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A TRANSECT OF THE NORTHERN SIERRA ALONG THE NORTH WBA RIVER 

R.A. Schweickert, Mackay School of Mines, Universi ty of Nevada, 
Reno, NV 89557, and R.E. Hanson, Lamont-Doherty Geological Ob- 
servatory of Columbia Universi ty,  Pal isades ,  NY l O 9 @  

The northern S i e r r a  Nevada contains some of the b e s t  preserved 
sequences of Paleozoic and Mesozoic sedimentary and volcanic rocks 
of island- arc a f f i n i t y  i n  the  western U.S. Many questions concern- 
ing s i t e ( s )  o r  l o c a t i o n ( s )  of o r i g i n  of these sequences w i t h  re-  
spect t o  cont inental  North  America a r e  s t i l l  unresolved, but pub- 
l ished s tudies  and s tud ies  s t i l l  i n  progress a re  beginning t o  place 
cons t ra in t s  on t ec ton ic  environments, deposi t ional  s e t t i n g s ,  and 
sources of d e t r i t u s  of many of the sedimentary units, and nature  
and mode(s) of volcanism of the volcanic u n i t s .  

t o  be studied along the  North Yuba River t r ansec t ,  and ou t l ines  
t h e i r  s t r u c t u r a l  r e l a t i o n s .  
questions concerning regional  r e l a t i o n s  of these rocks, will be 
discussed on the f i e l d  t r i p .  

northern Sier ra  can be subdivided i n t o  t w o  pr inc ipa l  t e r ranes  sep- 
arated by a major serpentine- belt  f a u l t  (see Fig. 1 ) .  The more 
westerly t e r rane ,  cons is t ing  of a v a s t ,  s t r u c t u r a l l y  complex col-  
lage of Upper Paleozoic and Mesozoic sedimentary and volcanic rocks 
and s l i c e s  of ul t ramafic  rocks w i l l  not  be d e a l t  w i t h  d i r e c t l y  on 
this f i e l d  t r i p ,  although we w i l l  d r ive  through some of these rocks 
on Saturday morning before a r r i v i n g  a t  our  first s top.  T h i s  t e r-  
rane probably contains  scraps of i s l and  a r c s  and chaot ic  subduction 
complexes as young as e a r l y  Mesozoic age. 
these rocks,  see Hietanen (1973, 1976, 1981). 

zone, i s  an important t ec ton ic  boundary, as it i s  marked by s l i c e s  
of Paleozoic ul t ramafic  rocks and, l o c a l l y ,  by s l i c e s  of metamorphic 
rocks, some ind ica t ive  of b luesch i s t  f a c i e s .  Our first  two s tops 
w i l l  be within the  Melones f a u l t  zone, where we w i l l  examine u l t r a-  
mafic rocks and b luesch i s t s  (see Fig. 3 ) .  Although the d e t a i l s  a r e  
fa r  from clear, the rocks of the Melones fault zone (and por t ions  

This b r i e f  sec t ion  aims only a t  introducing the  p r inc ipa l  units 

Many d e t a i l s ,  and most of the broader 

Along the f i e l d  t r i p  route  following the  North Yuba River, the  

For descr ip t ions  of 

The dividing f a u l t  zone, genera l ly  c a l l e d  the Melones f a u l t  
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m tj Plutonic rocks of Sierra Nevada batholith 
TERRANES WEST OF MELONES FAULT ZONE 

Mesozoic island arc sequence 

Paleozoic and Mesozoic rocks of north- 
western Sierro 

TERRANES EAST OF MELONES FAULT ZONE 

a Mesozoic Andean arc sequence and related 
rocks 
Upper Paleozoic ( 7 )  Calaveras Complex 

0 Lower Paleozoic Shoo Fly Complex and 
Upper Paleozoic volcanic rocks 

121' 120" 

Figure 1. Tectonic sketch map of 
the northern and western Sierra Ne- 
vada showing the extent of the Me- 
lones fault zone and the region along 
the North Fork Yuba River discussed 
here. N.F.: North Fork Yuba River: 
unpatterned area along Melones 
fault i s  belt in which blueschist rocks 
OCcur. 

f r o m  Schwe icke r t  and others, 1900 
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of the te r rane  t o  t he  west) probably represent  p a r t  of an e a r l y  
Mesozoic subduction complex developed along o r  near what w a s  then 
the  western edge of North America. Rocks of a coeval early Meso- 
zoic arc occur along the  ea s t e rn  f l ank  of the  S ier ra  Nevada and 
i n  western Nevada, 

The ea s t e rn  t e r r ane  of Paleozoic rocks has been labe l led  the  
llPlumasl' t e r rane  by Churkin and Eberlein (1977) and the  "Northern 
S ie r ra"  te r rane  by Blake and others  (1982). The l a t t e r  name will 
be used here. 

ment complex, known as the  Shoo Fly Complex, which i s  unconformably 
over la in  by Devonian and younger rocks t h a t  comprise two d i s t i n c t  
Paleozoic island- arc sequences. 

The Northern S i e r r a  t e r r ane  cons i s t s  of a metasedimentary base- 

Shoo Fly Complex 

Recent mapping by Schweickert i n  the  North Yuba River drainage 
(Map 1B) ind i ca t e s  that the  Shoo F ly  cons i s t s  o f  an imbricate stack 
of t h r u s t  sheets which were emplaced p r i o r  t o  the L a t e  Devonian. 
These are  outl ined below, from lowes t  t o  uppermost. 

Lang-Halsted Uni t ,  lowest and westernmost (Fig. 2,  Maps 1A and 
lB), i s  the  most  areal ly extensive un i t .  It cons i s t s  of polyphase 
deformed p h y l l i t e  and quartzose sandstone w i t h  cher t  and r a r e  mar- 
ble .  Ea r l i e s t  s t r u c t u r e s  are pre-Late Devonian; second s t ruc tu re s  
a re  probably Late Jurass ic  i n  age. In t e rna l  s t ra t ig raphy  i s  un- 
known, but  l o c a l l y  preserved sedimentary f ea tu re s  and the oye ra l l  
l i t h i c  succession suggest the  o r ig ina l  deposi t ional  environment may 
have been con t inen ta l  r i s e  and/or slope. The quartzose sandstones, 
although poorly sor ted ,  imply cont inenta l  der ivat ion.  Stops 3 and 
4 a re  i n  the  Lang-Halsted u n i t  (see  Map 1A). 

Culbertson Lake allochthon, t h rus t  over the  Lang-Halsted u n i t  
(Fig. 2 ,  Map lB), cons i s t s  of severa l  s t r a t i g r a p h i c a l l y  i n t a c t  
u n i t s  tha t  correspond c lo se ly  w i t h  rocks i n  this al lochthon near 
Bowman Lake (Gi r ty  and Schweickert, i n  p ress ) .  The lowest u n i t  
cons i s t s  of  greenstone and limestone of the  Bullpen Lake sequence 
(Map lB) ,  which i s  depos i t iona l ly  over la in  by a p e r s i s t e n t  cher t  
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Figure 2. General ized map of the  S i erra  Buttes-Bowman Lake 
region, nodified from Schweickert (1981). Mapping by 
Schweickert, Hanson, Cirty, and Bond, 1973-82. Area south 
of 1-80 from Harwood (in press). Held trip stops will be 
along the North Yuba River in the vicinity of Downieville 
and Sierra City. 
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un i t  t ha t  i s  i n  t u r n  over la in  by a th i ck  sandstone un i t .  
stone u n i t ,  p a r t  of the  Poison Canyon Fm,, i s  characterized by 
quartzose and fe ldspa th ic  sandstones and s l a t e s  of poss ible  midfan 
deposi t ional  f ac i e s .  The u n i t  may approach 1 km i n  thickness.  
Another cher t  horizon separa tes  this u n i t  f rom a higher sandstone 
u n i t ,  the  Red H i l l  Fm., which i s  character ized by quartzose sand- 
stones and s l a t e s ,  again of probable midfan f a c i e s  (Gir ty  and 
Schweickert, i n  p ress ) .  This  u n i t  a l s o  may be about 1 km thick.  
The Red H i l l  Fm. i s  over la in  by a cher t  horizon that  i n  t u rn  i s  
succeeded by an unnamed s i l t s t o n e  u n i t  that may have a tuffaceous 
component. Unident i f iable  r ad io l a r i ans  and sponge spicules  occur 
i n  c h e r t s  i n  the  Culbertson Lake allochthon. 

This sand- 

S i e r r a  City Melange i s  an extensive chaot ic  u n i t  t h r u s t  over 
the Culbertson Lake al lochthon (Fig. 2 ,  Map 1B). It contains l enses  
of sheared se rpen t in i t e ,  gabbro, pillowed and massive basalt, ribbon 
cher t ,  and small blocks of dolomite i n  a matrix of  sheared s l a t e ,  
sandstone, and che r t  . Sandstones within the melange contain vol- 
canic and cher t  fragments as framework g ra ins  i n  add i t ion  t o  quartz 
and fe ldspar .  Stops 6 and 7 w i l l  be i n  rocks of the Sierra Ci ty  
melange . 

The e n t i r e  Shoo Fly s t r u c t u r a l  s tack was assembled and eroded 
p r i o r  t o  the  deposi t ion of rocks of the overlying Paleozoic volcanic 
sequence. The Shoo F ly  can be in t e rp re t ed  as  representing p a r t  of 
a pre-Devonian subduction complex (S i e r r a  Ci ty  melange) which has 
incorporated la rge  slabs of sediment from continentally- derived 
deep-sea fans (Culbertson Lake a l lochthon)  and which u l t imate ly  
scraped up and incorporated p a r t  of a con t inen ta l  slope and r i s e  
assemblage as the  subduction complex approached a cont inenta l  m a r-  
gin. 

Paleozoic arc sequence 

The Paleozoic volcanic sequence c o n s i s t s  of the  following u n i t s ,  
from o ldes t  t o  youngest: 

Grizzly Fm., 0 t o  about 300 m of coarse conglomerate, sandstone, 
and s i l i c eous  a r g i l l i t e  o f  L a t e  Devonian (Frasnian) age. Contains 
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much Shoo Fly d e t r i t u s  and f i l l s  i n  r e l i e f  on the  basal unconfor- 
mity. T h i s  u n i t  does not crop out on t h e  f i e l d  t r i p  route .  

S i e r r a  Buttes Fm., up t o  1.5 h of dominantly r h y o l i t i c  t o  d a-  
c i t i c  t u f f ,  tuff- breccia ,  and ash f lows ,  with p e r s i s t e n t  black 
phosphatic cher t  interbeds.  
s ive  hypabyssal i n t r u s i v e  complexes, cons is t ing  both  of a n d e s i t i c  
and r h y o l i t i c  t o  dac i t i c  material (Map 1B). These i n t r u s i v e  masses 
invaded a t h i c k  s e c t i o n  of water-rich sediments and developed spec- 
t a c u l a r  pil low-hyaloclastic complexes (Hanson and Schweickert, un- 
pub. da ta ) .  F o s s i l s  near top  and base i n d i c a t e  e n t i r e  sec t ion  
formed during Frasnian and Famennian s tages  of Late Devonian. 
Rocks poorly exposed on f i e l d  t r i p  route ,  but  discussed a t  Stops 
8 and 10, 

Much of sec t ion  i s  i n f l a t e d  by exten- 

Taylor Fm. ,  0 t o  over 3 km of a n d e s i t i c  tuff- breccia ,  d e b r i s  
f l o w s ,  t u f f s ,  and p i l low lavas. Poorly s t r a t i f i ed .  Does not  ex- 
tend south of Middle Yuba River but  very t h i c k  near Gold Lake (Map 
1B). Rocks of t h e  Taylor Fm. w i l l  be examined on Sunday. 

Peale Fm., about 100 m of rhythmic r a d i o l a r i a n  che r t  .which con- 
formably over l i e s  Taylor Fm. S i g n i f i e s  nea r ly  t o t a l  absence of 
volcanic a c t i v i t y  over a long pa r t  of Carboniferous time. H a s  
yielded f o s s i l s  ranging from lower Mississippian t o  lower Pennsyl- 
vanian age (Harwood, i n  press) .  A t  Stop 9 we w i l l  examine roadcuts  
of Peale rocks. 

Goodhue Greenstone, 0 t o  1 h u  of a n d e s i t i c  and basaltic lava 
and breccia. Apparently o v e r l i e s  Peale conformably. F i r s t  ex- 
pression of l a t e  Paleozoic arc a c t i v i t y .  No f o s s i l s .  Not exposed 
on f i e l d  t r i p  rou te ,  but  v i s i b l e  i n  c l i f f s  e a s t  of Hwy. 49. 

Reeve Fm.,  70 t o  1000 m of a n d e s i t i c  breccia, tuffs, and flows. 
Contains d i s t i n c t i v e  i n t r u s i o n s  of p lagioc lase  megacryst porphpy.  
Conformably over l i e  s Goodhue and disconformably o v e r l i e s  Peale 
south of North Yuba River. Lower Permian f o s s i l s .  Not exposed 
on f i e l d  t r i p  route .  

Unnamed t u f f s ,  1 to 3 la of f ine ,  tuffaceous s i l t s t o n e  and 
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sandstone with interbeds of coarse volcanic breccia and debris 
f lows.  
(? )  limestone east of Bowman Lake. 

Presumed t o  be Fermian because overlain by Upper Triassic 

Notes on Structure 

A l l  units, f r o m  Shoo Fly to Permian (and even Jurassic) volcanic 
rocks, contain a northwest-trending slaty cleavage and associated 
minor folds which developed during the Late Jurassic Nevadan oro- 
geny. 
that typically trend about NlOJtOE. 

Devonian deformation. 
conformity. 
the  Devonian (? )  Bowman Lake batholith. 
thon rarely contains penetrative early cleavages, but it does con- 
tain pre-Devonian folds. 
predates the late Devonian unconformity. 

They also contain late-phase Nevadan f o l d s  and cleavages 

The Shoo Fly, however, contains abundant evidence of pre-Late 
Thrust faults predate the late Devonian un- 

Folds  and early cleavages in Lang-Halsted unit predate 
The Culbertson Lake alloch- 

Chaotic mixing of the Sierra City melange 
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Road Log (Refer t o  Fig. 3 ,  Maps 1A and 1B) 

CUMULATIVE 
MILEAGE 

0.0 

0.7 

1.9 

5.4 

C a l i f .  Hwy. 49 a t  U.S.F.S. Indian Valley campground, 
near the  SW corner of t he  Downieville 15' quadrangle. 
Head eastward a t  8:30 AM. 
u n t i l  ou r  first s top,  we t r ave r se  rocks mapped and 
described by Hietanen (1981, U.S.G.S. -of. Paper 
1226A), The campground i s  located within a small 
quartz d i o r i t e  p luton of probable Jurass ic  o r  Creta- 
ceous age. 

F i r s t  roadcuts of Triassic (? )  p h y l l i t e  and metachert 
u n i t  (Trms of Hietanen, 198l),  invaded by d ikes  of 
quartz d i o r i t e .  
a r g i l l i t e .  

For the  f irst  7.0 miles, 

Rocks here a r e  mainly black s i l i c eous  

A t  sharp bend i n  road, we pass through a tongue of 
Franklin Canyon Fm., Permian ( ? )  t o  Triassic (? )  meta- 
andesi te .  We quickly pass back i n t o  Trms unit .  

Convict F l a t  p icn ic  area.  

Pass through another tongue of Franklin Canyon Fm. 

We've crossed the  Dogwood Peak f a u l t ,  and are  back in 
more Trms.  A t  mile 5.0, the  rocks are  chaot ic  black 
a r g i l l i t e ,  containing s l abs  and pieces  of cher t  beds. 
The rocks could be ca l l ed  "diamict i te"  . 
A t  turnoff  t o  Ramshorn campground, we c ros s  Ramshorn 
f a u l t  zone, marked i n  canyon nor th  of Hwy. 49 by ex- 
c e l l e n t  exposures of sheared se rpen t in i t e  with folded 
shear f a b r i c s ,  East of Ramshorn f a u l t  a r e  greenschis ts  
i n f e r r ed  by Hietanen t o  be of l a t e  Paleozoic age. These 
a r e  well  exposed a t  mile 6.3. Greenschists a r e  succeed- 
t o  e a s t  by p h y l l i t e ,  a l s o  of supposed l a t e  Paleozoic age. 
Good roadcuts  occur a t  mile 6.8 on l e f t .  This unit ex- 
tends  t o  Goodyear B a r  t u rno f f ,  o u r  f i rst  stop. 
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7.1' STOP 1 (Fig. 3, Map 1A) 

The t r i p  o f f i c i a l l y  begins here a t  9 AM. The long roadcuts 
provide exce l l en t  examples of sheared s e r p e n t i a i t e  t h a t  marks 
the  western edge of the Melones f a u l t  zone (here ca l led  the  
Goodyears Creek f a u l t  by Hietanen, 1981). I n  f a c t ,  these rocks 
typ i fy  the  s t r u c t u r a l  condit ion of ul t ramafic  rocks i n  many 
f a u l t  zones within  the  Sierra Nevada metamorphic b e l t .  Much 
of  the outcrop i s  characterized by a near ly  penet ra t ive  shear- 
f r a c t u r e  f a b r i c  which i s  s t a t i s t i c a l l y  subpara l le l  with the  
w a l l s  of the  f a u l t  zone. In  many cases ,  the  shear f a b r i c  i s  
folded,  and axial sur faces  of minor f o l d s  a r e  subpara l le l  t o  
the  shear f o l i a t i o n .  Possibly the shear f a b r i c  and f o l d s  a re  ' 

all r e l a t e d  t o  a s ing le ,  protracted period of shear s t r a i n .  
Occasionally, the  shear f a b r i c  diverges around polished 

res idual  blocks of serpentinized p e r i d o t i t e ,  and these provide 
evidence t h a t  duni te  w a s  the p r o t o l i t h  of the ultramafic rocks 
exposed here . 
l i t e  within the sheared serpent in i te .  The rocks i n  t h i s  s l i c e  
most c lose ly  resemble black a r g i l l i t e  west of Goodyears Creek; 
this may thus  be a s l i c e  of the footwal l  of the f a u l t  zone. 

t o  t raverse  metasedimentary and metavolcanic rocks,  l o c a l l y  
with b lueschis t  assemblages, described by Schweickert and 
o thers  (1980) and Hietanen (1981); see Figure 3. 

Walking e a s t ,  no te  a s l i c e  of black,  p y r i t i c ,  s l a t y  a r g i l -  

Return t o  cars .  Driving eastward from here ,  we w i l l  begin 

7.6 F i r s t  roadcuts of metasedimentary rocks within the  f a u l t  zone. 
These are  enclosed i n  greenstones t h a t  only r a r e l y  contain  
blueschi st mineral s . 

7.8- Metabasaltic brecc ia ,  bounded on e a s t  by an i n t e r n a l  f a u l t  
709 zone marked. by sheared serpent in i te .  

7.9- Chiefly metasedimentary rocks are exposed along here ,  w i t h  
9.3 sparse l enses  of metabasalt ic breccia.  The metasediments 

are mainly quartz-muscovite p h y l l i t e ,  w i t h  occasional blue 
amphibole and l awson i t e ,  and probably represent  deformed 
and metamorphosed che r t  and shale. 
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9.3 ib t e r ing  a la rge  mass of metabasal t ic  breccia  i n  which 
w e  w i l l  make o u r  second s top ,  

9.4 STOP 2 (Fig.  3 ,  Map 1 A )  

Rosassco Ravine. Pul l  off  on r i g h t  s ide  of road ,  i f  possi-  
ble.  PLEASE BE CAREFUL OF TRAFFIC AT ALL TIMES! T h i s  i s  l o-  
c a l i t y  238 of Schweickert and o the r s  (1980). Walk eastward 
along roadcuts  t o  observe basal t ic  breccia  and in te r layered  
(and infolded)  quartz-muscovite p h y l l i t e  (metachert).  Also 
note b i z a r r e  disharmonic fo ld ing  of layer ing i n  phy l l i t e .  
There a re  a t  l e a s t  t w o  v i s i b l e  generat ions of i s o c l i n a l  f o l d s  
and two o r  more generat ions of l a t e r  f o l d s  i n  these  rocks. 
A s  noted by Schweickert and o the r s  (1980), deformation of 
these  rocks w a s  s t rongly  inhomogeneous; only the  quartz-mus- 
covi te  p h y l l i t e  shows evidence of a l l  phases of deformation. 
In  con t r a s t ,  the  b a s a l t i c  breccia  scarcely  shows any penetra- 
t i v e  f a b r i c  whatsoever, Yet the  two rock types  a r e  c l e a r l y  
infolded,  e spec i a l l y  i n  second-generation fo lds .  

Relat ionships between metamorphic minerals and s t r u c t u r a l  
f ab r i c s :  (See Schweickert and o thers ,  1980, p. 29-30.) 
Petrographic and s t r u c t u r a l  s t ud i e s  of the  metamorphic rocks 
ind ica te  t ha t  c r y s t a l l i z a t i o n  of b luesch is t  minerals occurred 
before a "main phase" i s o c l i n a l  fo lding event (here ca l led  D2) 
and poss ibly  accompanied an e a r l i e r  deformational event (per- 
haps represented by e a r l i e r  v i s i b l e  i s o c l i n e s  i n  outcrop). 
Most rocks have suffered re t rograde metamorphism and now con- 
t a i n  ch lo r i t e .  Typical prograde mineral assemblages o r ig i-  
n a l l y  were as fo l l ows :  
guartz-muscovite p h y l l i t e :  quartz+muscovite+albite+sphene+ - - - - 
glaucophane+lawsonite. - 
metavolcanic rocks: 
Basaltic l ava  and lava  fragments: albite+epidote+leucoxene. 
Fracture fillings and matrix between fragments: c ros s i t e+  
lawsonite +prehnit  e . 
Hietanen (1981) reported the  presence of pumpellyite i n  ad- 
d i t i o n  t o  the  above minerals,  
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r a r e  metaclas t ic  rocks: quartz+glaucophane+lawsonite+albite 
+muscovite. 
The "main phase" i s o c l i n a l  fo lding r e su l t ed  i n  bent ,  broken, 
and rota ted  g ra in s  of muscovite, c h l o r i t e ,  blue amphibole, 
and lawsonite. There appears t o  have been very l i t t l e  growth 
of minerals during D2. Quartz+albi te+calc i te  - v e i n l e t s  formed 
p a r a l l e l  t o  S2 and are crumpled by l a t e r  f o l d s  (F ). 

Later  f o l d s  crenula te  o r  crumple S2 layer ing and a r e  ex- 
tremely disharmonic. Stilpnomelane general ly  grew p a r a l l e l  
t o  S c renula t ion  cleavages. Late a l b i t e  porphyroblasts lo- 

3 

3 
c a l l y  grew across  a l l  p reex is t ing  s t r u c t u r e s  (S2 ,  veins ,  s3) 

K-Ar geochronology 
I n  view of the  complex h i s t o r y  of post-metamorphic deforma- 
t i o n ,  the K-Ar ages reported by Schweickert and o the r s  (1980) 
can only be considered minimum ages f o r  metamorphism. These 
r e s u l t s ,  b o t h  on muscovite concentra tes  and on whole-rock sam- 
p l e s ,  suggest that  the  b luesch is t  metamorphic event w a s  pre- 
174 m.y.a. (mid Ju ra s s i c )  and poss ib ly  pre-190 m.y.a. Later  
deformations l i k e  I) e tc .  probably were post-174 m.y.a., and 
have been r e l a t e d  t o  the  Late Ju ra s s i c  Nevadan orogeny, 

3' 

Return t o  c a r s  and proceed eastward, 

9.5 Roadcuts o f  highly contorted quartz-muscovite phy l l i t e .  

10.0 Another m a s s  of b a s a l t i c  breccia  on the  l e f t .  

10.1 Coyoteville. 

10.6 Good exposure of quartz-muscovite p h y l l i t e  a t  sharp lef thand 
bend i n  road. Good view of  Downieville ahead, a t  the  conflu- 
ence of the Downie and North Yuba Rivers. 

10.7 Columnar-jointed Te r t i a ry  andesi te  i n t ru s ion  on the  l e f t .  

10.9 Downieville c i t y  l i m i t .  Outcrops of melange-like metasedi- 
mentary rocks i n  roadcut on l e f t .  Downieville i s  cu r r en t ly  
the  center  of a vigorous gold-mining indus t ry ,  w i t h  consider- 
able p lacer  mining along the  Downie River and i t s  t r i b u t a r-  
ies north of  town, and a long  the North Yuba between here and 

S ie r r a  Ci ty ,  12 m i l e s  e a s t .  
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11.0 A t  i n t e r sec t ion  i n  the  middle of town, t u rn  r i g h t  and f o l -  
l o w  Hwy. 49 across  the Downie River (CAUTION: 
BRIDGE!). 
t h a t  marks the  e a s t  edge of the Melones f a u l t  zone, accord- 
ing  t o  Hietanen (1981). 
15.6 miles we w i l l  be t ravers ing  the  lower Paleozoic Shoo 
Fly Complex (Maps 1A and l B ) ,  which makes up the  metasedi- 
mentary basement beneath two Paleozoic volcanic asc se- 
quences, one Late Devonian t o  Mississippian, the  o ther  Late 
Pennsylvanian ( ? )  t o  Permian, 

ONE-LANE 
We a r e  now d r iv ing  approximately on the  fault 

From here eastward f o r  the  next 

11.1 F i r s t  roadcut s of Shoo Fly phy l l i t e .  

12.2 STOP 2 (Map 1s) 

On south- trending s t r e t c h  of road,  CAREFULLY PULL OFF and 
park on l e f t  ( e a s t )  side of road, Ahead i s  a b l ind  curve, 
so please LISTEN AND WATCH FOR TRAFFIC before attempting t o  
cross  highway. 
ing f o r  s t r u c t u r e  i n  the  western, s t r u c t u r a l l y  lowest part  
of the Shoo F l y  Complex a t  t h i s  l a t i t u d e  (Lang-Halsted unit,). 
Walk down t o  r i v e r  and examine polished outcrops next t o  ri- 
ver.  The obvious, t i g h t ,  north-plunging f o l d s  deform l i t h o-  
log ic  layer ing i n  s i l i c e o u s  p h y l l i t e .  
metry when viewed down-plunge. 
t h a t  an e a r l y  cleavage p a r a l l e l  t o  layer ing i s  a l s o  folded 
by the asymmetric f o l d s .  I n  a t  l e a s t  one loca t ion ,  e a r l y  
i s o c l i n a l  f o l d  c losures  occur within the  layer ing,  and thus  
possess axial surfaces  t h a t  are folded by the  asymmetric 
fo lds ,  These r e l a t i o n s  i nd i ca t e  tha t  the  l i t h o l o g i c  layer-  
ing  i s  r e a l l y  a s t r u c t u r a l  surface which has formed as a re-  
sult of t r anspos i t i on  of bedding i n t o  para l le l i sm with axial 
surfaces of e a r l y  i soc l ines .  The ' 'early" cleavage i s  appa- 
r e n t l y  a x i a l  planar t o  the  e a r l y  i soc l ines .  Because of the  
t w o  phases of in tense  fo ld ing  i n  these rocks, it has not 
been poss ible  t o  determine a s t r a t i g raph ic  "sequence" o r  
facing d i r e c t i o n  i n  t h i s  p a r t  of the  Shoo Fly. Ins tead,  

This s top i s  a good place t o  develop a fee l-  

The f o l d s  have s-asp- 
Close inspect ion revea l s  



the  p h y l l i t e  rocks of t h i s  p a r t  of the  Shoo Fly are  charac- 
te r i zed  by prominent p h y l l i t i c  cleavage which may i n  f a c t  be 
S1xS2, and, occasionally,  by l i t h o l o g i c  l ayer ing ,  which shows 
l i t t l e  con t inu i ty  o r  p r e d i c t a b i l i t y  along s t r i k e .  

However, de t a i l ed  s t r u c t u r a l  mapping from here t o  more eas t-  
erly, and l e s s  i n t ense ly  deformed, regions,  suggests t h a t  t h e  
D2 s t r u c t u r e s  a r e  "Nevadan" (Late Jurassic), and the  e a r l i e r  
i s o c l i n e s  may be pre-Devonian. 
ed more f u l l y  a t  opt ional  s top A (mile 17.4). 

Ages of s t ruc tu re s  a r e  not known w i t h  c e r t a i n t y  here. 

This evidence w i l l  be discuss- 

13.8 STOP 4 (Map 1A) 

Pull  o f f  on r i g h t ,  j u s t  before turnoff  t o  S i e r r a  Shangrila. 
Walk down t o  stream-polished rock bench next t o  r i v e r .  T h i s  
s top provides a good example of poorly-sorted quartzose sand- 
stone which occurs i n  the  Lang-Halsted un i t .  Commonly, 
quartz g ra in s  have a b lu i sh  cas t .  
layer ing i n  t h i ck  sandstone "beds" w i t h  t h i n  black s l a t y  o r  
p h y l l i t i c  par t ings .  
these  t h i n  pa r t i ngs  between sandstone layers .  Layering here 
appears t o  be a composite of So, S1, and S2. 

spaced cleavage or iented 015, 90 r e f r a c t s  through sandstone 
l aye r s ;  t h i s  may be a " l a t e  Nevadan" s t ruc ture .  
l y  pre-Late Devonian) and S2 (probably main-phase Nevadan 
cleavage) aye subparal le l  here. Note how quar tz- f i l l ed  gashes 
a r e  confined t o  sandstone and do not extend i n t o  more d u c t i l e  
s l a t y  l ayers .  

Note transposed l i t h o l o g i c  

Many i s o c l i n a l  fo ld  c losures  occur i n  

Locally, a 

S1 (probab- 

Continue eastward on Hwy. 49. 

16.1 Enter S i e r r a  Ci ty  15' quadrangle. 

16.8 Cross  a t h r u s t  f a u l t  along which rocks of Culbertson Lake 
allochthon have been t h r u s t  upon the  Lang-Halsted un i t .  The 
lowest p a r t  of the  Culbertson Lake al lochthon here cons i s t s  
of marble and greenschis t  of t he  Bullpen Lake sequence. 
This u n i t  has  been defined p r inc ipa l ly  from exposures south 
of Bowman Lake, about 11 m i l e s  southeast of here ( G i r t y  and 
Schweickert, i n  p ress ) .  
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16.9 Union F l a t  U.S.F.S. campground. 

17.1 Outcrops o f  metatuff and marble of Bullpen Lake sequence. 

17.2 Outcrops of an i so la t ed  mass of Devonian ( ? )  trondhjemite 
and leucograni te ,  similar (and probably r e l a t e d )  t o  the De- 
vonian (? )  Bowman Lake ba tho l i th ,  exposed on the  s teep 
r idge 1 mile southeast.  

17.4 OPTIONAL STOP A (Map 1B) 

If time and i n t e r e s t  permit ,  it i s  possible  t o  p u l l  off 
here t o  examine leucograni te  of this s m a l l  s a t e l l i t i c  body 
which seems r e l a t e d  t o  the  Bowman Lake ba thol i th .  This 
small body and the much l a r g e r  b a t h o l i t h  in t rude  t h e  t h r u s t  
which separa tes  the Culbertson Lake ailochthon from t h e  
Lang-Halsted uni t  (Map 1B). Petrographic and f i e l d  data 
i nd ica te  t ha t  the  Bowman Lake bathol i th  and similar s a t e l -  
l i t i c  bodies may be comagmatic i n  p a r t  w i t h  the  Upper De- 
vonian S i e r r a  Buttes Fm., implying the b a t h o l i t h  and i t s  
s a t e l l i t e s  a r e  a l s o  Devonian. E a r l i e s t  s t r u c t u r e s  i n  the 
Shoo Fly western u n i t  predate the ba tho l i th ;  probable Ne- 
vadan s t r u c t u r e s  are developed within the in t rus ion .  T h i s  
provides important age cons t ra in t s  on ages of s t r u c t u r e s  i n  
the  western part  of the Shoo Fly. 

17.6 More outcrops of  greenstone and marble of Bullpen Lake 
sequence. 

18.1 We've now crosses  a t h i n  cher t  horizon t h a t  separa$es the  
Bullpen Lake sequence from overlying quartz- rich sandstone 
and slate of the  Bowman Lake sequence. T h i s  i s  the  lowest 
u n i t  i n  the  Bowman Lake sequence, ca l led  the  Poison Canyon 
Fm., and cons i s t s  of fe ldspa th ic  and quartzose sandstone 
and s l a t e  (Gir ty  and Schweickert, i n  press) .  It i s  named 
f o r  exposures near Bowman Lake, 11 miles south. 

18,3 Ladies Canyon Creek. T h i s  canyon was repor ted ly  so named 
because several  b ro the l s  were located i n  the  canyon i n  the  
early days, 



19.0 STOP 5 (Map 13)  

Park c a r e f u l l y  on r i g h t .  
we have crossed several  t i g h t  "Nevadan" f o l d s  t h a t  deform 
bedding and an ear ly ,  bedding-parallel cleavage t h a t  is 
r a t h e r  f a i n t .  Bedding/cleavage r e l a t i o n s  a r e  well i l l u s -  
t r a t e d  here.  Bedding i n  2 t o  6 cm th ick  sandstone beds i s  
oriented about 320, 75NE. A s l a t y  cleavage or iented 320, 
85SW r e f r a c t s  markedly through the  sandstone beds. This 
i s  the c h a r a c t e r i s t i c  main-phase Nevada cleavage. 

t o  the nor theas t .  
rocks i n  t h e  Culbertson Lake al lochthon s t i l l  possess r e l i c t  
sedimentary s t ruc tures .  These t h i n l y  bedded, cross-laminated 
sandstones may conceivably represent  overbank depos i t s  de- 
veloped marginal t o  a t u r b i d i t e  fan channel. 

Between Ladies Canyon and here 

. 

The sandstone beds a r e  highly cross- laminated, with tops  
I n  con t ras t  w i t h  the  Lang-Halsted u n i t ,  

20.3 Looking up canyon, we have a good view of the  southwest 
face of t h e  S i e r r a  Buttes. These peaks a re  underlain by 
metavolcanic rocks o f  the  Upper Devonian S i e r r a  Buttes For- 
mation, which, together  w i t h  the  underlying Grizzly Forma- 
t i o n ,  unconformably over l i e  the  rocks of the Shoo Fly Complex. 

20.8 Pass through the outcrops of a p e r s i s t e n t  che r t  unit t h a t  
caps the Bowman Lake sequence and i s  overla in  by unnamed 
tuffaceous s i l t  stone . 

21.2 Here, we pass through a mass of in t rus ive  quartz porphyry 
tha t  i s  pa r t  of a major  i n t r u s i v e  complex r e l a t e d  t o  the  Si-  
e r r a  Buttes Fm. and the Bowman Lake ba thol i th .  The complex 
continues south through Keystone Ravine, across  the Middle 
Yuba River, t o  the v i c i n i t y  of Bowman Lake, a d is tance  of 
9 miles. 

21.6 Loganvi l le .  These bui ldings l i e  on the approximate t r a c e  
of the t h r u s t  along which the overlying rocks of the Sier-  
r a  City melange were t h r u s t  over rocks of the  Culbertson 
Lake allochthon. The melange forms the highest  s t r u c t u r a l  
u n i t  wi thin  the Shoo F l y  Complex a t  t h i s  l a t i t u d e ,  and ex- 
tends from Bowman Lake, 8 m i l e s  south, t o  Lake Almanor, 70 
miles n o r t h  of here. 
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26.8 

OPTIONAL STOP B 

Lens of serpent ini te- matr ix  melange containing blocks of 
diabase and gabbro, 0.1 m i .  west of S i e r r a  Ci ty  l i m i t .  

W n  l e f t  a t  white bui lding ("Sierra-Plumas Real ty") ,  % 
block e a s t  of Pos t  Office. Proceed u p h i l l  on paved s t r e e t .  

Bear l e f t  up paved road t o  garbage dump. 

STOP 6 

Sie r ra  Ci ty  garbage dump. 
view several  key f e a t u r e s  of the  S i e r r a  City melange. 
blocky knob on the r idge  N3OW from here i s  a 1 ka-across 
tectonic  block of metagabbro enclosed i n  sheared serpentin- ' 

i t e .  
block of massive greenstone, about 1.5 km across.  We can 
a l s o  see the  approximate basal contact  of the  Grizzly Fm. 
where it r e s t s  on the melange on the  highest r idge t o  the 
nor th .  Return t o  Hwy. 49 i n  S i e r r a  City. 

From t h i s  vantage po in t ,  we can 
The 

The rocky, brushy h i l l  t o  the  northeast  i s  a t ec ton ic  

Continue e a s t  on Hwy. 49. 

Junction of road t o  Wild Plum U.S.F.S. campground. Con- 
t inue  e a s t  0.1 mile. 

STOP 7 

This s top  i s  very near the  (unexposed) contact  w i t h  Grizzly 
Fm. above; rocks here are t y p i c a l  chaot ic  sandstone-melange 
o r  broken formation. 
t a i n ,  i n  addi t ion  t o  quartz and fe ldspar ,  appreciable cher t  
and volcanic rock fragments (Gir ty  and Schweickert, unpub- 
lished data),  suggesting der iva t ion  from a r c  and/or u p l i f t -  
ed subduction complex. 

Sandstones i n  this u n i t  t y p i c a l l y  con- 

Outcrops of i n t r u s i v e  f e l s i t e  and quartz porphyry of Sier-  
ra Buttes Fm., which cu t  out the  Grizzly Fm. here. 

STOP 8 

B a s a l  part of Sierra Buttes Fm. Cleaved black phosphatic 
s i l i ceous  a r g i l l i t e  i s  intruded by subver t ica l  diabase 
dikes. These rocks a r e  over la in  by s i l i c i c  ash-flow tuff  
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26.9 

27.1 

27.4 

27.6 

27.9 

29.1 

29.2 

29.5 

29.7 

29.8 

and tuff- breccia  beds up t o  3 m th ick .  
ed pumice fragments. 

Some contain  COllapS- 

Road t o  Kentucky Mine on l e f t .  

In t rus ive  quartz porphyry i n  roadcuts,  p a r t  of a large hyp- 
abyssal  complex within S i e r r a  Buttes Formation. 

Cross Pac i f i c  Crest  Trail. 

Outcrops of andes i t i c  brecc ia  i n  lower p a r t  of Taylor Fm. 
Bare patches i n  middle of slope ahead ( t o  e a s t )  a r e  under- 
l a i n  by rhythmically bedded c h e r t s  of  the  Mississippian to 
Lower Pennsylvanian Peale Fm. The Upper Devonian t o  Lower 
Mississippian Taylor Fm. here i s  about 1300 ft. t h i c k  be- 
tween the S i e r r a  Buttes and the Peale. 

OPTIONAL STOP C 

Roadcuts of u n s t r a t i f i e d  andes i t i c  tuff- breccia  of Taylor 
Fm. 
We a r e  now heading about p a r a l l e l  t o  the s t r i k e .  
comprises a vas t  thickness ,  i n  some places possibly over 
10,000 f e e t ,  of andes i t i c  lava and breccia  (Durrel l  and D' 
Allma, 1977). These rocks a re  f a i r l y  typ ica l  of the Tay- 
l o r .  We will spend considerable time tomorrow looking a t  
Taylor a1 so. 

Overlying Peale Fm. again under l ies  bare  slopes t o  east .  
The Taylor 

Lavezzola Spring. Bold outcrops above brushy slopes across  
r i v e r  a re  p i l l o w  lava of Goodhue Greenstone, which o v e r l i e s  
the Peale. 

Outcrops of Peale c h e r t s  i n  roadcuts on left. 

Bridge across  Salmon Creek. 
roadcuts i n  Peale Fm. just north o f  the br idge,  but it w i l l  
be necessary t o  dr ive  pas t  the outcrop, park, and walk back. 

Outcrop of Peale t o  be v i s i t e d  a t  stop 9. 

Our next s top  w i l l  be t o  view 

STOP 9 
Pull off on d i r t  road t o  r i g h t  and walk back about 0.1 m i .  
t o  outcrop. This i s  an exce l len t  exposure of typ ica l  w h i t e  



1-12 

t o  l i g h t  green ribbon c h e r t  of Mississippian t o  lower Perm- 
sylvanian Peale Formation. This u n i t  s i g n i f i e s  a major hia- 
t u s  i n  volcanic a c t i v i t y ,  and separates  two d i s t i n c t  a rc  S8- 
quences: an o lde r  one cons is t ing  o f  the  Upper Devonian Griz- 
z l y  and S i e r r a  Buttes Fms. and the Upper Devonian-Lower Miss- 
i s s ipp ian  Taylor Fm., and a younger a r c  sequence consis t in$ 
of the  Pennsylvanian (? )  t o  Permian Goodhue Greenstone, t h e  
Lower Permian Reeve Fm., and overlying, unnamed Permian (?) 
vo lcan ic la s t i c  rocks. 
axial surfaces  a r e  late-phase Nevadan fo ld s ;  main-phase Neva- 
dan f o l d s  can be made out i n  part  of the outcrop as t i g h t ,  
subisoc l ina l  closures.  Both fold s e t s  occur i n  the Lower 
Ju rass i c  S a i l o r  Canyon Fm. 9 m i .  southeast ,  and are cut  by 
the  150 m.y, Haypress Creek granodior i te  t o  the  e a s t  (Map 1B).  
da t ing  both  phases as l a t e  Ju rass i c  (Nevadan). Walk back t o  
cars. Continue e a s t  on Hwy. 49. 

The asymmetric f o l d s  w i t h  NE-striking 

30.9 Turn l e f t  on Gold Lake Road a t  Basse t t s  Stat ion.  

31.6 STOP 10 

Pull o f f  on l e f t  s ide of road. Good view of  e a s t  face Of 

S i e r r a  Buttes. 
t h e  S ie r ra  Buttes and Taylor Formations, Also note superpo- 
s i t i o n  of a younger l a t e r a l  moraine, r e l a t e d  t o  a g l a c i e r  
that  flowed out of Sardine Lakes, upon south- trending l a t e r a l  
moraine developed by an o lder  g l a c i e r  t h a t  flowed down Salmon 
Creek. To south, across  the  Yuba River, we again see dark 
c l i f f s  formed by the  Goodhue Greenstone. 

Here we w i l l  point out s a l i e n t  f ea tu res  of 

32.1 Outcrops o f  Taylor meta-andesite. 

32.3 Turn l e f t  across  Salmon Creek toward Sardine Lake. 

32.8 Turn l e f t  i n t o  Sardine Lake U.S.F.S. campground, where we 
w i l l  spend t h e  night.  
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SURDAk', OCTOBER LO 

C I R C U I T  OF UPPiB SAL1;ON AKD 302S.E LAKES, GOLD LAKE F,?' QUAD. 

MILE 0.0 - Leave Sardine Lake Campground, t u r n  r i gh t  ( e a s t )  on 
Sardine Lake Road 

MILE 0.5 - Turn l e f t  (nor th)  toward Gold Lake on Gold Lake Road 

MILE 3.2 - Turn l e f t  (west) on Salmon Lake Road, drive across  
several  r ecess iona l  moraines associa ted  wi th  the  most 
recent  post-Sangamon advance of t h e  Salmon Creek 
Canyon Glacier (Mathieson, 1981) 

MILE 4.2 - Park a t  Salmon Lake t r a i lhead  

Walk south on a narrow, rough fisherman's pa th  along t h e  e a s t  
s ide  of Upper Salmon Lake ( r e f e r  t o  Map 2 f o r  rou te  o f  walking 
tour ) .  Note g l a c i a l  s t r iae  t rending S5OE a t  the  l a k e  o u t l e t ;  
s t r i a e  a r e  developed on plagioclase- phyric,  pumice-rich l a p i l l i -  
t u f f *  of t h e  Taylor Formation. 

Continue southwesterly around the  south end of Upper Salmon 
Lake; where the  p a t h  becomes tangent t o  t h e  overhead powerline, 
note t h a t  the  Taylor l a p i l l i - t u f f  underfoot contains  widely scat- 
tered  blocks,  some amygdaloidal (quartz and c h l o r i t e  amygdules). 
Similar l a p i l l i - t u f f  and tuff - breccia under l i e  the  knob you have 
j u s t  passed on your l e f t  ( t o  t h e  south) ;  a t  l e a s t  95 m of such 
rocks a r e  exposed t h e r e ,  without obvious depos i t iona l  break. How 
d i d  these mater ia ls  o r i g i n a t e ,  and how d i d  they  accumulate i n  
such g r e a t  thicknesses? 

* I use the  c l a s s i f i c a t i o n  of R.V. Fisher  (1966) f o r  mixture terms 
and grade s i z e  l i m i t s  ( ash  < 2 mm, l a p i l l i  2-64 mm, blocks > 64 mm). 
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Leave the  path and angle southwestward u p h i l l  t o  a clinopyrox- 
ene- and plagioclase-phyric d ike* t h a t  t rends  N80W. Walk wester ly  
along the  dike u n t i l  it i n t e r s e c t s  pillow lava present  near the  
base of the  Taylor Formation. 

STOP 1 (See Map 2)  

These d i s c r e t e ,  unconnected, e l l i p s o i d a l  pi l lows a r e  embedded 
i n  r e l a t i v e l y  voluminous tuffaceous matrix. The small p lagioclase  
glomerocrysts a r e  c h a r a c t e r i s t i c  of Taylor pi l low lavas, which 
were o r i g i n a l l y  b a s a l t s  and b a s a l t i c  andesi tes**.  Concentrations 
of immobile t r ace  elements show t h a t  these lavas belong t o  the  
t h o l e i i t i c  rock a s soc i a t i on  of i s l and  a r c s  (Brooks and Coles, 1980). 

Note the  zoned margins of p i l lows;  the  reddening i s  due t o  out- 
ward increase i n  the  amount of metamorphic c h l o r i t e  o r  a c t i n o l i t e ,  
and the  pale  r i m  i s  epidote- rich. Occasionally, an outermost 
ch lor i t e- r ich  r i m  i s  preserved. A l s o  note the  occasional broken 
pillow. 

Walk west t o  Stop 2 (see Map 2). 

* The r e l i c t  mode o f  a chemically analysed sample of this dike  is :  
matrix, 70%; p lag ioc lase ,  27%; clinopyroxene, 3%. The sample, 
however, now c o n s i s t s  (except f o r  a l i t t l e  r e l i c t  clinopyroxene) 
of the  greenschis t- facies  assemblage epidote+white mica+chlori te+ 
actinolite+quartz+sphene. The rock i s  apparently a metabasalt 
(Si02 = 49.5%) bu t  has an unusually high A1 0 content  (24.0%) 
(other  oxide contents  are :  C a O ,  8.00/0; MgO, 4.0%; FeO*, 8.8%; 
Na20, 1.5%; K20, 1.9%; Ti02, 0.6%). Such d ikes  were formerly 
thought t o  feed lavas s t r a t i g r a p h i c a l l y  higher i n  t he  Taylor For- 
mation, bu t  d e t a i l s  of the  trace-element chemistry do not make 
such co r r e l a t i ons  easy. 
* *  A chemically analysed sample co l lec ted  nearby, which represen ts  
the  core of a p i l l o w ,  o r i g i n a l l y  had 12.5% plagioclase  glomero- 
c r y s t s  and 0.5% pyroxene phenocrysts(?).  It now c o n s i s t s  of a l b i t e  
+quartz+epidote+chlorite+calcite+white mica+pyrite. The rock w a s  
evident ly  o r i g i n a l l y  a basal t ic  andesi te ,  and the  oxide abundances 
are: Si02, 55.0%; A1203,  20.3%; CaO, 3.977; MgO, 4.1%; FeO*, 9.1%; 
Na20, 4.2%; K20, n.d.; T i 0 2 ,  0.4%. 

2 3  

L 
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STOP 2 

Taylor pillow lava  i s  here over la in  by bedded (NlOW, 30E) 
t u f f s  ( the  f i n e s t  grades weather white) ,  which a re  i n  t u rn  sur- 
mounted by l a p i l l i - t u f f  containing pi l low fragments and china- 
white lumps of pumice ( l o o k  f o r  t i n y  round quartz amygdules with 
the  hand lens ) .  
flanks, and highly  i r r e g u l a r  upper surfaces  (Brooks and Garbutt, 
1972). The v i t r i c - l i t h i c  t u f f s  were deposited contemporaneously 
with the  pi l lows,  thereby comprising much of t h e i r  matrixes. 
When pi l lows were not  being generated, t u f f s  with t abu la r  strati-  
f i c a t i o n  continued t o  be deposi ted,  from t u r b i d i t y  cur ren t s  (evi-  
dence f o r  this depos i t iona l  mechanism w i l l  be demonstrated a t  
Stop 3). 
t a in ing  pillow fragments and pumice l a p i l l i  (t'broken-pillow brec- 
c i a s " )  a r e  i n t e rp re t ed  as debris- flow depos i t s ;  d e b r i s  f lows  evi-  
den t ly  were i n i t i a t e d  by slumping of t he  s teep f l anks  of pillowed 
flows.  

The Taylor pillowed f l o w s  have f l a t  bases,  s teep 

The interbedded l a p i l l i - t u f f s  and tuff- breccias  con- 

Noteworthy i n  this outcrop a re :  1) the  d i f f e r e n t i a l  compaction 
of t u f f  where it o v e r l i e s  l a rge  pi l lows ( the  fac ing d i r e c t i o n  i s  
everywhere e a s t e r l y ) ;  2 )  p i l lows broken -- i n  s i t u  and veined by t u f f ;  
3) the pinching out  of the bedded t u f f  sequence aga ins t  the  pi l low 
lava;  4) t r ace  f o s s i l s  i n  the bedded t u f f s ;  5) channeling i n  bedded 
t u f f  immediately beneath the  deb r i s  f l o w ;  and 6) pi l low fragments 
i n  the deb r i s  flow, some with quartz amygdules elongated perpendi- 
cu la r  t o  pi l low margins, some with pa le ,  epidote- rich rims. 

f l ow ,  but  it i s  d i r e c t l y  i n  contact  with p i l low lava. 
A slab ly ing on the  ground nearby a l s o  shows a f o s s i l  debr i s  

Walk nor theas te r ly  downhi l l  t o  Stop 3 .  

STOP 3 

Thinly s t r a t i f i e d  t u f f s  a r e  here characterized by A-B-C Bouma 
sequences, and a r e  accordingly thought t o  be tuffaceous t u rb id i t e s .  
The coa r se s t ,  "massiveIt A d iv i s ion  of a t u r b i d i t e  bed i s  followed 
upward by the  plane-parallel- laminated B d iv i s ion ,  which i s  i n  
t u rn  succeeded by the f i n e s t  (white-weathered), rippled C division. 
Crests  of r i p p l e s  a r e  commonly truncated a t  the base of the next 
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higher t u r b i d i t e .  Trace f o s s i l s  a r e  again found, i n  the  C d i v i -  
sions of t u r b i d i t e s .  

Interbedded (N20W, Z5NE) with the  tuffaceous t u r b i d i t e s  a r e  
r e l a t i v e l y  t h i n  (e.g., approx. 90 cm) beds of l a p i l l i - t u f f  con- 
ta in ing  pi l low fragments. A f a l l e n  slab shows two such debris-  
flow depos i t s ,  separated by a l i t t l e  s t r a t i f i e d  t u f f .  Note d i f -  

f e r e n t i a l  compaction above p i l low fragments and minor loadcast ing 
a t  the base of t he  overlying debris- flow deposi t .  

Walk WNW t o  j o i n  the  t r a i l  t o  Horse Lake. Leave t h e  t r a i l  south 
of Horse Lake and walk wester ly i n t o  the  mouth of a narrow, s t r a i g h t  
canyon bearing approximately N60E. Clamber upstream t o  Stop 4. We 
have walked across  the  poorly exposed Elwell Formation and a r r ived  
a t  the top of the S i e r r a  Buttes  Formation. 

STOP 4 (Refer t o  Maps 2 and 3 )  

Well bedded (N25LI, ZONE), genera l ly  fine-grained, quartz- rich 
vo lcan ic las t i c  rocks a t  the top of the  S i e r r a  Buttes Formation, 
probably t u r b i d i t e s  and debris- flow depos i t s  ( the  l a t t e r  containing 
sca t te red  blocks of metadacite).  Are these  rocks e p i c l a s t i c  o r  
pyroclas t ic?  

Continue upstream t o  Stop 5. 

Mesoscopically folded,  laminated, carbonaceous che r t  interbedded 
w i t h  f ine- grained, t h i n l y  s t r a t i f i ed  vo lcan ic las t i c  rocks. Note 
the  cleavage, which i s  commonly axial  planar  t o  mesoscopic f o l d s  
i n  carbonaceous c h e r t  (such f o l d s  a r e  thought t o  be t ec ton ic ,  and 
t o  have formed during the  Nevadan orogeny). The a n t i c l i n a l  hinge 
t rends S20E toward  you (angle of plunge i s  approx. 40'). 

e t c . )  i n  the  very fine-grained, quartz- rich t u r b i d i t e s  overlying 
the  cher t  i n  the southeast  w a l l  of the  stream canyon. 
the  wall i s  held up by a r e l a t i v e l y  t h i c k  t u r b i d i t e ( ? )  bed whose 
s t r u c t u r e l e s s  base (Bouma A d iv i s ion?)  c o n s i s t s  of pumice-rich 
l a p i l l i- t u f f  (microvesicular long-tube pumice, ins tead  of the  
pumice with round v e s i c l e s  seen i n  the  Taylor Formation). 

Examine the i n t e r e s t i n g  bed3ing fea tu res  ("flame s t ruc tu re" ,  

The top  of 
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Long-tube pumice i s  more evident i n  t h e  "subaqueous pyroc las t i c  
f lows"  ( i . e . ,  py roc las t i c  debr i s  f l o w s )  present  up the  slope south 
of the stream canyon. Some debris- flow depos i t s  a r e  s t r u c t u r e l e s s ,  
some a r e  subt ly  bedded ( the  pumice has been sorted i n t o  r e p e t i t i v e  
t h i n  l aye r s ) .  Red-weathered, ragged, elongated ( i n  the  plane of 
bedding), often laminated fragments o f  long-tube pumice up t o  10- 
12 cm long are  present .  The metadaci t ic  pumice bea r s  small plag- 
ioc lase  and quartz  phenocrysts. 

STOP 6 

Thick (about 18 m), approximately v e r t i c a l  dike of aphani t ic  
Elwell meta-andesite c u t t i n g  bedded (N5E, 4OE) S i e r r a  Buttes rocks. 
Note approximately v e r t i c a l  p l a t y  pa r t ing  i n  the  d ike ,  which i s  
c h a r a c t e r i s t i c  of the  margins of awe11  d ikes  and sills. The knife  
edge-sharp, s t r a i g h t  dike con tac t s  t rend N15JtOW. This dike i s  
s i l l - l i k e  lower  i n  the S i e r r a  Buttes Formation, where it i n t r u d e s  
the  carbonaceous che r t  seen a t  Stop 5 (see Map 3). A l i n e a r  s w a r m  
of t h i n  red-weathered d ikes  or iented N5E, 85W, c u t s  laminated Si-  
e r r a  Buttes  rocks nearby. 

Rare-earth-element abundances of E l w e l l  s i l l s  and r e l a t e d  p i l -  
low lavas ind ica te  t h a t  these  rocks,  t oo ,  belong t o  the  t h o l e i i t i c  
rock associa t ion  of i s l and  arcs (Brooks, Wood, and Garbutt,  i n  
press) .  The Elwell magma w a s  a n d e s i t i c ;  t h e  mean of  nine p a r t i a l  
chemical analyses i s :  Si02, 58.1%; Al,03, 13.7%; CaO,  4.1%; M g O ,  
3.0%; FeO*, 11.0%; Na20, 3.4%; K20, 0.6%; T i02 ,  1.0%; MnO, 0.1%. 
Most sills now c o n s i s t  of the greenschis t- facies  assemblage a l b i t e  
+quartz+epidote+actinolite+chlorite+Ti-rich minera l+calc i te+s t i lp-  - - 
nomelane+white mica. 

STOP 7 

- 

The t h i c k  E l w e l l  d ike has turned on i t s  side t o  become sill- 
l i k e  again a t  a higher  s t r a t i g r a p h i c  l e v e l  ( a t  the  horizon of t h e  
Elwell Formation-- see Map 3 ) .  The sill, which has  columnar 
s t ruc tu re ,  o v e r l i e s  several  cm of very fine-grained, quartz- rich 
sandstone inter laminated with phosphatic cher t  (white phosphatic 
nodules are s e t  i n  dark gray, carbonaceous, r a d i o l a r i a n  chert). 
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The whole i s  under la in  by another s i l l  of qu i te  a d i f f e r e n t  kind, 
being choked with l a rge ,  unal tered,  l i g h t  green clinopyroxene phe- 
nocrysts.  S i l l s  of t h i s  type, which a r e  l i k e  those thought t o  be 
ankaramitic by some, occur voluminously i n  and near  the  s t ra t ig raph-  
i c  horizon of t he  Zlwell Formation. They reach th icknesses  of a t  
l e a s t  34.5 m ,  and a r e  metabasal t ic  ( the  p a r t i a l  ana lys i s  of a sam- 
ple  co l lec ted  2.5 miles t o  the  northwest, near Round Lake, is: 
S O 2 ,  48.7%; A l 2 O 7 ,  15.7%; CaO,  8.3%; MgO, 6.9%; FeO*, 10.2%; Na20, 
1.6%; 5 0 ,  1.5%; Ti02, 0.4%) . 
la rge  amounts of C r ,  doubt less  incorporated i n  the  voluminous c l i -  
nopyroxene phenocrysts (Brooks and Coles, 1980). The r e l i c t  modes 
o f  th ree  samples conta in  from 12 t o  35% clinopyroxene phenocrysts 
and from 0 t o  16% plagioclase  phenocrysts. 

Walk downh i l l  t o  the  southeast  and r e j o i n  the  t r a i l ;  Elwell 
s i l l  rock along the  way conta ins  except ional ly  abundant large 
ch lo r i t e -  and quar tz- f i l l ed  amygdules. 
Horse Lake. 

These rocks t y p i c a l l y  contain very 

Walk nor theas te r ly  toward 

STOP 8 

Doubtless the  same Elwell s i l l  as t h a t  examined a t  Stop 7, here 
with spec tacu la r ly  displayed columnar s t ruc ture .  Look f o r  the  poor- 
l y  exposed phosphatic cher t  t h a t  concordantly under l i es  the s i l l .  
The s i l l  rock here  i s  unusual i n  tha t  it conta ins  sca t te red  small 
phenocrysts of p lagioclase  and clinopyroxene (probably aug i te )  ; 
near ly  a l l  Elwell magma w a s  phenocryst- free. The s i l l  rock a l s o  
contains unusually abundant gray quartz megacrysts t h a t  g r e a t l y  re- 
semble l a rge  quartz phenocrysts which choke some rock u n i t s  i n  the  
underlying S i e r r a  Buttes Formation. Are these  c r y s t a l s  xenocrysts 
o r  phenocrysts? 
deeply embayed and highly i r r egu la r .  

The top of t h e  s i l l  i s  missing, having been removed by a highly  
erosive e p i c l a s t i c  d e b r i s  f low charged with l a rge  c las ts  of S i e r r a  
Buttes quartz porphyry, black che r t ,  Elwell s i l l  rock,  e tc .  (such 
debris-flow depos i t s  make up the  basal member of  the  Taylor Forma- 
t ion) .  The contact  between the  sill and deb r i s  flow i s  very sharp 
and highly  i r r e g u l a r ;  it i n t e r s e c t s  v e s i c l e s  f l a t t e n e d  i n  the  plane 

The hand l e n s  shows t h a t  they a r e  here commonly 
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of t h e  s i l l  during i t s  emplacement. Look for s t eep ly  dipping 
cher t  veins i n  the  s i l l  adjoining the  contact ;  s t i l l - f l u i d  ' 'chert"  
in jec ted  columnar j o i n t s  as they  opened during shrinkage of t h e  
so l id i fy ing  s i l l .  Note t h a t  many sand-sized g ra ins  i n  t h e  matrix 
of the  debr i s  flow cons i s t  of smoky quartz eroded from t h e  S i e r r a  
Buttes Formation. 

Rejoin the t r a i l  and walk nor theas te r ly  toward Horse Lake. 
Leave t h e  t r a i l  south of Horse Lake, s k i r t  the  west side of t h e  
lake,  and climb Hill 6717 nor th  of the  l ake  (see Map 2) .  

STOP 9 (Refer t o  Map 4) 

Much of the  top  of t h i s  h i l l  c o n s i s t s  of E l w e l l  s i l l  rock and 
peper i t e  (see Map 4 f o r  the  de ta i l s ) .  
encountered r e l a t i v e l y  very wet "chert"  (phosphatic r a d i o l a r i a n  
ooze), so t h a t  it w a s  quenched d r a s t i c a l l y  enough t o  produce peper- 
i te- -  block- t o  ash-sized fragments of aphan i t i c  andes i te  supported 
by a black che r t  matrix. 
ments f o r  those t h a t  a r e  bounded by c h a r a c t e r i s t i c  conchoidal frac- 
tures .  The f r a c t u r e s  r ep resen t  thermal- contraction cracks develop- 
ed i n  r ap id ly  f r eez ing  g lassy  lava. 
the Horse Lake p e p e r i t e s  and r e l a t e d  rocks a re :  
xenol i ths  enclosed i n  s i l l  rock without in tervening  p e p e r i t e  t h a t  
represent  cher t  which w a s  l i t h i f i e d  when intruded;  2 )  r e l a t i v e l y  
well- sorted and fine-grained peper i t e ,  the  che r t  matrix of which 
contains  cher t  fragments and phosphatic nodules, both  broken and 
unbroken (How do t he  phosphatic nodules form? 
3 )  peper i t e  containing s m a l l  p i l lows deformed during d i s p e r s a l  of 
the  peper i t e  by steam explosions;  and 4) the  a c t u a l  passage of s i l l  
rock i n t o  peper i t e  where it ad jo ins  o r i g i n a l l y  wet "chert".  An 
exhaustive desc r ip t ion  of the  charac ter  and modes of  o r i g i n  of 
these and other  Elwell p e p e r i t e s  i s  i n  p r e s s  (Brooks, Wood, and 
Garbutt) 

and s t a y  on it around t h e  nor th  s ide  of Upper Salmon Lake u n t i l  
you have returned t o  the  parking area.  

Here, invading Elwell magma 

Search among the f i n e r  a n d e s i t i c  frag- 

A f e w  notable  p r o p e r t i e s  of 
1) l a r g e  c h e r t  

How a r e  they  broken?); 

Rejoin the t r a i l  j u s t  a f t e r  crossing t h e  o u t l e t  of  Horse Lake 
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M A P 2 .  UPPER SALMON LAKE AREA 

Base from preliminary Gold Lake, C a l i f . ,  7 ~ '  Quad. 

Po 500m 

Ember and loca t ion  of f i e l d  t r i p  s top 2. 

Route o f  f i e l d  t r i p  
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M A P  4. OUTCROP M A P  OF HILL 6717 

A f t e r  C h r i s t i n e  Naschak, 1980 

50 m 

Pyroxene- and plag- 
@ ioclase-phyric d ikes  

P e p e r i  t e  
Andesit ic sill rock 

h Phosphatic c h e r t  




