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IRuaternary) Alluvium, unconsolidated s i l t  t~ sand 
~ i r a  sediment. Locally may contain coarser cobbles 
derived f r o m  conglomerate i n  the bed r o c k .  

(Quaternary) Svmbol used on t h e  m a p  as a suffix t o  
the primary 1 ithalaqy dssigtiation too i n d i c a t e  t h a t  
an area i s  a Iandslide b l o c k  composed of a 
particular parent lithology. 

---------------- uncnnfarmity --------------------- 
( ( L a t e  Miocene) Basalt cinder deposit ahd t h i n  f l o w  
o f  limited extent .  Cinders are  red and form low 
autcrwps north uf Freee~out Lake. 

(Late  Miocene) Basalt at Sourdough Mountain: Resalt 
t o  basaltic andesite f o r m i n g  the cap nn Sourdaugh 
Plountain. Single flaw covering a minimum o f  49 k$ 
and extends into the Twin Springs and Hurley F l a t  
quadrangles. Up t o  35 m thick. Saurce area i s  
believed t o  be dikes, sills, and cindery deposits 
associated w i t h  characterized by shear planes along 
which vesicles have accumulated. 

(Late  Miocene) P o o r l y  exposed, basalt tephra 
dominated unit with var iab le  amounts o f  i n t e r b e d d a d  
siltstone and volcanic sandstone which immediately 
underlie the basal t  cap (Tbsm) o n  Sourdough 
Mountain. Up t o  20 m t h i c k .  The base of the unit is 
commonly a t  a narrow topographic b ~ n c h  t h a t  marks 
the unranformity a t  the t o p  o f  t h e  Grassy Mountain 
Farmation and the  top o f  t h e  basalt a t  Freereout 
Mountain. 

(La te  Miocene1 Basalt a t  Freezeout M o ~ n t ~ a i n  occurs 
as massive b a s a l t  flews within t h i n  scar la reoue  
f low-top breccia zones. Characterized b y  abundant 
(30 t o  40%) p l a t y  shaped plagloclase 
micraphenucrysts. Texturally similar t o  baealt which 
caps Freezeout Mountain in the Hurley Flat 
quadrangle .  

( L a t e  Miocene) Rasalt dikes that may be feeders for 
the  b a e a l t  at Freezeout Wauntaln. Intruded along 
northeast-strikinq fault 

---- angular unconf~rmitv ----- 



(Late Miocenel Basalt f l a w  up t o  8 rn t h i e k  and 
forming the uppermost cap on hills in t h e  
northeastern part o f  tho  quadrangle. Dark gray  t o  
b lack ,  wrakly veslculated, weakly phyric w i t h  
plagioclase and olivine phenorrysts. A widespread, 
intensely red baked zone up t o  2 m thick occurs a t  
the base o f  t h i s  f l o w .  

(Late Miocenel Valtaniclastic sediment including 
sandstone and siltstone deposited in lacustrine and 
fluvial environments. Channel sandstones conta in  
granule size lithic clasts. A vertebrated fossil 
locality has been located i n  a stronqly silicified 
channe l  sandstone. Indistinguishable! f r o m  Tsss i n  
the area west o f  Hoodoo Creek. 

(Late Miocene) Basalt f l o w  up t o  5 m t h i c k .  
Discant  inuour and pinches out against 
paleotopcgraphy. Park  gray t o  black,  weakly 
vesiculated, weakly phyr ic  with plagioelase and 
olivine microphsnoerysts~ P o o r l y  enposed where 
slopes are steep. 

i l a t e  Miocene) Gabbroic intrusion located 
immediately below f l o w  Tb4 i n  the northeastern p a r t  
o f  the quedrangle. Ranges f r o m  E t o  5 m t h i e k  and 
may occur as a single sill o r  s p l i t  i n t o  two s i l l s .  
Commonly immediatsly a t  t h e  base o f  the f l o w ,  but  
may be separated f rom the f l a w  by a t h i n  screen o f  
sediment. 

(Late Miocene) Basalt f l a w  o f  uncertain thickness. 
Occurs in the northwest p a r t  o f  the quadrangle and 
is invasive into sediment that is similar t o  T a s ~ .  
Intcnshly a1 tsred and irregular in morphology and 
thickness. Secondary minerals  are developed along 
low-angle fracture surfaces and around vesicles. 
Primary mineralogy includes plsgioclase mirralifes 
that are partially altered t o  c l a y .  



(Late Miocene) Voltanicl~stie sediment interbedded 
w i t h  basalt trphra deposits. Valcaniclastie sediment 
includ~e lacustrine and f l u v i r l  fscier. A l i g h t  p ink  
massive t o  laminated, tuffaceaus siltstone is the 
most distinctive widespread lithology and is up t o  
25 m th ick .  Sedimentary structures  are canristent 
w i t h  a lacustrine depositional evironment. Commonly 
Chr siltstone is overlain by basalt tephra. The 
taphra deposit is up t a  i E  t a  15 m t h i c k  and 
i n c l u d e s  e lower sequence o f  interbedded lacurtrine 
siltrtane and cindery basalt tophra. The middle 
sequence i s  charactoritad by planar bedded trphra 
and cross-bedded cindery trphra deposited ro surge 
drpasits. The upper sequence is chaotic, massive, 
unsorted material including rounded cobbles derived 
from the underlying Grassy Mountain Formatian. The 
upper sequmnce is interpreted as a debris f low 
d r p a r i t .  fippraxirnately 10 to 20 m o f  lacustrine and 
fluvial sediment overlies t h e  mudflow deposits. 

[Late Miocene) Basalt f l o w  occurring immediately 
above t h e  umonfurmity ~ 5 t h  the  underlying Grassy 
Mountain Formation i n  the northwestern p a r t  o f  the 
quadrangle, but occurring abovm volraniclastic 
sedimentary deposits ( fssl  1 in the northeast. 
f h  icknesa is var f ob le due t o  prleotopagraphy and 
ranges f r o m  S t o  30 m. Pork gray t o  black  and 
contain crude columns where interior zone i s  poorly 
e~pased producing an outcrop pattern that suggests 
two separate f laws. 

(Late Miocene) Interbeddcd basalt tephra, rhyolite 
ash and pumice deposits, and fluvfal and lrcustrinr 
volcaniclaotic sediment. Rhyolitic ash and pumice 
deposits, and fluvial and lacustrine valcanielastic 
redimant, Rhyolitic ash and pumice d e p o s i t s  were 
partially eroded befare the eruption nf flaw Tb2. 
Locally this unit lies unconforrnably over t h e  Grassy 
Mountain Farmation. 

( L a t e  Miocene) Basalt flow occurring imrned5ataly 
above the unconformity with the underlying Grassy 
Mountain Formation along the northeastern odgs af 
the quadrangle. locally, underlain by silicified 
rhyolltic t r p h r r  which occurs between the base o f  
the flow and t h e  unconformity. 



(Late  Miocene) Brassy Mountain Basalt f o r m i n g  a cap 
that  extends east and northeast i n t o  the Grassy 
Mountain quadrangle (Ferns and Ramp, 1989). Whether 
the Grassy Mountain Basalt i s  the upper unit o f  the 
Grassy Mauntain Formation i s  questionable an t h e  
basis  o f  mapping i n  the summer of 1990. The Brassy 
Mountain Basalt i s  potentially the same age as the 
bass1 ts  interbedded with volcaniclast it ssd iment and 
tephra in the northern p a r t  of the quadrangle and 
t h r t  overlie t h e  uneonfarmity at the top o f  the 
Grassy Mountain Fcrmation. U n i t  Tbtgm thrt  
immediately underlies t h e  basalt i s  n o t  t yp ica l  
deposits o f  t h e  Brassy Mountain Fcrmation, but i s  
much morp similar to  deposits in the northern p a r t  
o f  the quadrangle. If t h i s  is so, t h e  Grassy 
Mountain Formation was probably deposited between 
13.8 m.y. (date o f  KBT f r o m  personal communicsti~n, 
second hand f rom Mark f e r n s ,  DOOfiMI) and probably 12 
m , y ,  A potentially prolonged p e r i o d  of eraeian and 
weathering fo 1 lowed and developed the unconformi t y  
and paleosol a t  the top o f  the Brassy Mountain 
Formation. The volcanic and volcaniclastic sequence 
of which the Grassy Mountain Basalt i s  a p a r t  is 
probably 10 t o  11 m.m. and is consistent with the 
10.4 m.y. date of Hart (1981) f o r  thr  Brassy 
Mountain Basalt. 

(Late Miocene) Tephra deposits and interbedded 
valcaniclastic sediment are potentially 25 rn t h i c k  
and immediately underlie the Brassy Mountain Basalt. 
Upper part  is moderately baked by the Grassy 
Mountain Basalt and f e  composed o f  basalt cindery 
lapilli which becomes less prominent downward. 
Poorly e~posed and lithology was determined by 
trenching. Root  seats suggest palrosols occur in 
siltstone layers and that  the unit is more 
lacustrine and fluvial downward. Mica does n o t  
appear to be present as a detrital mineral. 



Grassy Mountain Formatian 

(Hiddle-Late Miocene) Sedimentary deposits t h a t  are 
interlayered w i t h  tephra deposits and f l o w s  from 
locally basalt centers.  Sedimentary deposits inrlude 
t h e  follnwing facies: channel facies, flood p l a i n  
facies, and volcanicla%tic facies, Channel facies is 
characterized b y  coarse-grained sand t o  coarse 
conglnmerate. Conglomerate clasts are well rounded 
and up t a  12 cm in diameter. Claste include 
amphibole-biotite gneiss, granite, granite 
pegmatite, f e l d s p a r  porphyry, flow-banded rhyol~te, 
obsidian, glassy rhyolite doma rocks,  and s i l i c a  
sfnter. The obsidian, glassy rhyolite dome r o c k s ,  
and some af t h e  f law banded rhyolite are present 
west of  the eruptive center for the Kern Basin T u f f .  
Can Canqlomcrate clasts are orange-brown where they 
occur at  t h e  unconformity  that forms the top of  the 
Grassy Mountain Farmation. Channel facie5 also 
include cross-bedded, medium t o  coarse-grained 
sandstone Interbedded with o r  without conglomerate 
lenses. Petrital muscovite and biotite are  
charactaristfc minerals. Flood p l a i n  facies inc lude  
s i l  t s t o n e ,  f in@-grained sandotane, organic-r ith 
layers up t o  30 cm t h i c k ,  fossil ifernus s i l t s t o l ~ e ,  
and claystone. Thin ash deposits up t o  2 c m  t h i c k  
are present in t h i s  facies. Well-rooted paleasols 
are common. Volcaniclaetic facias var ies  in 
character and degree o f  development. Best exposures 
are  near the western edge o f  the qundrar~gle along 
kloodoo Creek  and in H~adocl Creek Canyon. Dominated 
by volcanic detritus and general1 y lacking in  
rounded quartz, feldspar, biotite and muscov i te  
grains. Fine-grained pumice is locally present. 

(Middle-Late Miocene) Wildcat Crcek t e ~ h r a  depos i t  
and erupti~e center is located a long  Wildcat C r e e k  
and produced tephra t h a t  is intarbedded w i t h  the  
flood-plain and channel facies o f  uni t  Tss, Massive 
t o  well-bedded tephra deposits w i t h  surge-style 
cross bedding. Cinder content IS relatively high.  

(Middle-Late Miocene) Hoodoo Creek tephra deposit 
and eruptive center i s  located along Hoodoo C r e e k  
near the northern edge of the quadrangle. Apparently 
formed a tapographic 
high  t h a t  strongly controlled the distribution of 
facie5 in t h e  Tss u n i t .  Directly overlain by  light 
colored siltstone o f  unlt f5s2. Palagonite and 
c i n d e r y  plagionits range from well bedded t o  
massive. Accidental inclusions o f  basa l t  up tn 12 crn 
In diameter ere common. Stratigraphically hiqher 
deposits e r e  more cindery than palagonitic. 



(Middle-Late Miocene) Intrusfuns i n t o  the Hoodao 
Creek eruptive canter located along Hoodoo C r e e k - .  
Intrusions are dense, b l a c k ,  columnar jointed 
basalt. Creek bed o f  Hoedao Creek is locally 
controlled by tho dfstributfan o f  intrusions. 

(Middle-Late Miocene) Negro Rock tephra and eruptive 
center is located at Negro Rock. Massive to 
massively bedded palagonfte w i t h  accidental 
inclusinns of basalt to  crudely bedded palagunite 
with scoriaceuu~ basalt rlasts within the proximal 
t o  the source crater. Upward and a t  intermediate and 
distal settings, the tephra becomes planar-bedded - - 
cinder deposits. . 

[-r (Hiddle-Late Miocene) Basalt o f  Negro Rock is a flaw 
.F.' 4- . 

unit up t o  3 m thick that  overlies the tephra 
deposits in distal and intermediate settings. 
Distr i b u t  ion indicates Negro Rock is the source ,  but 
thfa vent for  t h e  eruption is n o t  known. In sec. 26, 
T. 2 1  S. ,  R .  43 E. t h e  basalt flow overlies 
pepperite deposi ts  tha t  lie between t h e  bas@ of the 
basalt f low and the top a f  well-bedded cindery 
tephra o f  T tnr .  The pepperite includes clasts of 
well-rounded stream cobbles and sand similar t o  
deposits o f  the channel facfer  o f  unit Tss. 
Interpreted t o  be a stream channel that became 
established after eruption o f  the tephra and was 
subsequently d e s t r o y e d  by t h e  eruption of t h e  
basalt. Indicates a time gap between tephra eruption 
I T t n r  ) and basal t (Tbnr 1 erupt1 on. 

(Middle-Late Pliocene) Basalt intrusions and breccias 
o f  the Negro rock center. The tall spires and 
columns tha t  form Negro Rock include massive, 
crudely columnar jointed b a s a l t  and massive and 
complex basalt cinder and cinder blocks.  

(Middle-Late Miocene) Palrqonite deposits associated 
w i t h  erupt ive  canter at h i l l  marked by elevation 
33E8. Palaganitr deposits are proximal deposi ts  
characterized by massive t o  massively bedded 
palsgonite with accidental inclusions o f  basalt and 
basalt scoria. Directly overlain by fine- to medium- 
grained sandstone o f  the channel and f lood-plain 
facfes o f  unit T r s .  

( M ' f d d l r - ~ a t t  Miocene) Basalt intrusions into 
pleglonlte deposits at h i l l  noted by elevation 3328. 
Dikes are columnar jointed and irregular i n  shape 
and orientation. 



(Middle-Late Wiacenrl Dacite t u f f  o f  Kern Barin or  
the Kern Basin Tuff. Hornblende, b i o t i t e ,  
plsgioclaas, and quartz phanocrysts are 
characteristic of pumicr f r o m  th is  center. A t  least 
four different tuffs are included in fhe unite. 
Large blocks  of 1 n in diameter o f  flow-banded 
rhyolite, and hornblende-biotite gray glassy dacite 
occur locally and are interpreted as prontnal t o  
vent. Surpr bedding i s  presenting deposits expored 
fn Bourdough Canyon. Distribution o f  lithie clist 

and pumice indicqtes vents are near the 
eastern adgr o f  the quadrangle arhd tbaf t h e  source 
may b m  a omrim of ven ts  wlongato along a north- 
trending structure. @krongly altered Kmrn Pasin Tuff 
occurs along the eastern edge o f  the quadrangle in 
sec. 6 ,  T. f19 S., R. 44 E. 

( M i d d l e - k t r  fliocrrm) Vent brmccir for t h e  vent 
complex of the Kern Basin Tuff Lacrted i n  sec. 7 ,  T. 
E2 S. ,  I?. 43 E. Forms a ring pattwrn on t h e  
southweat flank o f  rhyolite flows and domes that may 
bm oldor than the vent. The vent is intruded by a 
dacitr dome. B i l i c i f i e d  hY opallne si l ica.  

(Mtddle-Late Miocmr . )  Flow-bmdd rhyof9tw f ' l m w s  and 
domes lacatrd i n  sac. 7 ,  T. eZ! S., R. 43 Em Believed 
t o  be on# cf the source areas Tmr the Kern Basin 
Tuff, Rphyric t a  hurn blrndr-bfoti tc porphyry. 
Strongly to weakly f l a w  banded. 

Peer Butte Formation 

(Middle Pliocmne) Sfltrtane knd claystone o f  t h r  
sequence a f  Oxbow Basin o f  &)re beer Butte Formatinn. 
Poorly a~posed &long t h e  coursa o f  Twin Springs 
Creek. 

{Middle Miocene) Basalt intrusions s f  uncertain age, 
Probably mast wera emplaced during or after t h e  
deposition of the basalts and interbedded volcanic 
and vuleanfelrsitic deposits labeled Tbl-5, Tss 1-3, 
Tbgm and Tbtgm. 
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