h i s  j.nfcsrm%tion. 
The s t a b i l i t y  OF intll.v:i.dual. c u t  s l o p e s  tleg>et?d$~ on I..oea:i. r a c t o r s  t h a t  can krc: 
detoramil.neb o n l y  tkrrough cfetaLl.etl site st?,xdy and a n a l y s i s ,  

Other  p r ~ b i e m ~  

Problems d i s t i n c t  from t h e  e n g i n e e r i n g  e h : ~ r a e t e r i s t i c s  e v a l u a t e d  b u t  
r e l a t e d  t o  eng:'-neero:i.ng use  of? e a r t h  m a t e r i a l s  :lnc?lucle high w a t e r  t a . b l e ,  
s t r o n g l y  a c i d i c  ground water protfi~ced by materi.ais of unusua l  ccrmpoai.tiom, 
uneommorxly xbapl.d d l s i n t e g r a t j . o n  by weatber:Ln~{~ and presc;rrt,-day acct~mu3.;zt:tor~ orm 
movement sf d e p o s i t s ,  



otentiul failure plane along 
1 ,  

Pj.giirr :18. --(:ondi%i~n~ of' strut-l;urii or.ienta-tiorl i n  cut, slope!; + (h.)  nherse orientation 
of beildirig or fo:iiati.on, in ~uh:icii p:l.anes of weaBness are i n c i i n f 2 d  out of the ci,,l; slope at 

bn ang:l.e .less tllfm the cl.:it o:Lope. (8) F1avor:ible ori.er~.latiorl of bedding or . fo l ia t i .on ,  in 
whj..il planes o f  weak.ness are ii~cl.:i.i,e<i i n t o  -i,hc ~ U L  :;l-opc. ( C) rbvoriib:ie orientation of 
beddint: oY f ' ~ l . i n t i ~ n  but adverse orientation of on<? o:f throlighgoing :rrirctures, the 
other form (a long  vith A )  of adverse strnct~~iral ori.ei~tntion. 
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Figure I.f>. --Cut-slope s tab i1 i . t~  ol" weathered 'bedroc!lr and uric onsol.idated. deposi-ts 
in:ferrecl from physical prope~t ies . Tl~e ra-Lings descri'l?e the estimated long-term 
s-tal?ili.i;y of t h e  c.ut slope ( f i g ,  17) j.n Gems of' an.'ci.c,i.pated percen-tag? of 
ma,jor f'ni.l..u-c'c!;. 



'iJn:lt Desc:r:iption,rr oP Ccmlpon.it.i.on, Physi.ea1. Propcr.tl,es, 
n.nd Engineerlng Cl?a.w~aeter-f.st:i.cs of Earv.th Materials 

Abbs-eviations used: WS - weaf.;hering and  soil; XI - hardness; F -. fracture; 
B - bedding; PP := paraallel. pal-tfng;  P - per~neability; BC - bearing capacity; 
E:xp = exgaasivity; EXG - ex~;avatabilitj?; E'C - fill. ~karaeter~; CSS - c u t  slope 
stnb:i.:?.ity. 

Qa - Artificial fill 
Co~~iposit:l.on: Excavated and recompacted mater:!-al, In Steamboat Hills 
.--,*-- ,--.*--"--"- 

~ ~ ~ ~ p o s e d  0% unit pKm, inc1"uding disseminated sulfides; near Little 
Washoe Lake probably composed I.anngely of unit Tkb; a.long west side of 
Wa3hoc-s Lalte pra"n,k.bly composed of" granit-la sancl and rook, WS: None. 
PE.~ys%c:al. prc~~~c;rthe:a: 11: 'V;:ir$,lab:l.e, B: 'l:nci:!..st:knr~"c :horizontal. S.e.yert:l~ng, 
.-.,,- *----,.-"'".*~ -"-- ,"-*"="- ----*- 

1.arge:l.y rnccil.uaa in I;hic?knesa, f'j-om constrant:t;j.on of f:il.l, 
Enpj nesl-i.r?p character-isd:ic'!s: F :  Varai.,ak>3.es:. EXC : Can be trenc'rted , """."-J*.": .,-,... ",."" -,-,-,,- "A".-" ,,.- * --., *-~"...--." ---*-,- 

FCC:: In Steamboat H1.1.1.3 nr~'lf"J.des may' cause r-apiid brleakciown o f  roelz. 
Fragxnemf:.s in fP; I. 1, 
632;her grablems: Acl.d r?;ronr;a-iwatsr lilte1.y II? Steamboat F.15.l1s, ,*" **--%.,-*-""-~, 

Q f  c,- Flood deposit3 
Com~o::;~tion: Sand with variably abuncianf; gra'vel,  I>esul.ds~.s and si:lt, I n  

..",mv-""*. ,-----,..,v-,-. 

e;ir?yc-,ns contains many bou l .de r s ,   son^ as large ar3 5 m; be:io$-r moutE.1,~ OF 
. . canyons less kotalder*y, 9r1 places oua1.y sand, In Pleasa~t Val.ley abuntiant 

gl-a'vel. and b o u l d e r s ,  WS s None. 
Trh.ckncs~3: Pl'obab1.y 1-3 r n ,  

""" ,-., ".-*mM-..-""w"-" 

S:)hys:ical ~rope~*t:les r H: Sand s o f t  t o  1.009es CC)\DBI.~S ~nrld borrl.ders -""-.am.. * --.-.-. "-- ,,r"."-- --.. "-....r'.. 
'1 argePy hard,  B: SI-IP~(~ mf?(lj. i ir i to t k ~ I  CYC .i.n pI.aae8 :, :I.ar[4el:y tinbedded 
where large boulders ,  
Entp ineer.tr~& charbaeter3 :*ti 6 :  prol>l em3 i n  10080 snntl  , Exc: :;argcf elan bo "-"At.."-- * --*"- --." -.---,- *--- "--" -.-- 
t~enchcrtd wlth ~ass, Mocks may eatase dl f l "" icu l ty ,  bcauleleubs may rvcqraire 
ri-pp Lwrg or ov6-i.rexcnvat I oar. FC: Oversize fragm@nt,w, common 7 11 much OF 
ianit . 

Qdd - Deltaic deposits 
Com~osition : Sand, very Cine to very csa.rse gral.rred, some sf.Ll;y, WS : - --~" --..- 
0, 2 m posr1.y devel.ejped soi.:l., 
Physical, p . ~ o ~ r t i e s :  1 :  Sof t  to loosc?, B: B l . s t i n c t ,  px~ababl.y t h i n  to - n... .a- ..* -.-*" -...,,, "l.r-." ..xu."Fa -̂"*un 

thtck, r ~ s a r ' l y  k~or*izontaL, 
Engineerirlp eharacterBst;li.cs : P: Modextatc to h i ~ k n ,  BC: Ponsible 
,.--- -.-----, &?""." --.-,-- -" ---,----.-- 
problems. Exc: Can be tu6encl?ed w i t h  ease, 
Othen*jpoblems: High water* table, Qy'i - Youx1.g lantls:lida deposits, ~.---.-- 
Geoloir;icdHa.za,l-tlrs Map ( t h i s  fo3.i.o) st-iows some iandsl . i .de deposits not 
shnt~rr orx (;e01og:i..c Map . 
Csmwtion : Ilrrsor-Led tlebayiv c le r ived  fraorn rinderblyi.ng ot- nps:lope 
-,..-a- -"."--,---'-" 

materials, Character varies, WS: L i t t l e  soil, 
Ph&aEpra~ties : Variable, -.- - --"~- P 

, ~ - ~ g ~ & ~ & - ~ ~ ~ ~ a c " r ; ~ $ ~ ~ ~ c ~ :  P: Variabl.e, law to hfgh intergranul.ar 
and fracture pe~meabilit~y, BC: Possible problems in loose al- cracked 
material, Exc, : Variable. PC: Wariah.T.e, CSS: General..l.y very low, 
Other  Eoblcms: Poor slope s l ;ak~i . l . l ty ,  '.----"-.-" ""-.-*-.-* 



Qld - Lake tleposj.,l;s 
Corajosit:lonn : In te rbedded  c:l.aysy and sandy sedi-ment,  rrruch o f  each, 

--."w- --.-..---- 
Clayey sedi.ment is sri.1t.y and f i n e  sandy ~ l a y  t o  c : l - a y e ~  s i l t ,  i n c l u d e s  
huri .sd s01.1.s~ Sa.ndy sediment  r anges  f'rorn s i l t  t o  very  coarse sarxd and 
minor gravel . ,  most modera.f;e:l.y weEl s o r t e d  artd fkir"1.y c l e a n ,  Well l o g s  
show large1.y sand and c l a y  (2/3 s a n d  t o  2 / 3  c:l..ny), nninsr g r a v e l ,  WS: 
L i t t l e ,  
Tl~ickr tess :  Up t o  abou t  10 m ;  l.arge2.y rmndcrl.ain by o l d  Lake d e p o s i t s  -.-.----- 
c o n s i s t i n g  of stfl1:i.l.a~ mal;er1ials Ira si.rnl.Par p ~ o p o r t i o n s ,  
Phxsi .ca l  -"-m---ws p r a E a t i e s :  --- ,..-~-.- PI: Sandy sediment  l a r g e l y  s o f t  t o  l o o s e ,  some 
approaches  firm; c l a y e y  sediment s o f t  when wet,  fLrm when d ry .  F t  
Clays  cpacked when d r y ,  B: D i s t i n c t ,  t h i n  t o  t h i c k ,  near ly  h o r i z o n t a l .  
En ineerin&~bgr&ct$-!$~g: P: Clayey s e d i m e n t s  low t o  very  low, --& --,-*- "- 

sandy secf:l.ments rnoderate t o  h:l.gh, BC:: P o s s i b l e  pr90bl.erns rbn n m s t  of  
u n i t ,  Exp: Sandy sediment  unexpansive;  much c l a y e y  sedfment 
nnexpansive  , much a3.gnif l.c:antly e x p a n s i v e ,  some severrl,y e x p a r ~ s i v e ,  
Exe: Can be t r e n c h e d ,  3t:'l.ck-y c l a y  :and hilz,h w a t e r  Z;abl.e may cause  
d i f f i c u l t y .  FC: Much c l a y e y  f i l l ,  h i g h l y  pl-astic c l a y e y  f i 1 . l  i n  
pl .aces,  
O t h e ~  $rasblems : Hiah wai;er t a b l e ,  --. --"--.~----- 

Qws - Wi.ndblomi sand;  Qwd - Dunes, 
s i t l . s n z  Clean s a n d ,  wel.1 t o  xnoderately s o r t e d ,  f i ne -  t o  c o a r s e -  *---.-- 

grai.ncd. WS: No so.i.l., 
Thickness :  Qws from l e n s  than  1 rn t o  a b o u t  6 rn; I&d t o  ahou,t 10 m, 
~ ~ & e ~ - - p ' ? ~ ~ & ~ g :  H: Ltsose. B: Large ly  I .ndi .st izlct .  
En~in$eringcharaeteristias: P: L a r g e l y  h i g h ,  RC: P o s s i b l e  -- ----.----,*~-"--*--"- 

problems. Exc: Can be t renched w i t h  ease, CSS: High, 
Other  Ebl.crns : Hi..@ water table i n  much o f  Qwd. Dunes may s h l . f t .  
e""--".,--- 

Qsu -- Sand, unndiffererl t ia ' ted.  
Com~?sl . t ion:  Lat*b;felj~ sand ,  f:l.ns- t o  v e r y  coarse--grBained,  ranges p o o r l y  --. 
t o  we3.l s o ~ t e d ,  much modeu'ately t o  w e l l  s o r t e d ;  m~mch c l e a n ,  much s$Ll;y, 
most has  s c a t t e r e d  pebb les  and  c o b b l e s  a s  l a r g e  as 20 cm, Clayey,  s i l t y  
sand i .n Hew Washoe Cl.W a l o n g  1,akeside Drive  between @lapic and Douglas 
Dr ives  and sout,!? 04.1 New Washoe C i t y  a v e r  t ~ r r i t  Qo1.d. Well. l o g s  show 
1arp;el.y sand with solr~s c l a y ,  gravel-sand boul.ders, S Some o r g a n i c  
erzrichment in upper 0 - 5  m e  
Thickness :  Most,l.y 1-3 n n ,  up t o  '10 rn; 0,2-1 m, nsore o r  l e a s  c?ont:inraous, 

.----.vw*--*- 

where shown as p a t t e r n  overn o t h e r  u n i t s  on Geo.lsglc Map. 
T J h ~ ~ ~ ~ ~ ~ ~ . e ~ f i & ~ . :  1 Loose "C s o f t ,  Bt; I.,argely i n d l s t i n r : t ,  -- 
Et~p?  n e e r i n g  c I~arae te r* :Es tS .w P: Much sand moderrxte, much h i g h ,  --4..:, --.-,.--.= &.--".-" --*, ~ --..-- ".." -..,.-*--.-,-.. 
p o s s i b l y  low i n  clayey sand n e a r  New Washoe C i t y ;  c l a y  r e p o s t e d  i n  w e l l s  
probably  l ow t c r  very  :l.sw* BC: Z'osslble probl.ems I.n l.ocrse sarztlt, Exp: 
Large ly  unexpansive ,  same c l a y e y  sand s i g n i f i c a n t l y  expans:!.ve, Exc: 
Can be tvsutched wi th  e a s e .  FCr General.3.y no c1.ayc.y f : t l l  or" over%size  
f'ragment:g. 

: H1.gh wa te r  t a b l e  i n  sorne p l a c e s .  

Qfg - A l l u v i a l  f a n s  or g r a n o d l o r i t i c  sand ,  
: Lar*geLy gr$anodj.or*itg.c sarkd, mediunl-+ Lo w a v y  coarse-.  

grai.ned, micaceoms, moderatt?l.y t o  w e l l  s o r t e d ,  most sorrsewhat s:l.lty, some 
@Lean, some c l a y e y .  I n c l u d e s  gwba.vel w i t h  boul-ders toward margin o f  
b:rs.l.n, f i.nerl set l iments ( t o  saxlrly sl.3. ts  ) toward c e n t e r  of  b a s i n .  Y.,oeal 
c l a y e y  bur ied  s o i l ,  Well Logs show mos t ly  sand w t t h  40$ o r  mare c l a y  



l a y e r s ,  some b o u l d e r s  and gravel . ,  WS: Much o f  upper 2 m r i c h  i.u~ 
o r g a n i c  rnaterni.al., heneath  wFaic>l\ much materj.a:l. I.rort.-sf,%i.ned and c 3 . a ~ -  
c o a t e d  t o  n e a r l y  c logged.  
Thickness :  Prohabl.:y up t t r  10 rn. ---" ..,.-.-- "-." .-.,- "-- 
Phys'ical. p~o_l?e~-.tl.es : Hfl.,argc?l.gr : toft ,  some e la .yey sand fl.run when 
-.-",.-"" ---.-- -" -" --...,-"-a*- 

d r y .  B: Mostly i n d i s t i . n c t ,  aorrre d i s t i . n c t ,  rnos"l;ear?:ly hornizontal . ,  
Well l o g s  show c l a y e y  l a y e r s  up t o  3 m t h i c k ,  sand Layers up t o  25 m 
t h i c k ,  
E &  : 9" : Large ly  mode r a t e  t o  h.i.gh, some Low, 
l o c a l  v e r y  Zol~. BC: I)ossi .ble problems 1.n o r g a n l c - r i c h  sand and 3.n 
s a t u r a t e d  f i n e  sand near Washoe Laka, Exp: L a r g e l y  unexpans ive ,  l o c a l  
e:l.ay :l.ayers ma![ be expa.rr.r;l.ve. Exc: Can be d r e n e l ~ e d  wi th  e a s e ,  PC: 
M1.170~ l .oea l  claye:y Ti. l l  , o v e r s l  ze f ragments  I.oc?alJ..y neat- ba.sira margl.n, 
Other  problems: High w a t w  t a b l e  i.n most of" ~ r n f t ,  

------, ."--av-,--,- 

Q f s  - A l l u v i a l  f a n s  o f  v e r y  f i n e -  t o  coarse -g ra ined  sand  
C o m ~ s f t i o n :  Q t ~ a r t z - r . i e h  s i l t y  s a n d ,  Large ly  medium-g~ainaed, rarrging ".--. .----. 
very  f i n e -  t o  ve ry  coarse.-grairred;  ntxmerous p e b b l e s  up t o  0.5 era a c r o s s ,  
cobb les  :I.ocall.y a s  l..araf;e a.s "I0 em, i n c r e a s i n g  in skze and abundance 
ups lope ,  Sand Largely  moderate ly  s o r t e d ,  r a n g i n g  poor ly  t o  wel,l s o r t e d ;  
cornt,arI.ns many p a r  tla1.l.y r*ornrnded windblowra grsain:: . US: Sol.1 lam*l;.;el.y 
a b s e n b  loca l l -y  some c l a y  c o a t i n g  :P.n upper  0 - 5  m a  
Thickness :  Probably  up t o  10 m, ---...-- ---. 
-"h s i c a l j r o y ~ : r ~ t $ ~ ~ s  :: H: 1,oose t o  s o r t ,  nr iJnt*ge1y n d i s t i n c t  , near1 y L.-Y-."-- -- --- ----, 
hou*izoratak, 
E n g l n e e r i x  c h a r a c t e r a i s t i c s  : P: Most rnuderate t o  h i g h ,  n e a r  s u r f a c e  
..."4-- --., $2. 

sonre low due t o  c l a y  coat:i.ngs, RC: Possri-ble problems i n  I.oose sand.  
Exc: Can be t r enched  w%.tkz e a s e *  Qfsb -- A1.luvial f a n s  i n  Pleasant 
Val.l.ey 

Qfsb -. A:ll.uvial, f a n s  in P1,c:asant Yia1l.e~ 
Csrspo,.la'i"r,ia3n:: I.,rrlrgely gravc~sl., w t t b  some sand t h a t  increaf38s i n  
--" wm-"--s.-",* 

p r o p o r t i o n  toward e a s t  s i d e  of va l l - sy ,  and  5 1 0 %  l e n s e s  o f  w e l i  s o r t e d ,  
d ia t l .unct ly  bedded sand ,  trxffaesou:; m n d ,  and a s h ,  Gravel. l a r g e l y  
cl.oss3.g packed,  well-rounded rieP,bles, c o b b l e s ,  and some bouldcl-s , i n  
m a t r f x  of" well t o  moderate ly  s o r t e d  fine- t o  v e r y  coarse -g ra ined  sand .  
Sand Fl.ne- t o  coarse -g ra ined ,  poor:i.y t o  w e l l  s o r t e d ,  mi-dc?b pebbly o r  
cabbly . E.,enses o f  cl .ean,  well.-sorted f .%new t o  ve ry  coarse-gt".aj.rled sand 
and fl.ne.-. t o  v e r y  f ine-0;raincd tu f faceoms  sand and a s h  are  al .osely 
aasocJ .a ted  with t h i n  c l a y  l a y e r s ,  We3,:I. l o g s  show about ecyually aburrdarlt 
sand ,  c l a y ,  and g r a v e l  i.nelrxding boul .ders ;  some c l a y  wi.tl'lin 3 m o f  
swr*P,-ac@. WS:: Cl.ay c o a t l n g a  i r r  u p p e r  3 m e  %argel,y varl.ab1.y rocky,  s i l t y  
sand s o i l ;  some c l a y e y ,  s i l t y  sand s o i l ,  to  1 m o r  more t h i c k ;  some 
well-developed wi th  cal.i.che, some p o o r l y  developed,  I,oca:t, b u r i e d  s o i l s ,  
Thfekness :  To g r e a t e r  than  40 m, 
-----.-----, 

PPnysica3. po_aerties: W :  Sand m a t r i x  i n  g r a v e l s  l a r g e l y  s o f t ,  some f i r m  
*-,-. ---."---~--.. - ".-.- -<-.- 

from cl.ay and i ~ o n  ceenenta"c.i.on; c l . a s t s  Ixax'd. B: Absent ~X I  I n d i s t i r i c t  
i n  much graveJ..  We3.1.-sort;ed sand and Eji.ne a s h  f'orxa d i s t i n o t  lerhtictxl.arq 
medl.lam t o  t.h:l.c:itc beds;  a s s o c i a t e d  c lay  l a y e r s  thin t o  very t h i n ,  
d i s t - l n c t ,  Wel.1. l o a s  show cl.ayey fnt ,erval .s  co rnon ly  t o  3 m t h i c k ;  wand 
and g r a v e l  i r i t e r v a l s  very  th:l.clc ( t o  10 m), 
En 93 n e e r i & ~ ~ 8 ~ ~ ~ ~ s t i ~ ~ :  P f f*arge:l.y rnoder?ate, mu.& h igh;  s a i l  
" -.-. b?---..- 
l a r g e l y  moderate ,  some h i g h ,  RC: Poss1bl.e problems i n  l o o s e  s a n d ,  
s a t u r a t e d  fine sand ,  ancl cZay, Ex:cr Can be trenchecf, much w i t h  
d i l " f ic la l ty  d ~ i e  t o  cobb les  and bowl.cler-.s. FC: Common oversj .ze f ragments ,  
posslb3.y cl.ayey fi.l.1.. 



O.l;).~er prohl.ams: Fi:i~l;h watera table :in rnzncrkx of un:i"c AJ.luvia1. fans uf tlx 
*--"-'-*--.",----" ,".-*- 

brsul.dc+rs, 

Qfb .- .AI.L~x~rial fans with bou3.der-s 
Coz>os:i.tion: Vari.ably aburldant amgul.awn to roz,~nded pebbles to bo~.xl.ders ---- -""-."*--.- 
i n ~  dorninant rnatr:ix of sand, some clayey. Botxl.del-s minor near Jun~bo 
Creek, more abundant and larp;e to very Larbge ( t o  3-5 wt) near Pl.easant 
"\T:l.l.sy and Washoe City; clasts both scattered :In matrix and packer1 .tn 
gravel. I.erasera, M8,trj.x i.s fine- tea eoar*se--grad.nt;cl sand, poaz-1.y Lo wel.,l 
sorated, w i t h  some sj.l"i;arld cl.a.:y, Urt4.t !nay inel.utle cl.ay or stzndy c lay ;  
near J~~mbo Creek we3.L Logs sraggest sand and c l a y  within J m of? su~faee, 
over:l.ying gravel, sand and e:l.ay, WS: Near Jumbo Creek some knatr-1.x 
clay-coat;cd, rare].![ clogged ; nea.r Pleasant Val.l.ey ant? Waslnoe Cl.t;y much 
cl.ay.-coatc?d, some cl.opr;ged ; clay ccrat:l.ngs cilecrease below about 3 m, Near 
Jumbo Creek little :mil. devel.opment; near Pleasant Valley and Washoe 
City much s i l t y  sand sofl, much sandy clay, a1.P var*l.ably pocky, 
Il'hfci.tness: To more tl1n.n 80 rn :irn Piea.swnt V a l l e y ;  to more than 20 m near3 
----*-,""..- --,.-- 
Mashoe city, 
= r ~ ,  J.1: Ma t r i x  largely soft, same firm, cl.asl;s hard to 
f"j.rrn. R:  1,argel.y Ir.;r~ticul.ar anti . t n d i . s t i r r e b  ssclrne d-lstinet, thin to 
very thfck (to more than 2 m) ,, 
Ea3l.raeerf np cl?;aracter:i.sti.cs : P: Near J'ur~rbo Creek most of un:l.t n~oderate ""- k -""--.".-. &~"-&L-" ---.--- "," ---.- 
to high, some low; near Pleasant Valley and Washoe City most of unit 
made~ate, some h i g h ,  same :].ow to ver:y I.ow, Exp: Fan material l3rgel.y 
uriexp;znsive, may be si$r;nir~~car1~t1,.y expt~nsi've i n ,  places; much soil riear 
;PJ.easan~"r,Val.l.ey s:l.gnificant:f_:y expansj.ve, Exc :: Carl be trerniched , some 
with difff cuLty where boulders coITjmon; some very large boulders may 
require blasting or special handling, FC: Oversize fragments and 
clayey f1.3.L in some pn.aces, espc?ci.alll.y near Pl.easant Valley and Washotr 
city, 

Qt .- Talus 
Cein~~osi."ci.on: Ar~gular piece:> of I.oc?al bedpock r;inh?;ing f"r*crrn sand-s3.,ze t o  .--.- ,,",.-.m".-.---w,"m 

vesy l.ar*ge blocks; la?-gely medl.i.nm to I.arge bloeilcc! in Steamboat Hil.l.s, 
small to vepy large blocks in abundant silty granodisritic sand on Slide 
Mourrtaixl. 3 : None. 
f)khy3ical pswgerties: H: Locsse cleposi t  of genera1.l.y hard p:i.eees,, B: ---. .,,* ---*.--- .--"- -,-.-.*--.-*-m, 

l3robabl.y crude, paraI.Lel. to ground surufacre, 
Fnwineer-1117 cbnparteristics : P: High. RC: Possible probleans, Exc r -.!A.L~-.~.--AL:~L --*- "La -.*---- 

Can be trenched, or ripped where Large blocks, but excavation dangerous 
because of steep sl.opes and ira$$tab:llj.ty ot' dapos%.ts, FC: OvexVs:f.ze 
Pragmerrts in much. C:SS: ili.gh 3.n sdandarvd c>ut slope, but verYy ].ow i.n 
steep slopes exlsting on these deposits, 
Other rvwblerns: 8ocurnul.atj.on by rockfa1.l f porn steep slopes above; nrucl? 
,~ --..--.- 2.; -----,..-*. ".-"-" 
creeps down:>l.ope, Any exoavaf;.f.on car1 caause r ap id  faill,ar9e up ~ r l d  down 
sl.ope, 

Qba - Basin alluvium 
Co~n~osit Zon* Internbedded sand, silt , and  ravel, local clayey , .  .""~"III.IA~ 
:F.r-a"cer*beds, Smal.3. depos:i.ts over unit Kg in Carssrl Rmge lat-ge1.y daarae- 
81-ained grbax~.ot2rioritlc sand. Basirxs 011 or cIowi?s:l.ope of Kate Peak 
For-nraaticsn probably cctnta2.n much clay and ~1:i.t~ Basins on and downslope 
o f  g:l,ac:i.al. morhaines or debris fl.caw deposi.9;~ proilablly eontal.~a abundant 
sil.t, I.,arge clepos:lt i n  I',l.ttl.e Va.:lLey consi.sts of surqf"lcial layer* about 
3 nr thj.c?kc of fin<.! to coarse sand interbedded with silt an.d pebble to 



c o b b l e  g r a v e l ,  overlying red-orange sand and f n t e r b e d d e d  g r a v e l ;  c l a y e y  
l a k e  d e p o s i t s  poss-i.ble LocaZly, 1 :  P'iost so2l.s p o o r l y  developed,  
sandy,  
ThicXcrzess r Mapped where wore tkian abou t  3 m, Reaches 15 rn i.n E,l.t"ie 
" ,.-'~ ---- ---- 
Val.ley, 
P h y s i c a l  p p o p e r b t i e s :  IT: La.rge3.y s o f t ,  p e b b l e s  and c o b b l e s  h a r d ,  x-ed-- 

" .,--.--- -.-- ---- " -,....- ---- 
orange t1opos l . t~  i .n I . , l t t l .e  VaS.ley may approach f i r m ,  B: Generally 
distixzt:t,  ve ry  thir l  t o  t h i ( > k t  some ind id t l , . nc t  bed3 v e r y  t h i c k ;  near:l.y 
h o r i z o n t a l ,  
Eng:Eneeraing c h a r a c t e r i s t i c s :  P: 14arge3.y !noderake t o  h i g h  w i t h  low 
--~.,-."."---,.,., ..--. -.----?".----"- -..-" 
i n t e r b e d s  in pl.aces,  rnucl? l o w  and possib1.y vetag low over1 Kate Peak 
Forlnation;  s o i l  s i m i l a r ,  DC: Loose o r g a n i c  sand may cause problems, 
Exp: Large ly  unexpansive ,  p o s s i b l y  expansave i n  d e p o s i t s  over  Kate Peak 
Format:i..on Ercc: Can be trenckred w f t h  e a s e ,  FC: $,ocaI. c l a y e y  f i l l  and 
o,veu3sia,e frbagments. CSS: La~geLy higlz, p o s s f b l y  moderate i r t  d e y o s l t s  
over Kate Peak Formation.  

Qs - Sl..ope d e p o s i t s  
C o z o s i t i . o n :  Angular rock  r t lbb le ,   and, silt and c l a y ,  g e n e r a l l y  p o o r l y  
-" -----."- 
s o r t e t i ,  b locks  zlfs t o  l a r g e ,  some p o s s i b l y  very lat 'ge,  I n  places 
:I.n@ Judes  P;a1,1.,1s as descr:i.bed far  u n i t  Cat,, WS : G e n e r a l l y  p o o r l y  
developed,  va r i ab2y  rocky,  sandy s o i l :  on g e n t l e  s l o p e s ,  as n e a r  Washoe 
Cl.ty, sandy c l a y  soil. more "clan 7 rn t h i c k ,  
Thickness :  Probably  rrp t o  10 n ,  ---,-"--".- 
P h y s i c a l  ~ o p e r t i e s  t W :  Earlgel.y s o f t  w i t h  hand b l o c k s ,  B: (;er~erally . * 

a b s e n t ,  some indistinct beds up t o  ve ry  t h i c k .  
Eng ineer tnp  c h a r a c t e r i s t i c s :  P: Probably  l a r a e l y  rfloderate t o  h i g h ;  --* .--- ---".-d" ------.-,,,-----" 

sori.1 n e a r  Mashoe C i t y  .T.arbgely low, BC: Possib3.e problerns in s o i l  n e a r  
Washoe C i t y .  Exp: Large ly  unexpansive;  i n  p l a c e s ,  as n e a r  Washoe C i t y ,  
s o l . l  may be s ignif f .eant l .y  expans ive .  Exc: Mast can he t r e n c h e d ,  b locks  
map cause  difS%en:l . ty,  FC: Local oversi.z@ fragnnen"c; and c l a y e y  f i l l . .  
CSS: High i.n stantIarrS. c~.aF; s l o p e ,  bu t  sbeepneas  of* d e p o s i t s  comic?n?Sy 
r e q t ~ i r e s  c u t s  s t e e p e r  t h a n  2:1, which are grrobably o f  >.ow s t a b i l T t y ,  
Other ,robl.euns: RockE.'all. f ran above i n  p l a c e s ,  _..---,..-- L ---.. "--~"--, 

id38 -9 9 -Qsdu - Debr i s  F low  d e p o s i t s  of' S l i d e  Mountain, 
Connpositl.orra Poor.l.y ~ o r t e d  nnixtmrve of vnr*:i.abl.:y. abundarit gr*anodiorb-ite 
-"-.-"-,---.--". 

b l a c k s  1a.p to I.armge, some up t o  rl m, suspended i n  poor ly  s o r t e d ,  a n g u l a r ,  
s i l t y  sand ,  genera:l.l.y w i t h  minor c l ay ,  Blocks comon^l.y c o n s t i t u t e  18- 
50% of mate rVia i  ( l o c a l l y  t o  75%). I n  B p h i r  Canyon, z e o l i t e  ( s t i l b i t e )  
veJ.ns cud the  d e p o s i t s ,  and b l o c k s  art?: local.1.y a l t e r e d  t o  and coa ted  
w i t h  zeol . i tea;  al.teu'at:i.an s o f t e n s  some bl.ocks, MS: Qsd I.argely 
coatecl with cI.ay and :iron ox:i.de t o  deeper  than  3 m; most b locks  on 
s u r f a c e  rounded,  most bl.ocks beneath  su.ri"aee sof ter red t o  deeper  than  7 
m. Q S ~ % ~ . - , ~  general.1.y I.a.ck stai .ni .ng a.nA c1.ay cnatinps;, though present  i n  
p l a c e s  t o  a t  l e a s t  2 m deep;  many b locks  on sur-face a n g u l a r ,  many t o  
most beneath  s u r f a c e  h a r d ,  I n  genera2  yorlnger d e p o s i t s  show more 
atagular and harder bl.ocks, So-i.1 v a r i a b l y  rocky ,  somewhat cot~einernl s i l t y  
sand ,  Less than  0.7 m l:h:iclt on Qsd2-(3 arid Qsdu t o  ('1 ,>7 m thltsk on ..Qsd., . 
Thickness :  Up tu a t  least 60 rn, 
-7- 

a  H: Large3.y s o f t ,  some approach ing  f i rm,  b locks  
hard  t o  I"i.rm, B: Crracle,  :i.ntYlstirrct .th:Eek t o  very tElxi,ek ( t o  a t  l e a s t  25 
rn) I -ayers  of  blocky and Less blocky d e b r i s ,  
' n a i n e e r i x  c h a r a c t e r i s t f c s :  P: G e n e r a l l y  modera te ,  some l o w  in s i l t y  2 . . . .  -----..--.--.---..---,.-,m,,.--.. 

a.nd i l l2 ayey materqlal, . Exp: I.,,"rrgc J.,y tnnex.pans:!.ve, local  c l a y e y  sil. t y  sand 



may be signifiaarxt: ' iy expans ive .  Exe: Much can be t r enched  wi th  ease, 
hard bl.ocks mag cause d i l " r i c u l . t y ;  ve ry  I.arge b l o c k s  may rbequire  b l a s t i n g  
or s p e c i a l  hand l ing .  FC: Common uvers:ize fraginsxxts. 

Qsde-- @oaf-ae d e p o s i t s  of  Sl.J.tle Mountain d e b r i s  f lows  
Com~osl.t:i.on: Ang1rl.a~ b l o c k s  o f  ~t;u*;?nodFori.l;e up t o  6 rn a c r o a s ,  no 
--d*.----" ,.--- ",""-- 

rna.trix, US: None, 
Thickness :  3 m t o  p robab ly  15 m or mare. 
~-*'.---'-"-**,,*,* 

Phy s . i c a : l , , ~ e ? . o ~ e r t i e s :  H: &,oos@ c'keposi.2; of  ha rd  b:l.oaks, 
"%-*" *wm.-v.w. ~- ",-",, -.---- 
Et?&inecr i~p  c h a r o a c t e r l . s t i c s :  P: H i & ,  t o  moderate  i f  ma9;rix p ~ e s e n t  a t  
*-, --.-"L--AL'---- 
d e p t h ,  Exc: Requires  blasting where b locks  too  large  t o  move whole. 
FC: EntireLy a v e r s i z e  f r a ~ x n e n t n ,  

Qsdb - SklatterecX grarxodl.orblte 3.n s l i d e  bl.ock a t  foo t  uE S:lic"i Mountain s c a ~ .  
Comn~osi.tiorl: Cr9anodi.write si. .milar t o  hi$qlnl.,y f'r;act;urzed Kg b ~ r t  soragwhat 

"-<--" ,"...-~"----~."-- 
mare c l o s e l y  fr;xctureci and f r a c t u r e s  mope open (due t c ~  jos t l . ing  oot" mass 
3.n sJ..i.de movement) . WS: 1 , i t t l . e  soj.:b, 
Thickness :  Up t o  g r e a t e r  Ghan '130 rn. 

.,,e-mb"."m*".-mw 

P Q s i e a l ~ r * c ~ c ? r t i e s  : K: Fririrn kcs hard.  F: 1,ar-geEy cltnso t a  moderate ,  -- " ---- -- --",.- 
some wide. 
E n . ~ ~ i . n e e u ~ e P t a r a ~ : ~ G e ~ f s t ~ i e ~ s :  I?: Modern.tce t o  h.igl.r f"ractlxre2 p c ? r a m ~ ~ r ~ h ~ . l i t y  
i" __̂ -,, I--- -*----,*m-,"v-"----."--,,-.,m- 

t o  bass of  depo3i. t-  Exp: targely unexpansive ,  b u h c l a y  gouge and 
crushed material al.ona f ~ a c t u r e s  may be sig~if"ieanl;Ly expans ive  i n  
p l a c e s .  E:xc: F/I!.~eln car) be tlRenehed wi.th d.f.l""f"i.culty, 8,l.naost al.1 can be 
r i p p e d .  FC: Con~mon o v e r s i z e  fr.agmen.2;~~ 

Qgm, -1, Qgmri~ - Glacia l .  mol-a,j.ne 
Composit:ion: Angularb t o  rounded bl.oc?ks, gener*al.l.y medl.um t o  '1-3 rn b u t  --.-"" 
some up tc:, larger "t;harr 4 13, suspended i.n {:c?I?BY"R~.~Y p o o ~ % y  ;~sor ted ,  
prsuni.ne~ztl.y s i l t y  sand nra"f;r:i.x, cjommonl.y wI.tZ'1 c l a y  sufPioi.erz.2; t o  make i.t 
n e a r l y  ~'~YYII  whexl, dray, I n  places n z a t r i . ~  incl.%xdes much clean,  posr3.y 
s o r t e d ,  f i n e -  t o  coarse-t2;n*ain& ~ a n c l ,  Blocks scattered to cXo:mLy 
pa.cked. WS: I n  Bgrril manst t,url.ed gr*an:it:I.c! bou.'idera soft 2;o fl.rm, 
surface gr*an:l"r;ib bgznLde~;? feca and rounded,  I n  Q ~ r r n ~  tl most bur ied  
gran1. t ic  b o u l d e r s  h a r d ,  slnrfaee bouf.derVs r e L a t % . ~ e l . $ ~ - ~ l e r l t i ~ u ~  nncl 
h a r d .  Mznc?h of Qgml i r w n  s ta ineci  and c l a y  coated t o  deeper  than 6 m; 
some s o i l  development t o  2 m, Qgm -4 show l i t t l e  s t a i n i n g ;  some s o i l  
development to 1 m on Qgmlp oriiy s!?i.gl~.l; d,evelopment on Q ~ I o ~ _ ~  S o i l s  
varia1~:I.y rocky, poorly sopt;ed s i l t y  sand mrl.th wainor cl.ay,, 
Trh-iekness: Up kc.:, 25: m or rnorae. .~---.,.,--.,- 
P h ~ s j . c a l ,  grop(?raties : TI: Mat r ix  S O ? ~ ,  approach1 ng firm where d r y ,  ---"". " ,--.*" *---., - . m a  ----.,**, ","- 

b3..ocks lla~lcl t o  s c r f t ,  B: !,arBgely absen t ,  t r lsan sand irr~f-?e~;ul .ar~ly 
d i s t r i b u t e d ,  
Enpjneerl.n~;r. t ~ r a c t e r l . s t i c , ~ :  P: Qgml g e n e ~ a l l y  L o w ,  3ome moclerate tr:, 
--,* A2 .-.-- ---. A."-*Lk .,,.--- "~ ,--,,--.---* ----- 
h:i.gh in c:leane+r sands ;  Q a ~ r n ~ - ~ ,  lar*gal.y ~ . O W  t o  modera.te, some h igh ,  
S u r f " i c i a l  mant le  pr90bahly Largely  moderate,  Exc: I V ; I J C ~  can be Crernched 
wi.th e a s e ,  especi.al.1.y Qgm ., much wi th  d i.f'f icul"r,y, eapec?~.ally QgrnZe4; 
werby large bl.ooka may rmequiire b l m t i n g  o r  spec ia l .  h a n d l i n g ,  C Commor'z 
o v e r s i z e  fragments, especially i n  Ogm 2-tl" 

Qgn2-11 Qgou -. GlacS.ai omt;wash, 
Composit ion:  Large ly  g r a v e l  o f  rounded t o  a n g u l a r  g r a n i t i c  b locks ,  most ---- -'.--- 
bl.or:ks medi.um t o  1 ,3  m b u t  some a s  I.arge as m in Qgo2 and Qgou, in 
nrat~:i.~r o f  poor ly  t t r  w e l l  s o r t e d ,  fl.rre- tts arcx8y coarsc?.-.p;ra:i~r~c~d sand ,  
l.arge:ly c l e a n ,  some sl.l.ty, Blocks cI.o981,y packed t o  suspended i r a  



matrix. Some beds of sand without blocks, WS: Most blocks on ground 
,su~faee hard, but some to almost a.lE gra.nitic bloclss beneath grnol.nnd 
surrace firm to soft, Some Qgou iron stained and clay coated, ,Po:Pls up 
to 1 rn th1c.k; variabl-gr rocky, sll.ty t,o sl.ightly clayey sand, some clayey 
subsoire 
Thfckness: Qgo2 shout 5-7 mn; Qgoll arid Qgou wp t o  15 rn orn more, --,--.---- - sieal. pr0~rtii.e~: 1-1: Matrix 'Largely SO~?@* ~ n t i ~ ° h  approach3.ng Loose, m * a ~  ,.---- -., ----.-- 
some Ogou approaching firm; b3.ock.s commonly hard near ground aurvfa@e, 
soft t o  ha rd  beneath, R: Most :i.ndl.:sk:lnct;, mediuurl to very thick, 

characteristics : P I  la4odesate to h:l.gh, probably mostly 
--w---,*-*-.--",~." ---. 

high  i; sul-f ieial ma~?CPe "1.arpqel.g~ rnoderhat.e, some subsoil low, Exc: Some 
car) be trenched with ease, much wLth dlfl.'ic~x:lty, Cowmot? large hard 
'nI.ock~! may require bl.a.s&ing or special. hand:I.l.x~g, FCr Common oversize 
 fragment,^. 

Qows .-- 0l.d wlndblerwn sand 
Coposi.tlon : Clean sand, metiiual- to coarse-grained , ilroderately well to -. -".,----"-,- 

well sorted, with films OF i ron ox:l.cT.e and c i a y ,  Incl.udes scatterwi 
y~el.,bl.es and cobb1.e~ as I.ar'gs as 40 em, WSt SEl.ght evlrichtnevxi; of silt 
and organics in upper 2 m, 
Thickness: Up to 10 m or  more. --.----,.-- 
Phpsieal ~ ~ o ~ e r t i e s :  H: Sofi;, aaear:t:f Tf.oo:se ,' 

,-m "----, -, -" --.--*-- 
, g ~ . g ~ ~ ~ ~ ~ g  --~,-.-~*..~s-..--.-.---- char.*acterl.stic: I?: II1,gh. E X ~ :  Can bi? trvenched with 
ease, 

Qod - Old sand dunes ( ? I  
Compoal.tion: Bark, firne-- to coar9se.-grained sand, fair1.y wa:i.l. sorted, 
-,,,- ----a- 

locally with up to QO$ oP grains completely altered to clay. WS: 
Organlc-rich sandy soil at Least I 0  crn thfck, 
'I"h3.ckness: CPccura as hummoclss "in to about 5 an h i g h ,  
--,,--,-"~-"-- 

Physicam~er"c.es : H: Soft. R: Some ir:d:i.stinct thin to med:inn~ - --- b..'.----- 

beds, 
Eal.neering characteristf cs : P: IvIodsr%ate to Izl..g&t, BC: Possible --. ---- -,--.---.-------- "- 

problems, Exe: Can be trenched wlth ease, PC: Local clayey PII'L, 
Other jrobl.ems: High water table, Q~zt -.- Sj.l..:Lceous sinter and 
-,.",--,-".-. -.--- - 
travertine 
Composition: CI.lal.@~dnnie and oj.ial.ine: sS.nter ( ~ : 1 . 4 > ; , f  ;.and t r avs r t . .ns  

#.7-,w""-, -...------"- 
! CaC03), as c~usts or re@acem"?rtt rnaszes /pi ol;hc?r~-milte~ia3.s~ $13 :: Wone, 
Thickness: Up to 1 rn, 

m--..,-,,---*.-m-m 

Physical Eo~er"t.es : H: Fla~cJ.. E;": Common2.y mocEeratc? to wide, kanging 
..-".'.L,""" ..-.- - -- 
cl,ose to very wide, R:  Most ].ayered "c*'nJ.ra to med$.um, PP: Close t o  
moderate along :I.ayer7%ng 1.n s i n t e r ,  
En~ineering clzar*acteristics: P: Low to very. Low fracttlre 
.I-_ .-<__-I_.- ___-,--.- ~---" ----.-- 
perrneabl.l.l.ty. E X ~  : Most <?an be .l;rc?nehed w:i.th d.l.f"f l.cu1 by', some may 
requj.i"e ripping, FC: Coimolil O V F - ! P ~ ~ . Z ~  Cr>i~gment:~~, 

Qo:l -- 0l.d l.andsli.de cleposr'. ts ,* 
Composition: Near Pl.ea.sant Val.ley, breccPa,ted, stneared arzcl. weathered 
KLetc! and ~~hyl.l:f:P;e ( ~ r R m 1  with much :3aaidy and si3. t ;~ clay, 1x1 Carson 
Range, large:ly gr*aniti c r u b b l e ,  f,dS : Near Pl.easant Vrallc;y, iup to at 
least 6 m of? clayey wc5athered rnatt?ralal. .w:i.th blocIts o f  har4 rack, 
aver3.ain by 0 ,3  to 0," rm variably rbocrky brown cl.ayey to silty soil., 
Thickness: Up to at least 40 m. 

.-"m".-."-.,-u--- 

PQsical p~:s>erties : Var-i able,, :in Car-son Ra;nt;r;e, cornnrnorzly bloclts of - ------"" .- ----. ". 
hard rocLc i.n soft or :?i.rm n~atrlx, 



E n g i n e a r : i x  c h a r a c t e r i s t i  c s  : P: Ln Carson Range?, g e n e r a l l y  hib<h t o  
.--,, -.--". ---d--=.-<*.--*."~-".-.""- 

 noder rate int,er*graalulal- permeah.i.lil;y; n e a r  Plexsaazt V a l l e y ,  pr'obably 
SargeXy moderate fractuz*e p e r m e a b i l i t y  t o  base of d e p o s i t ,  much low t o  
very  l o w  permeabi . l i  t y  i n  soi.1 and c l a y e y  weathered mate r l . a l ,  RC: 
Pos:ii.bl.e p~ob l , ems  i n  s o i l  and c l a y e y  weatheretl  m t ~ t e r i a l .  ner-ar Pl.easan*l; 
Val ley .  Cxp: Near Pl.easa.n'c. Val.ley, Large ly  unexpansl.ve, some s o i l  and 
c l a y e y  weatherec! nnateria"r nmay be s i g n i f  icant1.y expans ive  l; 3.n Carson 
Range, unexpansive ,  Exc: Most can be t renched,  some may requ9.r9e 
ubipping, l .arge bl.ocks in Ga.r9sorx Range; ma.y reqt.i:!.re bl.as.ti.ng o r  specr?l.al. 
k~;lndll.atg. 1 '  Nearb P l e a s a n t  'Va.1.3.ey much clayey f i l l ;  in Camon Range 
common oversize f ragments ,  CSS: P robab ly  Low n e a r  P l e a s a n t  V a l l e y ;  
h i g h  i n  Carson Range, 
Other ~ ~ c t b l e m s  : Poss1hl.a poor s l o p e  s t ah i . : l - i t  y ,  ~,.*--..,------ w......,---,..-- 

QgI - G l a c i a l  outwasta and /o r  l a n d s l i d e  d e p o s i t s  
Cc?2>osit ion:  Large ly  poor ly  s o r t e d ,  v a r i a b l y  s i l t y  sand ,  with abundant 

mw .*-."----.*"--- 

medium t c s  I-arge bl.ocks. S:n uppe r  Davi.s Creek,  orange grani't3.c sand w i t h  
mos2;l.y dsconoposecf grani.t:lr: hou:l.der$s; ~ ~ o r * t h  OF J'orles Creek fcrukms f a n  wi."t;h 
s c a t  t a r e d  b o u l d e r s ;  ira upper Ophdn" Creek,  t a r ~ s o ~ t e d  g r a n i t t r c  rexbt-il-e, 
Simf l8.r to Qsd and Qgm, WS : S o i l  l.argely v a r i a b l y  rocky,  s l . l . ty  s a n d ,  
up t o  about 1,3 m t h i c k  i n  uppe r  Davis CrVee'k; prtobabl.y poor3.y developed 
e l sewhere ,  
Thickness :  Up t o  a t  l e a s t  25 m ,  -.--.-,-- 
Ph~sical pr2ert :! .e ,s:  E-I: Matw8ix s o f t ,  some; approach ing  f i r m ,  bl.ot,les -~-- ""- ---- "m -" " ---,--- ""- 

h a r d  t o  fir-m, Br  Sonic:: i n d i s t i n c t ,  v e r y  tk~:i.ck becfu. 
X!:yi~i rxeeri.ng chnraete~l.s"i;i.c:3z P : Probat-3l~r largely r iaode~ata,  much higl.1, 

" - - .-,- ' ---..--..-., "*"---~.-".--"- 
some low, Exp: Large ly  unexpansive ,  may be expans ive  l o c a l l y  north ol" 
Jones @u*cek, Excr Most car1 be t r e n c h e d ,  %.arge ha.l-d bl-ocks may requl.l-e 
b:iasting o r  spe?ej.al taandll-ng, FC: Common oversi.zc3 fragmexxts, Qogh - 
IJnbedded pebb:Ly sand i n  bar-l..i.lce r idge ,  
C o ~ ~ s i t i o n :  Well-rounded and p o l i s h e d  p e b b l e s  and l e s s e r  c o b b l e s  t o  a s  
,"-** ---- 
Large a s  12 e:m i.n ma.traix of  mos"cly coar9se- t o  very  coarse-grained s a n d ,  
c l e a n  to Pine sandy and s i l - t y ,  WS: Rocky, s i l t y  sand s o i l  t o  0-7  m 
t h i c k  :!..ncludes 8, ;? m orgaun.i.c sun"fici .al  s o i l . ,  parl;:i.al.l.y c?l.ay.-clogged 
subso i l , .  
Th ickness :  Pr-obably 3 rn o r  more, .-.---"*,--"""-- 
PB?ysi.cal roper t i . es :  H: Sof t  t o  J.oose w i t h  h a r d  ~ l a s t s ,  ~ ] . a y e ~  s~absoJ..I ....- A -...-.,,,,-,w P ,~." -=_---,--- 

approaches  f i r m ,  
-2e < ~ ~ ~ ~ ~ ~ t i @ s :  P : Mos t l  y h i a h ,  moderate i n  s u h s o i f  , 
Excr Can be trenched w l  t h  e a s e ,  
Other* problerns : T.li.glr~ wa te r  t;%ble i n  much of t l r n i t .  .--""-*---. ".-",-...-,-.,-",".., 

IJoa - B3.d alluvl .um, clom:!.nantly sand :  ( ' 1 )  between Wasl~oe C i t y  and, New Washoe 
C i t y ,  (2) west of" Washoe C i t y ,  (3)  a t  Davis Creek County P a ~ k ,  (lb) n e a r  
west  side of" Washoe Lake a t  sou th  edge o f  quadrang le ,  ( 5 )  a l o n g  f a . u l t s  
I n  sou"r;hea,rt csorner 0.R" quadrbaxlgle, 
Ccjmy~os:Ltior~: Sa.nd, medS.~tnn t o  v e r y  c o a r s e  g r a i n e d ,  c l e a n  arid we1.l --- ----" 
s o r t e d  t o  s i l t y  and pooply s o r t e d ,  minor pebb le  gravel  and pebbly  sand ,  
l o c a l  c o b b l e s ,  A t  ( 1 )  we:il.:L ltrgs show 1.argely saa~cd, some silty. s a n d ,  
:3orne g rave l  wi th  cobbles, minor c l a y  l a y e r s ;  bedrock o r  ha rd  bouLdars 
w i t h i n  3 m of sur3face  i n  p a r t s  c a f  New \%ashoe Ci.ty a r e a ,  A t  ( I ( )  we1.l 
%ogn show sandy c l a y  t o  30 rn, l a r g e l . y  sand wi th  t h i n n e r  clay l a y e r s  from 
30 t o  60 rn, clay abundant from 60 t o  160 rrt, WS: A t  ( ' I ) ,  ( 2 )  and (31,  
c lay  c o a t i n g s  and i r o n  s t a i n i n g  v a r i a b l e ,  s t r o n g e s t  from base o f  s o i l  t o  
3 m, ds'.tnin.i.sh h e 1 . o ~  5 m ,  some p o r e s  c logged ,  most l a r g e l y  open; s o i l  



sa,ndy, 0 , 3  t o  'I m th ick: ,  some cl.ayey n e a r  b a s e ,  A t  (li), a:Eay ec~atinlu; 
amtl sta:"rni.ng t o  3 nn, some n e a r l y  cl.oggeci; s o i l  wel.1. developed,  0 , 3  t o  
1 ,3 ra t h i c k ,  much d a r k  sandy cl.ay, some c?al.i che, A t  (lj), i.r.ncx2 s ta ined 
but  l i t t l e  c l a y  c o a t i n g ;  soil d a r k  sandy c l a y  t o  c l a y e y  sand ,  0.5 m t o  
nrore than 2 m l;kiietc, some eal ie i .?e ,  subso i l ,  nc:atQly c3.a~-cl .sgg&?d, 
zrx,~~~&; .,..", p ~ g ~ ~ ~ ~ ~ ~ ~ ~ - :  H d o a f t ,  firm where c l a y  c o a t e d .  B: Very t h i n  
t o  ve ry  th3.cjEc beds axid :l.snses, 
Eng ineer ing  ,*&,:A~.---~J,-.L r f i a r a e t e r i s t i c s :  --am.B-~.~-.--~,-.-,.., P: 1,a.rgelg moderate  t o  h igh ,  some Paw I n  
upper  3 rn, So:1..l I -argely  moderaate a t  ( 1  1, (21, and ( 3 ) ;  rnuc?l.r ].ow, some 
v e r y  low, a t  ( 4 )  ; low to .very l.ow a " c ( 5  ). BC:. Possib3.e problems i n  
el.ayc:y soil, a t  ( 4 )  and & 5 ) , Exp : Large1.g tnnexpansive ; some severe3.y 
e x p a n s i v e  s o i l . ,  parti.ctll.ar7.y s t ~ b s o i l ,  a t  ( 4 )  ; some scul.1. probaisly 
s;f.~~n:i.fl.c:a.ntIy expans ive  a, t  { 5)  , Exc :: Cawr be t+renel.xed, I . ,argely w i t h  
ease. F'C: Some h i g h l y  plas8;i.c cl.ayey fP11. from soi.1. a t  ( [ I ) ;  some 
c l a y e y  "i".lll froni so i l .  at (51, 

Qcsa -- C41d a l luv ium,  graarel and sand :  ( 7 )  on F~~at?kf;owr.r Road n e a r  s o u t h  edge o f  
qr.iad~angLe; (2) near Franlctown ; ( 3 )  i n  Ophir* Canyon; 0.1) i n  P l e a s a n t  
Val ley;  (5 )  on h: f . l l tops  nea r  N e w  Washoe C l t y ;  (6) i n  s a d d l e  e a s t  of 
1,ft ' t :le Washoe Lake; ( ' I )  east  of' P l e a s a n t  Va l l ey .  
s o s i t : l e j n :  Sand w i t h  v a r i a b l y  abundant, gra.vel., A t  ( I ) ,  (2), and ( 3 )  
sand and grave:E ~natr- lx  are l a rgeEy  medium- t o  ve ry  coa.rse--grbained 
g r a n i t i c  sand,  some s i l t y ,  p o o r l y  t o  well s o r t e d ,  A t  (6) and ( ' T ) ,  sand 
and fr;rQavsl. m a t r i x  are l a r g e l y  c l e a n  and inodelaately t o  well. s o r t e d ,  
large3.y medj.u~i g~%airaetl. Cr;:~veL c l . a s t s  1argel .y  rtomnderi; )nost a r e  
decomposed gr"ani tic rock excep t  a t  ( 4  through. ( 7  1, Some gravel .  i n  
parats of  ( 4 ) , lap to boralders ; f n (6) and ( '7')  sorne gr*avel, up t o  c o b b l e s ;  
i t  mlaeh t o  mos"i;.s aravel., (:obbl.es up Lo 20 em; a.t  ( 5 )  much t o  most 
i u  g r a v e l ,  tap to  bocnf..derns; a t  (29 enost is g r a v e l ,  rmp t o  c o b b l e s ;  and a t  
( 3 )  al.mosl; al.3. i.s gra .vel  of" cs1osel.y paeked granit.l;.c: cobb1.e~ a.nd 
b o u l d e ~ " ~ ,  most; I.arge, scme tap t o  2 rn a c r o s s ,  WS: V a r i a b l y  <:lay m a t e d  
and i r o n  stafrxed,  t o  more than  5 m deep l".n places,  gr-sates$ from base of" 
ssll t o  3 rfi; some near1.y clay--el.ogged a t  ( 7  1, o t h e r  a r e a s  orlly partial.3.y 
c logged ,  S o i l  sandy,  v a r i a b l y  rocky, v a r l a b l y  developed,  0,3  t o  1 m 
t h i c k  a t  ( 7 1 ,  f 2 ) ,  ( 4 1 ,  and ( 5 ) ;  a b s e n t  a t  ( 3 ) ;  v a r i a b l y  rocky sandy 
c l a y  "c;o cla;yey sand wi.th c l a y e y  stabsoil. ;at ( h i )  arrd p robab ly  a t  ( 7 1 ,  
y e  W : Sand and g rbave l  ma t r9 ix  sof  f i rm where clay 
coa. tad;  c l . a s t s  l a rge ly  f'li.rm t o  s o f t  a t  ( 1  1 ,  ( 2 )  and 4 3 ) ,  1.argel.y hard a t  
( 4 )  through ( ' 7 1 ,  B: Up t o  v e r y  thick, some Xent ie t r lar ,  
Englnoer:ln&cha.r*acteripsti.cs: F :  X,arbt?;e:ly anoderate t o  hi.@, some low a t  -. * 

( 1 )  in upper  3 n n ;  s o i l  l a r g e l y  moder*ate, muah subsoil. 1.0% st ( 6 )  and 
probably  (71 ,  some ].ow a t  ( I ) ,  Exp: Large ly  unexpansive;  most s u b s o i l  
skgn i f l can t1 .y  expansl.ve a t  ( 6 )  and  probab3.y a t  ( 7 ) ,  some p o s s i b l y  a t  
(11, Exc: Can tre t renched, ,  most w i t h  ease, bl.ocks may c a u s e  d i P f i e u L t y  
a t  ( 2 ) ,  f b )  and ( 5 ) ,  FC: Overa:3Fze f ragments  I - i k e l y  a t  (51, pcsssib3.e a t  
( 4 ) .  

Qold -- 01.d l.ake depos j - t s ,  eas't; side of  Washae t ake ,  We1.l. 1-ogs show 
in te rkddded  sand and clay, rotnghly e q ~ ~ a X . l y  abundant ,  with minor _ 

gravel ,  WS : Surf ic l .a l .  mantle larngel.y ~ ~ r r J . t  Qau , i . n c l u d 3 . n ~  nluch cl.ayey 
and s i l . t y  sand.  
Thi.cltneas : To :;.nore? that? 300 rn. ." .--,.- "-----~-.""- 
P i ~ x s i c a l .  p r o p e r t i e s  : Y3: Sof't  t o  R"l.rm, I'lard cI.,ast:3. F: Elroa)ak)l,y 

,&"-* ----. -&.*".----- 
a b s e n t .  '13: I n t e r v a l . ~  of  e o n t l m a s t i n g  csompos:Lt:l.on t h i c k  t o  15 m, roughly  
h o r i z o n t a l ,  



Enxineer ing  c h a r a c t e r i s t i c s :  P: Moderbate t o  high i n  s a n d ,  low t o  ve ry  -.+- -pa-. "~---,---"-------- 

low i n  c l a y ;  surfial.a:l.  manl1.e 1.argsl.y moderate t o  h i g h ,  some p o s s i b l y  
low, BC: P o s s i b l e  problems in l o o s e  o r  s a t u r a t e d  sand .  Exp: Some 
s u r f i c i a l  rnant1.e :zign:tf%c?arltly e x p a n s i v e ;  up tc h a l f  o f  dcjros,i'f,s may be 
expans ive .  Exc: Can be t r e n c 8 ~ e t . l ~  FC: Much e l a y e y  . F i l . E ,  may be hl.l?;kaly 
p l . a s t i e ,  
O t h a ; ~ r o b l e n ~ s :  Bigh wa te r  t a b l e  i n  much of u n i t ,  -- --.--.,---." 

Qold -. Old l a k e  d e p o s i t s ,  west s i d e  o f  L i t t l e  Washoe Lake, 
Cang>os:!"tion : %?o t y p e s  of m a t e r i a l  Lnterbedded,  much oP each: ( 1 ) -"- *--",--- 
Wh:i.te t o  El.ght g r a y  dl.il"r,oma~eo~~s and ashy sec"i.rraents, ."i.nclurlfna fine.- t o  
v e r y  Pine-gral.med :ri l. t y  :3andstonc:s, 33.1. t s t o n s ,  soma elays.i;one, ( 2 )  Well. 
t o  m o d e r a h e l  s o r t e d  c l e a n  sartd, l a r g e l y  medium- t o  v e r y  coarse -g ra ined ,  
a.nd gravel .  o f  pebb les  arzd cobbl .es ;  some s i l t y  a n d  c l a y e y  f i n e -  t o  v e r y  
f i n e - g r a i n e d  sand.  We1.l. l.ogs show abou"r,qqual.:ly abundant; cl.ay and. sa.axd, 
some grwvel ,  S :  Clean scan<% and g r a v e l  i ron-s taf .ned b u t  l i t t i e  c l a y  
c o a t i n g .  Soil. on u n i t  i s  d a r k  brown, variab3.y rocky ,  8 - 3  rn t o  g r e a t e r  
thara 9 rn t h i c k ;  probably  1.argel.y sandy,  :;(>me sandy clay. s u b s o i l ,  
P Q s f  @a1 p-erties: C 1 ) and ( 2 )  i n t e r b e d d e d  In t h i c k  t o  15 m,  roughly  .- .-- em--- 

Iror:l.zontal. i n t e r v a l s ,  
C o r n x ~ i t i c l n  1 z: A: X.,~i!*gcljr f".irrn, r a n g e s  .very a"l.rm t o  s o f t ,  nlucln h a s  Xow -..--". - ---..,-, ",- 

d e n s i t y ,  F': 'Ver-y c l o s e  t o  moderate ,  B: Dist:l.nc"c; vvey t h i n  t o  more 
than 1,3 m. PP : Close t o  v e r y  c:l.ose I.n most beds t h i e k e r  than  medium, 
Commition 2: H: So r t  t a  l o o s e ,  c l a s t s  hard  t o  firm, B: D i s t i n c t ,  ---" - 
l a r g e l y  t h i n  t o  t h i c k .  
Enpf m e e r i n ~  e h a r a c t e ~ ~ i s t  j.cs : P : r)iatoru?;a.eeous and ashy seclrirnents 

"- -" -.,.,.,,. .---.--.---- 
l a r g e l y  low, some moderate ;  c l e a n  sand and g r a v e l  moderate  t o  h igh .  
S o i l  large3.pl l o w  t o  m o d e ~ a t e ,  sandy c lay  s u b s o i l  v e r y  low t o  low, BC: 
P o s s i b l e  probl.ems i.n sandy c l a y  subsoi.l.. Exp: Probab1.y lar 'ge ly  
unexpans:i.vd;, s;zndy c lay  subsoil. s e v e r e l y  expans ive ,  Exr, r Cim bs  
t r e n c h e d ,  some w i t h  d i P f l  c u l t y ,  FC: Some h:ip;hly p l a s t i c  c l a y e y  f i l l  
(from s u b s o i l ) .  CSS: lu'ioderate where acjverse X,cddl.ng (prcrbab1.y cornmore), 
h i g h  where f a v o r a b l e  bedding,  

Qmb - D e p o s i t s  o f  Mt, Rose f an ,  baulder-y f a c i e s  
Com&ositfon: Consi:st:3 oP two t y p e s  of  mater*:ial, i r l te rbeddedr  ( '1  ) " -,-," --",----.- 

V a r i a b l y  abundant ( 5  t o  7 0 % )  p e b b l e s ,  cobb les  and b o u l d e r s  suspended i n  
poorly  s o r t e d  s i l t y  and cl.ayt?y sand matr.i.x,, C l a s t s  t o  eobb1.e-size i n  
much of unLt;; h o u l d e r s  g e n e r a l , l y  l a r g e ,  some zrp t o  IE m e  Ma.kr:tx 
l o c a l l y  tuPPaceous. Makes up h a l f  t o  most of t h e  u n i t .  ( 2 )  Well- 
s o r t e d ,  c l o s e l y  packed g r a v e l  of pebb les  t o  boulders  i n  s i l t y  sand 
matxi-x; minor lenses oE" ~noderaf;~?l .y tc3  we1.l--sorted sarrd, Makes up some 
t o  hhaLSf of t h e  trnl.t. MS. Wef.1-sorbteb mater j . .a ls  i r o n  s t a i n e d  arlcf c l a y  
c o a t e d  t o  2-3 rn deep,  So:i-I. 0,3 2x1 I m t h i c k ,  v a r i a b l y  rQot?ky, largel , .y 
sa.ncIy, some t o  h a l f  wi th  clayey ,~nabsoll. .  
Thl.ckr?ess: Roughly 20 t o  35 rru, 
..------.* 

Phys.ica:k 
"-"~--* --~-- e r t i e s :  ( 7 )  and (2) occur  li.n v e r y  thS..ck ( t o  g r e a t e r  than  3 

---.->-%.- 

an)  b o d i e s  o f  I.r%re#ular* shape arad d'istrbi.bul;ion, 
C o m ~ o s i t i s n  1: 3 :  Soft t o  firm, b l o c k s  hard  ( v o l c a n i c )  t o  s o f t -  
*--- ".,--.- - 
( g r a n i t i c ) ,  B: J : n d f s t l n c t ,  veray tklick (to more t h a n  3 m), 
C o m ~ ~ s i t i o n  21 R: S o f t ,  c l a s t s  s o f t  t o  ha rd ,  B: Very t h i n  t o  very  -."..-- -.---. - 
t h i c k  sotne 3.enticul.ar, 
+;n i n e e r i n ~  c h a r a c t e r i s t i c s :  P: ( 1 )  law t o  l o c a l l y  moderate ;  ( 2 )  I*-2 -.---s-4h--.---%.,-"-.-------, 

l a r g e l y  rnodea3ate, some )?Ifi;h, M8-y  I ! I E C ~ * O F P . C ~ ~  ssrnewhat b e 1 . c ~ ~  upper  3 m, 



Soil largely moderate, some to h a l f  low to very low (clayey subsoil), 
BC: Poss:i.ljl..e pr1obEerns in c?l.ayay subsoil., IC:xp: DeposlLs unexpansl-ve; 
moot soil unexpansive , but 1~111ch s~~kSsc),iI. signif feanztly expansive, Exe r 
Most can be trenched, wiHi difficulty where hard blocks; very large 
blocks may a-equire blastix~g or speoi.al harldl.fng, FC: Oersizs f~agmen"s;a 
Ln much, clayey fill 1.m much, CSS: Moderlats t o  high .  

Qrns -- Deposits of Mt, Rose Fan, sand and silt I'8ei.e~ 
Composition: Conslsts of four types of m%terial, interbedded I n  roughly -.-" ----*...-". 

ecjua.1 proport.Lsras B C 1 'I FJhJ.te to I:l.gklt gray, tuffaceorxs and some 
diatomacsorxa sediments, including fine-grafned P,t.xTE; high--matrj.x 
tw P f  aceous and diatomaceous sand, largely fine- to medium--&~ra:ined ; and 
tuffaeeous mtxclstone and shal.e, ( 2 )  Cl.ean sand and gravel., mast well tt.3 
nzoderately well, sorted, includi.rxg f l.ne- to very coarse-grained sand, pea 
gravel, and local Lenses of rounded cobbles, (3) Poorly sorted clayey 
rand somewhat tuf facieous sand, largely f l ne -  to medium-grained ; most 
clay--clogged, ranges Prom clay  coated to sandy clay. ( 4 )  Variably 
abundant pebbles to boulders (up to 1 , 3  rn across) suspended in poorby 
sorted siltjr and clayey sand matrfx, Hell logs suggest roughly equally 
abundant sand and clay, some gravel; intervals of contrasting 
compo:sitj.ons kh:i.crlf; to 8 rn, XIS: Clean materiala iron sta4.ned and clay. 
coated to clogged to 2-3 m deep. $011. varLa'rsTy roeicy, 0 ,3  to "i Mmtkaiek, 
well developed; and 50% clayey, and 50% sandy. 
Thickness : Up to 15 m (from well logs), 
.,------*-. 

Pkrvsical , ,  - .  progertie(~3 .. ,- ---.----.. :: ( 1)  ( 2 )  (31, and ( h )  typically interbedded f.n 
very t h i c k  (more than 2 m) , L n k e ~ v a l s ,  
Corr~wti on a H Largely firm, rangl.ng soft to very firm, some has 
--.* --- 
low density, P: Origi.i?al fracttxre 1argel.y close to moderate; much has 
sr,~pa~*lmpased close to very close wsathsrlme; f"rac,t~~.r'e. B:: W:)l.stc:%net, 
very thin to very thi.ck, PP: Close to very cJ.ose i n  arrerch, 
Com&)osl.ti.on 2: H: So:Ft, eJ..asl;s hard I;;o ~ ~ f t  n 3 Thin t o  very thi.ck, 

.~".*<".-- " ,,--" .,w.sm*m-*--m *- 

some l.sntlcul.ar. 
Con~jositinn 2: F1: Soft to firna, some very .E"irm, F: Close to moderate -",.--..."-."".-- 
%.TI some. B: Medbur~! to ver:y tY~l.ck, PP: On some bedcl3.n~ p l a n e s ,  
Coun~sition 4: M: Soft to Pim, blocks hard (volczlnic) to sofk ---. -"" *- 

(graniti.~), B: Indintri,.net very thick (to greater than 3 n ~ ) ,  
Erg!l.neeu'*i 

--"%" --""- 
oteristics: R:  Large3.y Xow, much moderate an~% high in 
.---,-*.".-- ----.- 

very thick zones or beds, Unit is main aqui.fer in M&, Rose Fan area. 
("1 la rgely  :Ic?w, rBangj.ang veyy low to moderate; ( 2 )  moderate to lal.gh; (3) 
and ( 4 )  low, Below upper 2-3 m, (3 )  and ( 4 )  have some moderate, ( 2 )  
more hfgh. Abotxt half of 8011. modenoate t o  hi.@, half low to very l.ow, 
RC: Poss:Lble problenls I.n cl;zyey :~o:il, Exp: Largely unexpansivs, soxme? 
clayey sand s:lgnie:'icant:~:!.y expansive, Soil. largely une%pansiv@, up to 
311% signl.f.i..enntly expansive.  Exe: A:l.l carr be trenched, dl.f ficult in 
places. k?'C:: Much clayey f i : L 1  from soi.l., Z.oeaT over*si.ze f~aap;rfie?~'its, 
CSS: Moderate where bedding f.3 adverse (probab1.y cormon); high  where 
beddlng favorable, 

Qsh - Steamboat Ntlls Rhyol-ite 
Com~josS.tii .- - ------- on: L,arlqely 'Low-.tlensity, pcurnj ceous rhyo'l i t i c  glass, containing 
spame phc?nocrysts. PumS ce (lev% triried to chalky w'r~ite ~material al snlg 
m,lny f l o w  bancis, but most, o f  rnrri t f n  f a j r l y  Pr.osh atbay glass, Some 
purl l t o ,  mi ~aor obsl (?Pan, On lower slopes oC eonn, bedrock ovcrla  ln by 
brecefa of p~nmjee blocks aeaxrontsd by c lay ,  ixp to more than 2 m thick, 



WS: Surfl.cic~:l.  mant1.e on cone is sand tj.:i.th aburlcZarit blocjks o f  pumice, 
1lttl.e or no cl.ay, On I.ower .fl.a.nics (50% or less o f  unit) snrfi.cl.al. 
nnaxztle is clayey, silty sand lasit!? some clay 8oi.l. and subsoil.* 
T1-ticlcness: IJp to mope than 60 m, 
,-m'""----,-"-- 

~ s l . c a l ~ o ~ ~ t i e s :  - ..---. W: Vet-y firm, b~ecuia on 3-ower slopes firm with 
very rim pieces, F: Close to very w i e  (1 ,3  m), much moderate to 
wide, B: Very close to close flow banding? in much of unit, 
Er?glneer:Lrxa charnacter:f.stj.cs: P: F~*ac:ture permsabl.l.%.tg at dep th  latngeXy 

~--~~.I--I_Y.~I_UIl"-.----~~"-."-*,.-" --,%,.---- ~, 

very low to low, in shallow rock largely low; breccia on lower slopes 
has h igh  ixltery;~*arruJ.ar psrmea.bj.li. t y  , Surf li.cla$. mantle 11 arge1.y ~~lnderate 
to high, some low to very Low :l.r3 ~ubsoiJ- or1 l~>'i.~ier fl.anlcs, BC: Possible 
problems in clay soFI and srrbsoil, Exp: Betlroelc umlexpnnsive; surPicial 
nrarrtle 7-argely ~xr~c+xpan~"ivc ,  some sS.gn4.iE"i.c:arxtl.y expansive clay soil. and 
subsoil on lo we^ slopes, Exc: Where weathered, nlost bedw'ock r.equJ_res 
u>i ppl.u?pr;, some 1-equires heavy rippin!? or blastj-ng ; where fresh, most, 
requf yes heavy rLpping or bPastlna, Most surflcial mantle? can be 
trelzclzec$, some wi. tl? d:lf f j.cul.ty, FC: IXh~lridan& oven*wize f~agmen t s ,  some 
cl-ayeg fl.11 from so:il. CSS: High, can stand well i r ? ,  steeper cuts, 

Qsg .- I;r;%riuI.t? (:onglomerate o f  rhyui.l.tc? pumice a.nd metamorphic rwek. 
m&t232:: Interbedded sedjments, J.arge2.y clean and well. to 
rnodezlately well. sorted, consi.sti.rag os" grar3ul.c. to pebb9.e coxxg3.omerate of 
pumice and metar~orphic clasts; coarse- "c very coarvse-grained sandstone; 
and f?ine-- to alediuusr-grained sandstoxle , soma appronchl.mg sll,ts"i;one, 
Roughly 50% conglomerate, 25% coarse sandstone and 25% flne sandstone, 
Ml.ns~* haxnd blocks as I.axBge as medilrrn suspended 1.n ,.;ecf.iment, WS: Up t o  
50% of? material, e s p e c i a i l y  near surface, partially @lag--clogged and 
cemented. LVPost :mI:I. pebbly sl.:iC.ghP;Ly el.ayey, silS;y' sand; rnl.nor- cracked 
clay  soil, posslb5.y mom abnnda~at as srrbaoK:l., 
Thickr~ess : 1 m to probab:l.y. more than 10 m e  -.----- 
PhysLca?, praclpertl.e:s: FY: Y.4a~gel.y soft a.ppr*oacl.linf3 lI.oose, hut nnueh, .-." .---'"," -*-.<* ,,-"".--"" .-.- "a.,,N.."-.'w" 

especially near surface, :is firm because of clay cemerat; @lasts hard to 
firm, B: Distinct, Lhin to very t h i c k  (at least I,:? ma, most thin to 
medium. 
Er~&.S-neer$n~ ch;1racterPs"clt.c8 : P: !,ar@;,r,elg high, aorrle low "c moderate 
,-,.".,- --.- d -.---.-- ~-- --.---.-.*,-* "" 

eepeolally near surface; soil largely moderate, some low to very low, 
BC: Poss.j.b'l.e problems l.12 c l a y  soil. Exp: Sedime~?ts unexpansive; sail 
l..argel.y unexpansl.we, some significantly exparrsl.ve soil. or subsoi.l., 
c *xc" ..;: Can he  tx*el~ehed, some possibly w i t h  d i f f  l.crzlty, FC: Soroe clayey 
Pi9.1. r"rtorn so:9.1. . 

'i'b ..- Basal t 
Composj-"c:i.on : BasaEt.i.c flow rock wi tb sparse phenoet-ysts , much ---- .,-"--"-"""-.. 
vesieu,l.ar, i.nt;srl.ayes*ecB with much red scori.aceous fl.ow rock and same 
cinder breccia, Cinder hr1eeci.a consi.s"i sf pyraclaslfc fraagruaenta from 
s'and-size t o  nx<-ldl.rrr:x arid sorns large blocks, trklxeh crmde1.y to moderately 
lael-l sorted, rn~lcb wsorted, WS: Much flow rock c rops  ou.t ,  much I-tas 
rocky, clayey sil t  and sand surfieal mantle. Cinder breeeia, where 
exposed j u s t  beyorld quadrang'l.6; boundary, "e weathered oraxnge with clay 
coating3 to 3 m deep; soil wel.'i. developed, cl.e;syay, about 1 m th:l.ck, clay  
~ 1 ~ b ~ o f . l . .  
Thickness: IJg to greater than 40 rn. .,.,--," ,,m-m**-.--' ".".- 
'h. ,~ic?al projjerties: H:, Flow rock kzarbtl; seoraj.a firm; cl.nder brecc-fa L,."r-.-."-"-" -----.*.-,-- 

soft with firm, some hard, bloeks, P: Flow rock generally moderate to 



wide,  sonme very w:f.de Cup to 2 or 3 m); absent in cindr:r bryecx:l.a, 13: 
Distinct very t;hi.ck flows separated by sco~liaceot,ao x-oclc and prolsab1.y by 
cinder breccia; absent within flows except for fl.ow banding of' elongate 
vesicles anif al.ined phenocrysts; inclistl.rzct i.n a?f.nder* hw-eeoi.a, 
SSn@.neerl.nq characteri.s"ci@ s: I?: Fl.ow rwek has 1.argel.y Low-fracture 
--. ,--- " , b & - ~ - * - - - ~ ~  

~>ermeability at dep"ch, I.argely l.ow "GI anoderaate in skra1,l.o~ rock, except 
seoi-iaceou:3 zones and cincter breccia have high int~3rgr*an\nl,ar 
psrrneakjlliQ to depth, Surfi.cia1 nan"cl.e I.arga:l.,y motlerate 2;o high, ].ow 
to .very 1.o~ overP cinder breccia (mirror), BC: Possi-bLe problems in soil 
overq r:itnder brc3ccj.a (rnivrsr 1, Exp: Bedraoclc rrnexpansitre; surf ical mantle 
Zar~qely unexpa.ns:ive, subsoil over cinder breccia (minor) sevesely 
expa?iisri..ve. E3rc1: Most, weathered rock rbeqt:iires rfpping and some may 
r*eq~.~i.re heavy ripping or bl.asting; mo:.~C fresh rock requires heavy 
rippii~g or blastj-ng, Most surficial mantle can be trenched, some with 
diffi,czal.tyy. FC: Abua~dant oversize fra.gmsnts, possi.bly local c?:lnyey 
fi:J-l from soil, CSS: High, flow rock can starld well i.n steeper cuts, 

Tkf - Rate Peak Formation, flow rocks 
Carwsita,on : Non-.vesicular porpl?yrl.tJi.ca antlesite Pl.ow rocks, consist%xrg ---. "--*-.--- 

of pheraocryst;s in holocr'ysta.lli.ne to par"c1.y g.3.assy matrix. S o n ~  f:l.ow 
breccia and interflow rubble of tightly packed blocks, minorn tuff- 
P)recxl.a as described for unlit Tlcb, WS: Sur*fl@:i.al mar?t'l.e Jargel.y sand 
to clayey sand with abundanWiard blocks, some sandy ehy, Much outcrop 
or blocks of rock on surface, Sheds block-y and sandy debris downslope, 
Ph~sicaaroper*t%es : H: L,argel:y haa-d , r i m  wherRe weathered along -- ..-- -.-".-" 
fractures and .vary close partirrg wf"el-rl.n s e v e ~ a l  meters of ground 
surface, F: Most moderate to 1.3 m, much wide to 2,3 rn, some with 
crude columnar 'form; some very wide ( t o  8 nu) wi.4;h i.i"lternal incipient 
fract~tre. B: Fl.ows and br-eecl.a zones very thick (to more t h a n  50 m); 
within Elow::;, crmde very thick layem of mairsive pock (to more than 10 
m)  and rock with paraLleP p a r t 2 . n ~ ;  flow banding in roughly half at very 
th3.n to thick, ESP: P1-ornl.nrent In about  hal.f, ranges very cl.tsse to wl.de, 
commonly close to moderate, 
Enpimeerin~cchar*acterisi;ics: P: Largely very low to low f"ractrxr"e 
" 2 . .  - " - . . . , - - . " . . -  
pet*rureabi.ll,ty at depth, low to poss:ibl.y moderate irx whal:l.ow r'oclc; flow 
brecci~ and tnterflow rubb3-e have hfgh %nCergranular permeability to 
dep  I,!?. Surf l c  i a1 rn:xntl e targel y moc'ir?raate "c higE1, some low, Exc,: 
Where weathered, rnuch par*tc.d rock can be trrencherf with dl f'ficu1 ty, but 
most, of' u n i t  rmequi re3 ri ppirrg and st7me raqra3tres heavy a-l'pplng op 
bla:;.t,ing; most S F B S ~  rock r8equires heavy rmippis?~ or bias t i ngS, Most 
t~urricLaI mantle can bc trenched, but blocks cauoc difficulty, FCr 
Abunclna~t cavorsl ze t ragmenta , CSS : High i m bedrock, jlossii krl y moderate 
in surf icial mantl e ,  

Tkh - Kate Peak Formation, bumeccia 
(:amjosl.t-kon: Large1.y hrecx !.a sf vari.ahS.y abundant bl.ocks of andesitic 
rock slaspended i n  matrix. Bloc!ks ran.F;e up "C more than 2 m across, 
genoxha:lly medlram to Iargc?, MatwNix gerreabaLI:y coar'se saaxd- to silt-size 
lithlc grains a.z-id ash with few to loc:ally pl.antL:Tul permiceoras 
fragments, Most matrix poop1.y sorted, some moderaCelg well sorted 
li.thf c sand, in p2.aces w:i.th ind%sir,:lnct lenses of pea gravel., Includes 
sorne ?cuff (without bloclcs), some flow rock (as described for unit T k f ) ,  
minor iratrrislve rock I sl.m:i.l.ar to un.l"c Tki) , WS: Weal;'heaqing commonly 
colo~s top 0.7 rn of bedrock brown, Surficial mantle is clayey sand to 



clayey, silty sand with blocks, some silty clay subuoil, In places in 
Carson Range f i ~ m  slopewash of elay-coated silty sand Lo greater than 7 
m, Als~,~,nclant c:l.ay in many macerials deltnived from this unit, Sheds 
blocky debrls downslope, 

si.eal. propewties : H: B.l.ocks hard, matrix S.ar.gely f i rm,  sonna hard, Ekx -,,- "-"- .-dm-.-,----- 

some s o E Q  tt~~P"f f i m ~  to soft; Plow rsoek and Intr-uaive raclc hczrtd; little 
al"reet;ed by weathering. F: Breaks around blocks, Izence hard pieces 
genei-ally msdl.um to large, some up t o  2 rn; maJor f~acturtes commor~ly w i d e  
to moderato, some 11p to 2 m, between which much roelc has irregulaut closo 
to moderate weatherirng fracture t o  depths of 3 m or more; in some tuff 
close t o  moderate. B: Largely Indistinct, some distinct, thin to verby 
.I;h'l.ck (to mar-e than 7 m); poorly sorted hods aowmon~Ly thick to very 
thick, wel.3.-sor"cd dbeds eornmctnly thin to medium, Pi? :: Large:ly absent, 
close in some tuff w i t h i n  I m of surface. 
&p7g=;~p~~~p;.I~-~h~r~~>~~rg"c;&2?-: P : I.,a rg o l. y X ow , some mode rat e and I. oea l 
high :Irra4;ergranrmlaru permeability p @ r s l . s t s  to depth, Surficial. mantle 
largely modera,te to ].ow, some h:i.gh, some low t o  very ].ow i.n subsoil., 
BC: Possible problems in clay subsoil, Exp: Bedrock unexpansive, 
3urPic:l.al rnant;l.e largely unexgans:i.ve, same signif l.cant1.g expansive clay 
subsoil, Exe!: Most weathered rock requj.~es r - i  ppl.ng , some may requi,re 
heavy r i p p i n g  crsr bl.astirng; 901~16; fresh ~ o c k  can I>@ rvi.ppecl, most probaP~Lg 
requil-es heavy ripping orb b las t i -~lg ,  Most surf"icl.al nxantlcs can be 
trenched, block cause difficulty, FC: Common oversize fragments, some 
cJ.rclyey f93.3. from subt~o-l.l., CSS: i."ii.gR I.n bedrock, moden-ate in srxrr"ei,cl.al 
mantle, 

Tkd,  T k i  -* Kate Peak Formation, dome and intrusive masses, 
Co~~&osi tiorr: Porphyritic, somewhat vesicular, gl.assy t o  Z~olu@r)rstal.l.i.ne --*. .---- 
pyroxerre andesite, 'WS: S~rl3~el .aI .  rnaxlth ssi:l.-C;y fine sand with abundant 
hard bLock3; some cl.ay fil,rrrs, 
Physical p~f~ertles: I-!: EIard. E;": &aav@?ly wide to 1,3 rn in u n i t  Tkd, -- " .------ ""- --*.-- 
motlcrate to wide in u r ~ i ' r ~  T k i ,  R: P ~ o m i n e n t  ?Sow brandlng2: in Tkd and in 
same T l t l .  PP: Moderate to 'I. 3 n m  along flow banding; together wl.l;h 
fractui6e prcjcfuces large to vcna.y large rectangular b l o c k s  in Tkti, 

E3:ineer I .mqw:;~;~~ter~~~~~~r P : Larsge:iy very $-ow tc:, Low frat t ure 
-I ----"-.At 

permsabllfty a.t tlep2;tcl, low to poss:!..bl.y moderate i.n sha:l.:kow rack, 
Sur:fieial mantle largely moderate to h i g h ,  Exc: Must weathered rock 
can he  ri.ppeci; some weakhered rock and all fresh rook require heavy 
ripping orn bTa:3 t,Ing. l,az*ge E, X ocks in surEic ' la2  mantle may pequire 
ripping or special. hartdling, FC: Aburrdant overas"tzc f~agments, 

7'ku - Kate Peak Formntlon, undLvided. 
Connposj.L3on: Much of" hot11 Plow ~*ots'k ('TkfY) and breccia (TEtb), ssrcno local. 
*-" -- 
lntrlrsl ve rocks (Tk t ) , WS: Surfit:-l al mantle aarxd tc4 clayey sand, some 
c3.aysy subsoli.l., w:l.th abtlnclant hard bl..ocks, Sheds debris downsl.ope, 
Plyslea'Lj~operdCIes: As described for units Tkf and Tkb, Plows and -- -'-- - ------- 
breectas djstinctly interbedded an very thick (3  m t o  greater  than 30 m) 
intervals, irra~ul arb In ronn and tl.iieZ{ne:~s, 

charac2terf st i cn : As descri bcd l'osa uni.t~ Tkf and Tkb, -------- 

Composlticsa : Porphyr-$tie vol.eanic? flow rock and tuf"f-brecc:Ha, mas tly .,-m -------. 
?rornbl.ende andesit,e, rarrgil~g to dacite and soda tnoachyte. Cornonly 
al."cerecl to pu~ple and green col,op.-s, buC srsme, :i.szc%ndl,i?g soda trachyte on 



north side of Steamboat H113.9, i.s ~tnaS.tert?d, Tuff--br'&eaeia of  very sma1.L 
t o  J,awlge, :+om8 v e r y  Large, aragul.ar3 to ~~ounded blocks i.n dense, Ei.ne-- 
grlained rma.tri%, Un3.t imcl.udes much of" both flow rock and tlaff 
breccia: area above New Washoe C i t y  largely breccia; area on east side 
of" Steamboat I3i:l.l.s flow roe!<; arlea on nor th  si.de of Sf~eamboat H i l . l . 3  nruel.1 
of bo th .  WS: Much devel.ops weather"-ng fracture -Lo "3 mar deeper; some 
outcrops fresh, Surficia?. mantle largely clayey sflty sand with hard 
b l ,neks ;  much sandy c l a y  subsol1 over breccia, 
Y"1h~~;\e&.,-~&c!rZ;l.es: I F 3 . o ~  roek l a r g e l . ~  h a r d  fresl?, firm to klai-d 
'*.,-.-., -----.. 
weathered; breccia matrlx firm to barcl, blocks largely h a ~ d ,  some I'lrm, 
fresh and wea2;hered. F: Fl.crw rock largel.:~ cl-ose to nloderaLe, some to 
w4.d@, :some with ~uper : imposed very el.oae to rnodc+raate weathey-i.ng f rbac!;ut*e ; 
brbecc ia fseneral1.y lacks con tintlous frae tures , breaks along irregul.ar 
very close "ecs model-ate l"~act,uxres; most breccia breaks acr*o,ss bl.ackn, 
soxne break:; arcjuntl bl.oelrs, r-3: I.,arkgel.y a b s e n t  i.n brew ia ; flow hand.l.ng 
and fo.l.la'r;rion 2.n much Pl.ow rock, PP: Pr-eminent 3.n ~nueh flow r*o@k 
I.argoly at; el.nse F;o nror%erate; iufrag?xl.ar veagy cS.oae t o  rnodeawte parting 
%n some breccla, 
Eng.f.neera ~*.-- ok~ar*aeteri;7ticsst ..----,--. ".o -,--. P: F7.o~ rwck l.a~geZ.y very law at dept,h, 
:tow to mnclleral;e fractul-c permeabi.l.i.ty I.zn shal:Low rock; breg?c.f,a larg;e:ly 
very l o w  at, i lepth , ].ow f~.aettar*e permeabll . i ty i n  shallow n-ock, Surficj.aE 
nnarktle I.raaage:lg moderate, much approackli.ng l . ~ ,  some high;  nl~rnck low to 
very ].ow -i.n salbsoil over brecc:La, RC: Bussibl.e p~obl.ems i n  c l a y e y  
subsoil. over. breccia. li:xp: 'Betfursck l.,e).rgely uncxpams.lvec; surfS.c::h;al 
niantle largely une::~:pan:ji-ve, much subsoil. over breccia sigrnificarrtly 
expan:3ive. Exc: Most weatherxed flow ~+ock. can be trenched with 
dil"fj.ewlty, almost all car1 be r l p p e d ;  .E"r*e?sh f1W.o~ rock requires heavy 
ri-pping or inlastini;~;~ Most breceia reqcxires ripping or heavy rippi.ng or 
t.rJ.asting, Surpf l.eia1. marlCI..e -:r:an be trsxxekled, bloclcs may cause 
dj..ff:Lculty. PC: Cowi~non oversize f'ragrfients, some cla.yey f il.%. frbom 
subsoil.. Rock Frbagmez~l;s rnay degrade rapidly, CSS : EIJgh in bedrseslc, 
moderate En surfieial mant1.e. 

Tad - Alta Formation, dike 
Com\)osi."con: Hornbl.ende andesl.ta, much b%eached and sof tens?cl, nnuch ~"-* .,""~..-.. ---. * ..--" 
hard,  uanbleached, Prsbak,ly contains dlssenxina"l;ed s u l f f  tie mixlerals, 
Adjacent unit pKm is breceiated and weakened, VS: Surf%ciai mantle 
over mnh.l.eac)zed r90ck j.s sf.lty sand w.l.th t?artd bloc?ks; overm bleached rock 
Incllxdea c::layey materl.al.. 
"X"3ickness: Ilp to greater "chan 40 rn, 
---.-,--- 

Pbysi.eal ~ln"o2ertPes: H: F-lar-d to fi.r~n, F: P~obikb1.y. moderate to wi.de, .- " -.-.,, ",""-,*m"** .-..-,~., 

Engia?ser1ln% eharae ter:S.s4;licd3: I?: Fracture permeab3.liky 1.argel.y ,very low --Y_&I__~.,., "I"---,"" -..-w-,.q--.--.-,- ". 
ts low a t  d e p t h ,  low to nroderate with pos3ib2.y :;<me high 1.n 9halPow 
r-oek; surl"iesi.a.1. 'ina.ntle h i ~ k  to low, some .very low, BCr F)cossLbl.e 
problems in el.ayey material., Exp r Y.,~r~*geS_y mn?extpar~s~i.ve, some s u ~ f  ic:?i.al 
m%la%le and weathered rock probably expansive, Exc: Most can be r*ipped;  
some may require heavy ~ " I p p I n g  01" blastin~g. S~xrf"%.claT nmantle can be 
t renched,  b:looks may c;xn:se d i f  riculty. FC: Coniwacntn oversi.ze frwgmf>mata, 
pr'obably some c l a y e y  f i . l l ,  May I.nclu$e sral'i"l.de rfffrxerals w i t h  potential. 
%OP rL8pId B~~lakdorr~~? of P-oclc fra~rnentg in f i l l . ,  CSS: Px-obab3.y 1argel.y 
high, low i.n breecial;@d adjacer~t pKm, 
Other groblerils: YossFkle ae.i.d groundwater, 

--,--- ---.-. -.-- 



C:on?;lposl.l;%on : Grant tic I-ock, 1.argel.y hornb:Lerade--biotitt2 granodlo~ite, 
-"'"-",we--- 

some q~xa.rtz monzsnlte. I:n pl.aces crrade4.y foliated by al.inement 04" raaf'j.c 
minerrxls (shown by' shorrndashes on Geologic Map), Scattee-sd a.pliLe and 
pegmatite dikes and quartz ve ins  loc?al:Ly constittatc up "t; o4.0$ o f  rock 
mass ; mirror dark I.ncl.~xsi.ons rich lm mafi.e minepals, i,ucall.y esratai.ns 
b:leachsd, soft clayey material, MS :: M~rch x~ear-~si~rface gy-anitl.e rock 
dscorrrpssed to c?oarsc+ to very coarse-.graS.ned sarai.ly mat,erj.al, Deeownpr>sed 
material irregularly distr-l.bu'c;ed, I n  many places more than 8 rn thick, 
 PI some places more than 16 rvr P;h.l.t~kc, commonly surrotxnd:img blocks or 
knobs of harclrcick as sketched in 1"iguple 4(b) ,  Areas irr which deco~~poserd. 
material commonly abundant arkd l;hS.ck shown as prirnle sotarces of on 
Energy and Mineral R ~ ~ O E ~ ~ C O S  Mag (t,h:X.s fol.i.o ; arsa.s that tr?ontain 
shal..law decomposed material. shown a s  secondary sources of BPdgt%, 
Surfi.cia1 mantle la.r.ge1.y medi.urrk.- Lo very coar*se--grained grani . t lc  sarud, 
much with nminoxq silt, some wi. th cl.ay coa Lings, variab1.y abtnndant Elard 
b'locks; generkaLI;y 0,7 to 2 m t h i c k ,  sorne al-ope wash t,o a t  least 4 m, 
E3Ihy:licaT properties : 1 F'r-.esh yrarr1tj.c rock, aplite, pegma"i;%"r,e and ~.-- --.-.--- --.~.. "-,,m.M-",w 

laafie :%.nc?lusions h a r d ;  decomposed rock firm Lo soft with hard blocks, 
I?: C;rnanl.tic rock commonly wide to very wide (2 m) , ~larlp;is?g fl-om c!lose 
to moderate near faults to 3 rn; ineiplent eiase to very close fractures 
affect spa.l.ling and decczmposi.tl.on ; apl:!-te v e r y  close to wide, B: 
Absent except J.ocal weak I'oliatiox~, thin to very t h i c k  (at least 2 rn) 
aplite and pegmatite dilces , and rnafic 4.nclnsicsns general.3.g "r, medium, 
locally to thick, PP: Largely absent, present en some of unit within 3 
rn of" surfaice ~1.3 ineipier~t v s ~ y  el.ose to close spalll.ng, pal-tl.eu2.arl.y 
near f raetures, 
i,ri( -inec~.l.% characteristi cs : P: Fracture? pec3rrfieabli.L-Lty I.arge1.y .vezUy low L A  - -  ,.----*-. ".".-." "..",".-,- ~-"- 

at depth, generally l ow but locally moderate in shallow rock, 
Deoompaaed rock l.o~a to poss:lbly modesate; surCic?-$.a,l. manrt,l.s hig1.r t;u 
moderate, Exp: Large1.y unexpansive; I..tocal cl-ay-s%ch decomposed rcrck 
may he signifl.cant1.y c?xpansfve, Exc: Most hard rock reqlaiwhes heavy 
ripping or Mastirag; most clerif:)mposed rock can be trc!nched and a.ll. can be 
ripped except very large i".ne?.ilded bloclcs, Si,~rr"J.cJ.a?. mant1.e earn be 
t r e n c h e d ,  blocks maycca.uso di.fficulty, FC: 0varai.ze fragments c?ommon 
except in much dec?omposed rock. C33: High .  Hard waock can stand 646J..l 
i r r  steeper cuts, A t  higher* el evaCLorrs in Carson Range, decomposc:d 
material and surf ici t t : l .  rnant1.e erode raysl.dl..y I.rr cut sl..opes, vege>1-,ati,ve 
protection dif"ficul"co get es"ta"a.i:-.,hed (Wober*t A ,  Matthews, oral 
cornrnun., 1979) .  

Kg w:Lth "triangular pattern - Higk1l.y-fractused granediss-ite 
Comn~ositic~n: Gt-anitie rock si.milar in c>orarpus:i."r,io tto unit Kg but -..-. "-.*' -.-.---.-" 
includes much rock with closer fr.actrxre s p a c i n g ,  irregular fracterre 
ori.entation, and gr-eater abundance of spall.:E.ng fractures and @rTu3lled 
clay-- to .rrand-sized material. along fraet~xrs:j. 'DlsorUdered rock mas:; OF 
variably sized bodies of? hard, w i d e l y  to very widely fractured rock 
between soma to a.s much as 78% soft kc) e"l.rn*~.'~~ rock deecswposed becartse of 
c:loser f n*acti.xrhc; spacing and rel.a"cet"i ilevelopment; of' spall.i.ng f saetures, 
WS: Much wea"chera r'h;apidl.:y to lrrose sand bec'?ause abundant spal.:liag 
Practua?os at*e 3.oosened hy extreme temperatu~es and f r e e z e - ~ t h n w  I,rr Carson 
Range, Surficial mantle is silty very fine- to very coarse-grained sand 
with  blocks of rock. 
Physical properties: B: Wa~jab1.e~ hard to soft, P: Variable, very 
--A"*,--m-w-- .-- ------"..--.- 
c?l.ose to 3 m; generba3.:l.y ~~rude?.?r;rts t o  very wide i.n coheren~portions, very 



close to moderate in f'r*actur*e zones arid decsonngsosed rock, T4P: Velay 
close to eloss parallel spa.lii.ny; I"raetur1es fa?. much weathered rock, 
Enp? neerinp charta.cteri.stm : P:  Varl.able, Zarge2.y low " c o  niodet.*a"r, with 
-*..,- C*" -..--.- dL*~ ,,.,* -,,-- .-.." -,.-m-.ssm---- ". 
:;erne 11igh frbact\xre persmeahl.llty to depth; o u r f l . e l . a l  mantle  odera rats Lo 
hi.gkx. Fixp: Lax-gely unexpansive; signlficaaatly expansfve clay gouge and 
crushed material along some fractures, Exc: Va~iable, much can be 
ripped, much ~e?quires heavy ~*ipp:lr~g orb b:bas"r,.ng., S1,xr1"1.@ial. nnantl..e can 
be trenched, blocks may cause diff:icul.ty, FC: Oversize Eragmenb in 
much. CSS : High ; rapi .d ly  decomposes t o  sand, 1)ecomposed niaterl.ai, and 
surrfciak mantle erode rapidly in cut slopes, vegc?tative protection 
di.ffienlt to get; ost,ablis&iscE (Robert A ,  Matthaws, orbal., ceimmkrn,, 1979), 

pKrn and pKmb me ban tor phi.^ rocks 
Ctrmposition : Metagutaywacli:e , ~Ia. t ;e  pt~yJ-I.J.t,e, rletat:or~gl.~rne~~tat;e~ 

.-m.,*-*w*& .-w- 

me.ka.volcanic tr-xff and b~-ecei.a, and rare marble; metavol.canic breec1.a 
separately rnapped (pKmb), Var-i.abEy folLated, rncjs'c wl.t"ra siabt1.e 
fs l . l .a t ; ic~n,  some to 30% of unit:. 2strorrgl.g foliated, \gi;ritkb.i.m 20 ral (sf 
contact with Kg, ux?:Et is "i;herimal.ly metamorpPioasd to h0rnfe2.s~ schlst , 
and granorels, wfth aplite and pegrnat.F,i;e dikes and quartz veins, May 
contain sulfide mi.neral.s, espec1.al.a~ i n  places ~ ~ O Y I Y ~  as metallic ml.neral 
occ\nuytnc?nce8 on Enerlxy and  Eili.nera:l Resol~rces Map, WS: 1,:l.tt:l.e ~ f i e c i .  on 
rock that crops out; softens s'trorbgly fal:lated rack to more to 6 m deep 
in places,  releasing much clay, SurPrl.eia% rn~ntle large'ly cla.yey, silty 
sand with hard b l o c k s ,  some sandy clay subsoil.. 
PQsical. p~ogertles: 14: PresY1 i%r~<"cn~st weathered rock ha.rd; some to - ---- *--,"" " ,--, -.--*--- 

30% weathered firm to soft to mope than 6 rn deep in places, commonly in 
swa1.e~. F: Gene~aLly clc~se to moderate, some wide, xbaryely to *1,3 m, 
B: Genera,l:L?r indlstir~t:t, scum<: ~dfst i .nr : t ,  thtn to very ,thick'; .t;i.ghtly 
f o l d e d ,  PP: Very close in up to 30% of unit; Largely absent in 
autevop, 
I:n ' "lneerl.ng character I.st;ics: P: Fr%acr:P.,ux*s perrvnsahi.:i.i.t~ larl;ge:j..y very 1 ow LA:,., ,.-,--., "_ . ,,-" ...-,--,,.,.. ~ .-*-...,,--.- "-.- 
at dep21.h~ low to possl.k~l.,y moderate l.n sha:ll.ow roek; surficfa:i. rnan.tlc; 
larla;c?Iy moderate to Inw, some hi .ah ,  some very low 1.n subsoif., BC: 
P o s ~ : i . b l e  problems in clayey subaroi.l., Exp: 1,argely ~xn@xpanu.l.ve; some 
clayey subso3.l expansf ve. Exc : Most we~.it!"nered rock caxr be treenched 
with diffictaltgr, some with ea:;e, al.1 caxi be y ipped ;  most fresh rock 
recjuiv~es heavy ripping or blasting, S~ar*ficl.al. mant1.e earn, be trenched, 
bloeke majr calxse dj,ff":ic:ulty, FC: O-versj.zac,b fragments :f.n ml.reka, some 
cl.ayey f" i$:E frorui subsoil, Sulfides may cause rapid br*eakdown of rock 
fragments in fill, espeelally in areas of metallic mineral occurrences 
shown on Energy and Mineral Rerro\ap.ces Map, CSS: K.,arge"l.y high,  some 
rrroderal;e where adverse 1"oll.at.i.on; nzoderate in our%fic:!.al maz~tle, 
Other jrobl.ems : Acid ground water f KI ar'eas of s u l f  icle minerali.zatior1, 
, ,--.--.----. ----.."-- 

pKm wi.l,h ~totted pattern - Bl..eachec.i metarnouspklic rocks. 
Cornlosf tion : Val-iabl y bLeacl*I.hecf and altered metamorphic: roclr, ranglrrg -".-- 
from unaltered rock to thoroughly bleached, soft, low-density mass of 
residual. s:I.li.ca and clay minerals, in pl.aces with hard si.2.icified 
masses. Withi..n y\aadranp,%e occurs northeast of" New Washoe Cl..ty, 81awwrt by 
bl-ack dotted paditera? on GeoJ.ogl.e Map, Rl.eae&~l.rag also prominent in unit 
C t lad. kJS: Bismc:hi.ng is a specl.al. type of a~eathering (Thampsora atad 
Whi.te, 1 EBfjJ4 , p. A26, A27 , res.ixl.ting C r s m  s u l f u r i . c  acf d formed wlaere 
atrr~ospherfc oxygen peac?ts w-i.8;tl dl .sseminated sulfides or rising hyclrogen~ 
s~llphide:. Hence kleachi.nla; :!.artge1.y eonf :i.ned to zone of' weathering, 



generally to depths of 6 to 10 m, Ox:{ datian of s u l f i d c s  sLi I .1 a c t i v e ,  
oviderreed by aej.dil,y or" s o t l a  (pH as l o w  an j ,5)  and of r~ecnof? from 
bleached arecls (pH as l o w  as 2,4), S~url"lcial. mantle la rgely  rocky 
eiayey sand to aandy cXsy; d i s t i n f 2 t  J i g h t  color ,  
Thi cknss:3: Corrranonly t o  10 m, -.--- -- - 
Phyal-propertf -.- es  : IT: Var table,  I r~egax la r  m l  xtunbe of" soft; bo firm ----- 
wi tch  hard. FI: Varlahl s ,  X~rgeXy  el osc? "io mtsdercal,e rcmalning B"romi 
r~nbleaohed pKm, some Lr~egu4ar aLcm? to very close, some wtde o r  very  
wf de (to 3 m or more) i n  hard s i i i c W I e d  masses, 
En~~ineer in$~ehar~acter- i91; ics  : P : k,argel.y very lotj RZ; d e p t h ,  ].ow t o  ",.-"- --,,"~-m"S-<--,t . ,.,.-* ,..--*-*-" -----. ~-.- 
moderate w i t h  home hi~1.n 3.n shallow rock; srxrf*ic:i.al !ni%ntLe modera t e  t o  - 
low, some very low, DC: PcssslbLe problcms f n  clayey rrlaterfaXs, Exp: 
I,,.altgel y unexpansiva, :W~III-: cxpansf ve nna8J@ralal :r l n  both n o j l  ;xiad weathereal 
rock, Exa: M o s h c a  be trenchecf , some may s*eqe~i re rgiyptng,  3 EZtcified 
masses may reclulre kleizury r f p p l n g  ole blasting, Su~S'lleiaS manl-.lcl car1 be 
Lrenched. FC: Some oversize f?*agmenzts, soma clayey fS"II,  Sul f ides may 
cause ?apj.d breakdown oP rock f~~agments i n  f14 1, CSS: t,argely h i g h ,  
posa lb ly  t o  low i n  places, 
Qthor  m: lic_Ed [~~.o~andwater .  ---- 



REFERENCES CITE!) 

BingLer , E, C, , 19"f5, Guidebook to the Quabcr*nary geology along tkar: western 
?Lank of the Truckee Meadows, Washoe County, Nevada: Nevada Bureau of 
Mines and @eoLf:)gy Report 22, 111 p ,  

-,--.--" 9 4 978, Abandonment o f  the na.me War:E'oa-tl Fl:.lfli Rlaycr:l.ite T u f f  and adoyjtion 
of new I%rmat:l.on names f o r *  ~niddl.e Tert iary  a:>-flow trxffs fur "i;~e Carson 
C f  t y -S i l ve r  C i t y  area, Nevada: U,S, Ceerl.sgieaL Su~vey Bwi.letf n 11157-D, 
1,. Dl-'D19, 

R i  rkelarntl, P. W, , 1961t, PJeT-skoccne gTaciatCon of' the nartherw S?.errs Nevada, 
north of Lako T~"al.rtue, Cnl J Tornf a: Ja~trnaL of" Geology, v, 7% no, 6, 
p, 810-825, 

s3m - "" -, .* 1969, Qu;iCernary paleocl tm;tt i c  jtnpl.l(:;ltlons of' 30.4.3. clay  mtnor9al 
dlstrlbutfon f n  a S i e ~ r a  Mevada-Great Basin transect: Journal of 
Geology, v, 67, no, 7, p ,  389-302, 

Bonham, H, I,, and Papke,  V, G,, 1969, Geology and mineral deposits of Wnshoe 
arid Storey (Cozantfss, Nevarla: Plevarfa Brrrveeu of" Mines Daalletfn "0, 140 p, 

Bn~ckisrdt, R. I?,, Joync?rb, W, B e ,  Warn-rnJctk, R, E , ,  and Gibha ,  J. F , ,  1975, 
Response of local geo1og.i cr mni ts to gr-orrud :jbaki rag, & Borcl~erdI;, R ,  B, , 
ed,, Studies f'or se5nrni.c zonatfoai of the San Praancisc?~ Bay region: U,S, 
Geological Surwcy P~ofossiona I. Pape r  947-8, p a  R57-A637. 

Brown, il. D, , ,Jr , , '1 970, Map shawl mg; recently a e t i v e  breaks along {,he San 
Andrea? rau lk  between the norl;ht?rar~ Gabi-l an Range and Chalame:: Vsall-ey , 
Cat i f o r n l a  : U, S ,  Geoiogica l Survey MisceZ laneous Geoiogiea7 
Irave29tig8t;ions lbap  T-.575, :>(:a Le I : 62,500,  

B u ~ k e ,  W, M, , and Birkel.a.nd, F9, W, , *li-S"T9, ReevaXl~at'Eon of multiparal~ieter 
r3el.abl.ve d a t l n g  t'eehniqmes and t h e i r  app'Eicat:Lorz tc:, the  glacial.  seq\,nenc?e 
alorag khe easter-r~ escarpment o f  the  SS.errsa Nevada, California: 
Quaternary Research 91, p ,  21-51, 

(;aTkins, F. C, , 19J44, Outline sf the geology of t h e  Cornstock Lode DCst~ict, 
Nevada: Washington, I). C, , U ,:i, Dep8r~trraent o f  LIE Irrteu*l.or, GeoS.ogJ cal 
Survey, 35 p ,  

T:l.ark, M, F4, , 'I 967, SYle:i.stoaene glac!:L;?at l.orz of t he  tlrainagc of' l;he West Walker 
River, Slerra Nevada, CaZlfornLa: Stanford, CaliFornia, StanPord 
University Ph,B, thesis, 130 p ,  

Clark, Me Me, Gr?~ni;.r,, W.rtkurb, and Rubln, Meyge~a, "1972, FEoLocene activity of the 
Coyote Creek farnl.t as recorded in sedl.msrr"r,s of' Lake C a h ~ i 1 . l . a ~  in The 
Boprego P4ounta:l.n earthtguak-e of' Apr4.I. 9, '5968 : U ,S , 13;.eslogl.cal?ir;r~vey 
Professional Paper 787, p. 112-130, 

Chapman, R, K,, 1966, Gravity base station network: CaliTo~nia Division of 
Mines arid Gool.ogy, Spec"i.al. Report; 98, 1.19 p ,  



Ch~j~ten3en~ M. N,, Gil tlert , C, M., I,ajolo, K, R e ,  8rxd Al-Rawi, Veklyau, "169, 
CeoPogi: e--geophysl ca2 intemoprctation? oE Mono B a s i n ,  Cali Tornis--Pdevatla: 
Journal or Geophysical Research, v ,  74, no, 22, pa 5121-52354, 

Davis, S ,  N,, and Dewiest, R e  J, \ Y e ,  1966, 1-iytfrugeaJ.ogy: New 'Yor*lc, John 
WiJey, 463 p ,  

Dempsey, Id, J, , and Vargo, J ,  I,,, , 1965, Aaromagnetl.a map of' p a s t s  a:? the Mount 
Rose and the Vixtg:l.nia Ci.t:y q12adrangl.e~~ Ornrsby;, Storle:y, and Mashoe 
CountPes, Nevada: TJ,S, Ge:ol.ogic;al. Survey Clpen=-File Repok~I;, sca1.e 
1 : 62,506, 

Er*wirlr  J. W e ,  197?jr Rou~~ucer gr*av:i,ty map of Nevada, Reno Sheel;, aeals 
" r :250,000:  Nevada Bureau of Mines and Geology Open-File Repor%* 

Evernden,  J, F , ,  and Klstler, R ,  W,, 1970, Chronology o f  emplacement of' 
Mesozoic batho.l.l.&h:ie eornpl.excs i n  Ca:Lifoa-nfa and wr?sterwn Nevada: IJ.S. 
Geolog-E.aal Survey PI-ofessl-csnal Papel- 623, 112 p, 

Gibbs,  J ,  F ,  , and B o ~ c ; h e r d t ,  R ,  D, , '1 9'74, EEf ects o f  2oca:E geol.ogy on ground 
motion In the San Francisco Day reg ion ,  CaliEorn:la, a c o n t i n u e d  study: 
U,S, Geological Surt.vey Clpen-File Repor t  71.1-222, 946 p. 

Hough, B, # 7 , ,  1951, Wasf c; sot1 ,s e n y ~ i n e e r l n g :  Mew Yo~k,  The Rrtnnl d Presa 
Company, 513 p,  

F1sf.l K, ,J, , lrJ75, Catastl-ophf c c l s h r - l ~  strqeams (aturzstroms 1 get%er*aP-,ed by rock.- 
falls: GeolsaZcaI Scclety of Ame~ica B u l i e C i n ,  v, 86, no. 1, p, 129-1i48, 

InCernatl.ona1. Con%ercn@s o f  Bu:i.l.tI:Lng O f  f".ci.;al.s, 'I 970, 1Jnl.form Bni.l.d:irrg Code, 
19'/0 ode  : Paaaclex?a, Gal-if, , I:nternational. ConfeuSence o r  Bt~:E.l..ding 
OffictcaLs, 651 p, 

,-,-*-" *..--" ----- 7 "9976, Ux~i.Yorm D~,zil.ding Cotlc, 19'76 ed ,  : Mli . tF ; ie r ,  Ca l i fo rn ia ,  
:J:riCernaZ;:Lonal Corrf eanenoe of Bu:i.l"ding Of"T:i.cl.als, 728 p. 

Johnson, A ,  I,, compiler, 1964, Conversion i'ac?̂ corn and rnl sceLlaneosas tab1 es : 
liB ,S, (Yqe01, SUYVEI?~ Open.-F el e Wes)c)~-t~ Hydr-o2sgic? LabonbaQ;ory, Denver, 
Colorado. 

Rryn:i.ne, D. P,, and Jrndd, 14, R , ,  19hj7, Pr i .ne lp l . e s  of engi?neer*ing geology and 
geotechnl.es:: New Yolqlc, PllclZrraw i:11.:\.l., 730 p, 

L:zC:hagseEle, E. R,, 9968, The cycle of sllow, i n  PdannIrzg, !I,,  e d , ,  Moetuatain- 
eering, the freedom of the l i i l  la, 2nd eTe-: Thc? Mosintainee~ls, Seattle, 
Washtngton, p,  485, 

lPiedvedev, S, V, , 4965, Ealg.4 uaecrl ng geukogy : Er,[;l;Z%sh transEatiarrn r Israel 
Program for S c l e n t i f  L C  Trans1 atton, Jertrsaiem, 260 p, 





GalLfornia and western Mesrada: Geolagicxl Soe-iety of Arnc?riea Abstracts 
with Programs, v, 9, no, 7 ,  p, 1155-1156, 

Sharp,  R ,  P,, 9968, Sherwin TLIl - Bishop  Turf' geological. w.ela"i;Lonships, 
Sierra Nevada, Cal ifo~7n.f a: Geologii cal Socl ety of Amerl ea f?uElatim, 
v,  79, no, 3, p. 359-364, 

S l~a rp ,  W e  P,, and Wlrman, J, He, 2963, Addi t ions  to cinssleal sequence of 
Plejstscene glaciations, Sierra Wevad~, California: Geological Society 
of America Bulletin, v, 74, ~ 1 0 ,  8, p, 1079--3086. 

,C",ha~lp, W, N, , 1970, Extens! ve xealitl zatboaz associated w-E t-h hot spr.1 nga in 
oelatral Cs'Eorbado, jn GPO logics Surnwey reat:arch 9 970: U,S, Geslogi eai 
Survey ~aaof esnl ona"r"Pai,e3r 700 R, p Rll"rD20, 

Sl.l.bermara, F'I, I.,#., and W k j i t e ,  a), E,, 1975, ! ,> inn i t s  orn tkxe dura.2;l.on of hydm"o- 
t,l.xerVmal. ac"tivi.ty ;at  Steamboat Springs, Nevada, by K..-Br ages of spatially 
rrssocia.ted altered a.rxd rnnal."s,erqsd volcanic r.oclcs: Geologica:l Society of 
Amer*:%.ca hlbsB;rqa.cts w i t h  Psagrama, v, 7 ,  no, 7 ,  p ,  127'2-.12"73,, 

Slemmons, D. B,, GimLett, J. I,, Jones, A ,  E , ,  GreensfeLdes, R e ,  and Koenig, 
,?, , 1965a, Earthquake epicenter map o f  Nevada:: Nevada Bureau of Mirier3 
Map 29, s e a l :  4 r 1,000,000, 

Slermmons, D, B , ,  Jonea, A, E., G i m l . e t t ,  ,J. : E m ,  1965b, Cla.Z;al.og oF Nevada 
crarthquakes, 1852-1 96(3r: Seismo~.tsgi.cal. Society of Anxe~ica B~xlletin, 
v, 55, no, 2, p. 579-565. 

Stearmns,  N, 1). , 192'7, l,aborator"y tests on physical propex*tS.es of water*--bear:l.mg 
matexulals :: U ,S, G;eol.o~r;j. cal. Survsjr Water-Supply Paperb 596-F. 

Talwani, Manik, kXarzc?:l., J, I., , , and l,aundisrnare, Mark, "155 9, Rapid  grav:lty compu- 
LaB.l.ons for two dimensfonal- bodl.es w i t h  appJ.,ieat:!crtn to t he  Mendocino s u b -  
marine fractrxre zone: Jourrral. of" i;eopkysicsal Re,~t?arelz, v. 65, no, 'I, 
1,. 49-59. 

Thompocjn, G, A. , 1956, Ceo l ogy of the V i r g t r ~ j  a City c~trtidr:-lngle, Nevada:, U*Se 
GcoTogl cal Survey Bull e t j n ,  90k?-C, p, 115-77, 

Thompson, G, A . ,  and Sandbsrg,  C. W e ,  1958, Structural signjficance of gravtty 
surveys t n  the Virginia City - Mount Rose wex, Ncvada and California: 
Geological SscLety of America B u l l e t i n ,  Y, 69, p ,  1269-9282, 

Thompson, G ,  A,, and White, D, E,, 1964, Regional geology of the Steamboat 
S p r i n g s  area, Washoe Colrnty, Nevada: U,S, GeologLcxL Survey Professional 
Paper Y58-A, p, A I - A 5 2 .  

Todd, U ,  K., 4959, G3-ound--water hydrology: New York, John Wiley, 336 p ,  

U , S ,  Amy Csrvp3 o f  El?g"inees, 1972, Flood plain trrfior~~atictn, Steamboat Creek 
and "el bu-tari e s ,  Steamboat and Pleasant udalley:s, Ne"?~ada: Sac~amenko, 
Ca LiForni a, U,S, Army Corps of Eraginet:r-a, LFO p. 



U.S. Geo log ica l  Survey,  1963, Compilat ion of  r e c o r d s  o f  s u r f a c e  w a t e r s  of  t h e  
United S t a t e s ,  October  1950 t o  September 1960, P t .  10, t h e  Grea t  Basin:  
U.S. Geo log ica l  Survey Water-Supply Paper 1734, 318 p. 

U,S, S o i l  Conserva t ion  S e r v i c e ,  1968, S o i l s  of S a n t a  Cla ra  County: U.S. 
Department of  A g r i c u l t u r e ,  287 p. 

Wagner, R.  J . ,  and Nelson,  R.  E., 1961, S o i l  Survey o f  t h e  San Mateo a r e a ,  
C a l i f o r n i a :  U.S. S o i l  Conservat ion S e r v i c e  S e r i e s  1954, no. 13. 

Wal lace ,  R ,  E., 1968, Notes on s t ream channe l s  o f f s e t  by t h e  San Andreas 
f a u l t ,  s o u t h e r n  Coast  Ranges, C a l i f o r n i a ,  +& Dickinson,  W. R . ,  and 
Gran tz ,  A . ,  e d s . ,  Proceedings  of  confe rence  on geo log ic  problems of  t h e  
San Andreas f a u l t  system: S t a n f o r d  U n i v e r s i t y  P u b l i c a t i o n s ,  Geological  
S c i e n c e ,  v. 11, p. 6-21. 

Wenzel, L. K., 1942, Methods f o r  de te rmin ing  p e r m e a b i l i t y  of water-bear ing 
m a t e r i a l s ,  wi th  s p e c i a l  r e f e r e n c e  t o  d i scharg ing-wel l  methods,  wi th  a -- 
s e c t i o n  on D i r e c t  l a b o r a t o r y  methods and b i b l i o g r a p h y  an p e r m e a b i l i t y  and 
l aminar  f low by V. C. F i s h e l :  U.S. G e o l o g i c a l  Survey Water-Supply Paper 
889-A, 192 p ,  

White,  D. E.,  Thompson, G. A . ,  and Sandberg,  C. H.,  1964, Rocks, s t r u c t u r e ,  
and geo log ic  h i s t o r y  of  Steamboat S p r i n g s  the rmal  a r e a ,  Washoe County, 
Nevada: U.S. G e o l o g i c a l  Survey P r o f e s s i o n a l  Paper  458-13, p. By-B63. 

Whitebread,  D. H,, 1976, A l t e r a t i o n  and geochemis t ry  of  T e r t i a r y  v o l c a n i c  
r o c k s  i n  p a r t s  o f  t h e  V i r g i n i a  C i t y  q u a d r a n g l e ,  Nevada: U.S. Geolog ica l  
Survey P r o f e s s i o n a l  Paper 936, 43 p.  


