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The s t a r t i n g  point f o r  this road log i s  the west entrance t o  Yellowstone 
National Park. To reach the entrance from the West Yellowstone Airport ,  d r ive  
out  of the a i r p o r t ,  t u r n  r igh t  (south) on Hwy. 287, and proceed t o  the s top  
sign near  the old ra i l road  s t a t i o n  (which i s  now a museum). T u r n  l e f t  ( e a s t )  
a t  this intersection, and proceed t o  the entrance.  Daily routes and s tops  a r e  
out l ined i n  F i g u r e  1 

Geothermal studies a re  proceeding on two fronts i n  the West Yellowstone 
area.  High-temperature resources f o r  the generation of electricity a r e  being 
sought i n  the Island Park a rea ,  and lower temperature resources f o r  direct 
appl ica t ions ,  pr imari ly  space heating, a r e  being explored f o r  near  the town of 
West Ye1 1 owstone . 

Potent ia l  electric geothermal development i n  the Island Park area has 
been the subject of widespread publ ic i ty  over  fears of damage t o  thermal 
fea tures  i n  Yellowstone Park, A t  the time of w r i t i n g  this guide (June, 1980), 
companies have applied f o r  geothermal leases  i n  the Island Park area,  b u t  
these leases  have not yet been granted by the U ,  S. Forest  Service. The 
Senate is now discussing a b i l l  t h a t  would regulate  geothermal development i n  
Island Park; outcome of this debate will determine the course of ac t ion  on the 
1 ease appl i c a t i  ons 

The Island Park area was the si te of two cycles of caldera  a c t i v i t y ,  w i t h  
major erupt ions a t  2.0 and 1.2 million years  ago. The U.S. Geological Survey 
(Smith and o thers ,  1978) est imates  t h a t  16,850 x 1018 jou le s  of energy may 
remain i n  the system. 

the West Yellowstone vicinity by the Montana Bureau of Mnes and Geology, 
under funding from the U. S. Department of Energy. West Yellowstone has a 
mean annual temperature of 1-20C. Research t h u s  f a r  suggests t h a t  basement 
rocks i n  the vicini ty  a m  a t  a depth of about 600 m and a r e  probably s i m i l a r  
t o  the rocks exposed north of Hebgen Lake, where Precambrian, Paleozoic and 
Mesozoic rocks have been mapped. A few sites w i t h  anomalously warm water  have 
been identified near  the town. Work is continuing on this project. 

Our  f i  nt stop will be a t  V i  rginfa Cascades, about 30 miles e a s t  of the 
park entrance. Along this dr ive ,  there will be time t o  look a t  The Geologic 
Story of Yellowstone National Park (Keefer, 1971).and the geologic map of the 
park (U.S.G.S., 1972a), which a r e  contained i n  this packet. A few copies of 

An a r t i c l e  on the volcanic evolution of  Yellowstone (Chris t iansen,  unpub.) 1s 
i n  your packet. Geoghysical data  and in t e rp re t a t ions  f o r  the Yellowstone area 
a r e  presented i n  the report  from Scientific American (Smi th  and Christiansen, 
19801, which i s  a l s o  contained i n  your packet. 

and Surficial Geologic quadrangle mapping. Li thologic  'and outcrop descrip- 
t i o n s  have been drawn from these maps, To avoid r epe t i t i ous  c i t a t i o n  of 
sources,  Table 1 has been included i n  this log t o  allow readers t o  consult  the 
or ig ina l  sources. Quotations not from map t e x t s  a r e  referenced i n  the 
t r ad i t i ona l  manner, 

c, 

u 

I 

u 

c, 

Geothermal resources su i t ab le  f o r  direct appl ica t ions  a r e  being sought i n  
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, t he  surficial geologic map (U.S.G.S., 1972b) a r e  a l s o  ava i lab le  f o r  viewing. 
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The road log i s  adapted primarily from U. S. Geological Survey Geologic 
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Geologic and Surf  i c i  a1 Geologic Map References 
w 

MILES QUADRANGLE BEDROCK SURF I C  I AL 

NAME 

a1 1 --- USGS 1972a 
Y 

Day 1 

0a0-4a1 West Yellowstone -0- Wal drop, 1975a 

b' 6.0-19-4 Madison Junction Christiansen and Blank, 1974a Waldrop and Pierce, 1975 

20.7-38.4 Norr is Junction Christiansen, 1975 Richmond and Waldrop, 1975 

39.4-40.4 Canyon Vi l lage Christiansen and Blank, 1975 Richmond 1977 

' 0  41.0-48.0 Tower Junction Prostka and others, 1975 Pierce, 1974 

49.4-72 .6 Canyon V i  11 age see above see above 

Day 2 
e 

5-24 -0 Tower Junction above see above 

24.0-55.2 Mammoth --- Pierce, 1973 

59.3-67.1 Norr is Junction see above see above 

see above see above 68.4-86.9 Madison Junction 

86.9-89.7 Old Fa i th fu l  Chri st i ansen and B1 ank , 1974b Wal drop 1975b 

0 

qu Day 3 

0-2 -9 Old F a i t h f u l  see above see above 

2.9-27 -8 Madison Junction see above see above 

27 -8-33.8 West Ye1 1 owstone --- see above 

~ 
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tu 
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Potassium-Argon dates reported i n  this guide were calculated using 
pre-1977 decay constants. To compare w i t h  more recent d a t i n g ,  multiply the 
dates given herein by 1.025. 

Estimates for  the ages of the ice are.given i n  Table 2. 

0 

I Glacial activity has been sepa ed i n t o  B u l l  Lake and Pinedale times 

DAY 1 - WEST YELLOWSTONE TO CANYON 

I Distance Cumulative 
I Mi 1 eage 
1 

0 0 t the west entrance t o  the Pa 
s a1 1 uvial gravel ly  sand, deposited i n  

'U the Pinedale-Bull Lake interglacial interval i n  
the West Ye1 1 owstone Basi n. 

area i s  due t o  n infestation of the Mountain Pine 
Beetle, which 

w circulation of sap. Many trees i n  the Island Park 
area t o  the south have been killed by the beetle, 
and the infestation is  now moving northeast i n t o  

i 

# The tremendous umber of dead pine trees i n  this 

11s the trees by cutting the 

tone National Park. 

2 illustrates the relations among the 
. w. Quaternory volcsnic units i n  the park. 

i t  is not comprehensive, the f i g u E  does 
trate some of the more important stratig 
re1 a t  i ons . 
Nore t h a n  10,000 thermal features have been 
catalogued w i t h i n  Yellowstone Park. In addi t ion  
t o  the heat phenomena associated w i t h  hot springs 
and geysers, the waters have a beneficial effect 
o f  i nc reasi ng aquat i c product i v i  t y  The Mad1 son 
and F i  =hole rivers have some o f  the best t r o u t  
f i sh ing  i n  the country. Many of the streams i n  
the Park have normal productivity upstream fmm 
thermal features, but  support a wider variety of 
aquatic l i f e  after the h o t  waters have mixed w i t h  
the river waters. There are also a few sites 
where the opposite effect is  true, thermal spr ings  
reduce st ream p roducti v i  t y  

Yellowstone is an area of general h i g h  elevation 
and h i g h  precipitation. Th i s  implies t h a t ,  
especially fo r  areas t o  the west and south,  i t  is 
an area of regional groundwater recharge. 

2 02 2 02 The Madison River i s  visible on the n o r t h  side o f  
the highway. The river here flows along outwash 
sand and gravel from Pinedale glaciers. Pinedale 
outwash fans form the deposits away from the 

I 

I 

, o  
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TABLE 2 

Age estimates f o r  Glacial  Act iv i ty  i n  Yellowstone 
( i n  thousands of  years) 



PSL Shomhone Loke t u t f  MembertO.lB) 
POC Obmldlon Creek Member 
PML Motlard Loke Mernber(O.6- 0.83) 
PUB Upper Bomln Memom (0.6-0.53) 
OS Osprey Borolt 
MR Madison River Basolt 
SLF Swan ~ o k e  Plot eosait 
F R  Follm Rlver Bosolt 
ML Bosolt of Morlpoma Loko 
LAC Lava Creek f u t f  (0.6) 
UF Undlne Folle Boeolt (to.?) 
MJ Mount Jockson Rhyolite (0.79-0.64) 

Seuond voloonlo oytlo MP Meso folts tuff t1.Z) 

flr.1 voloonlo oycle 

TN Sediments ondimsotts 
o t  Tho Norrowe (1.6) 

LEC Lewl@ Cowon Rkyollte 
HR Huckldbetry Rldae Tuff (2.0) 
BC Rhyolte of Brood Creek 
JB dunctlon Butte Boeolt(2.0) 

OI 

FIGURE 2. Oiagramnatic relations antong Quaternary volcanic units, Yellowstone 
National Park. Neither all stratigraphic units nor all possible stratigraphic 
relations are depicted. Numbers after units indicate approximate ages, in mil- 

ns o f  years. Redrafted from. Christiansen and Blank (1972), with modification 
nsen and Blank (1974). 
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river. 

The roadbed i s  over an outcrop of Madison River 
basa l t  . 
The low ridge on the n o r t h  s i d e  of the river is 
composed of Pinedale age t i l l  which is near the 
margin of Pinedale g lac ia t ion .  

Approximate entrance t o  Madison River Canyon. The 
road east of here received extensive damage from 
rockfalls and lands l ides  during the August 1959 
Hebgen Lake earthquake. The epicenter of the 
earthquake was 35 miles northwest of West 
Yellowstone; 26 people were k i l l e d  near Hebgen and 
Earthquake 1 akes . 
The rocks on the n o r t h  s i d e  of the river are  
Member B o f  the Lava Creek T u f f ,  which has been 
described as: 

Gray, brown, o r  pinkish-gray ash-flow tuff .  
Oevi t r i f ied  throughout; general ly  densely 
welded exept for p a r t i a l l y  welded vapor-phase 
zones a t  t o p  and bottom. Lithic inclusions 
are l o c a l l y  abundant. Abundant 1-5 mm 
phenoc rys ts  o f  qua r tz  , sand d i  ne , and sodic 
plagioclase;  some sanidine phenocrysts as 
much as about 1 cm; sparse opaque oxides, 
clinopymxene, and f a y a l i t i c  olivine 
phenocrysts. T h i n  basal zone of phenocryst- 
poor tuff grades downward from densely welded 
t o  pa r t ly  welded. 

Th i s  t u f f  was enplaced immediately p r i o r  t o  the 
formation o f  the Yellowstone Caldera, and has been 
dated a t  600,000 years  (Christiansen and B l a n k ,  
1972). T h i s  was the t h i r d  major tuff eruption i n  
the h i s to ry  of caldera  formation i n  this v ic in i ty .  
The Huckleberry Ridge T u f f  a t  2 million years ,  and 
the Mesa F a l l s  T u f f ,  a t  1.2 million years ,  were 
the earlier eruptions.  

The rocks on the south s i d e  o f  t h e  river are  flows 
of the Mount Jackson Rhyolite,  which  i n  this area 
has been separated i n t o  the M t .  Haynes flow and 
the Harlequin Lake flow. The M t .  Haynes flow 
forms the cliffs south of the river. This  
rhyol i te  has been described as: 

Mainly gray crystalline rhyol i te  w i t h  local 
l ight-gray v i t rophyr ic  margins. Contains 1-3 
m phenocrysts of quartz ,  sanidine,  
plagioclase , and opaque oxides . 

7 



The M t .  Jackson Rhyolite has been dated a t  790,000 
and 640,000 years  (Christiansen and Blank, 1972). 
Preservation of this u n i t  ou ts ide  the Yellowstone 
Caldera co l lapse  a rea  has helped define the 
caldera  margin. 

w 

0.8 7 05 cross the Yadison River. 
c3 As we drive e a s t ,  the Mount Jackson Rhyolite i s  

exposed on the south side of the canyon. On t h  
lope,  i t  i s  overlain by the u p p e r  pa r t  of 
A of the Lava Creek T u f f ,  which has been 

described as: 

r3 B r o w n  t o  br ight  p i n k ,  Densely welded 
throughout . Devitrified except f o r  minor 
vi t rophyric  lenses i n  lower par t .  Contains 
abundant phenocrysts a s  much a s  5 mm and 
l a r g e r  of quartz ,  sanidine,  and sodic  
plagioclase,  moderately abundant opaque 
oxides and hornblende , and sparse  a1 1 an 

Pinedale t i l l  t a l u s ,  rubbl , and sand and gravel 
mantle the bedrock outcrops along the river, 

M t .  Haynes is  the prominent  peak t o  the south. 

About here we cross the northwestern f a u l t  scarp 
of  the Yellow tone Caldera. As we t r ave l  e a s t ,  
the mad general ly  follows the Caldera margin. 
Detailed seismic studies were undertaken by 
University of Utah personnel and o thers  i n  Ju ly  t o  
determine whether any shallow magma may e x i s t  i n  
the Caldera. Eaton and others (1975) concluded on 
the bas is  of grav i ty ,  aeromagnetic, earthquake 
epicenter and seismic wave pat te rns  tha t :  “a body 
composed a t  l e a s t  p a r t l y  of magma underlies t 
region of the rhyo l i t e  plateau,  including the 
Tertiary volcanics  immediately t o  i t s  northea 

F u r t h e r  geophysical evidence of the anomalous 
nature  of  the Yellowstone Caldera is presented i n  
I y e r  (1979), where i t  is  suggested t h a t  a body of 
low seismic ve loc i ty  material  extends beneath the 
caldera t o  a depth of 200-250 km. Morgan and 
o thers  (1977) conclude, on the bas i s  o f  heat  flow 
da ta ,  t h a t  a cooling ba tho l i th ,  perhaps w i t h  som 
re-supply of magma, exists beneath the caldera .  
Smith and others (1977) present seismic, 
aeromagnetic, and gravi ty  da ta ,  and agree w i t h  the 
conclusion t h a t  a cooling ba thol i th  exists beneath 
the caldera  . 

w 
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I Smith and Ch ri sti ansen (1980) I U  

I summarize a l l  these data.  
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Heat supply f o r  hydrothermal a c t i v i t y  i n  the Park 
is  undoubtedly re la ted  t o  the magmatic a c t i v i t y .  
Rhyol i t ic  magmas t y p i c a l l y  occupy shallow chambers 
where the i r  inf luence on the sur face  hydrothermal 

Y 

i regime can be strong. Such magma, whether 
ted  o r  s o l i d i f i e d  b u t  still  warm, 
the heat t o  dr ive  Yellowstone 
systems. Basal ts  do not c r e a t e  la rge  

near-su rface magma chambers; instead they come 
from much g r e a t e r  depth. T h i s  implies t h a t  
basa l t s  do not m t a i n  residual near-surface heat 
i n  the vast  q u a n t i t i e s  found a t  Yellowstone 
(Foumier  and others, 1976; Morgan and o thers ,  

a basa l t  erupt ion the same age a s  the 
rhyol i te  erupt ions would not be ab le  

t o  maintain the hydrothermal systems. 

The rhyol i tes  exposed e a s t  of  M t .  Haynes on the 
south side of the canyon a r e  pa r t  of  the Central 
Plateau rhyol i te  and have been described as: 

Y 

Y 

t, 1 
i Large r h y o l i t i c  lava flows, each containing a 

wide var ie ty  o f  l i t h o l o g i e s  and dis t inguish-  
ab le  f r o m  one another  only by topographic 
forms and zonal development of various 
t ex tu ra l  f ea tu re s  and emplacement s t ruc tures .  
Most exposures a r e  dark pitchstone o r  
obsidian vitrophyres of  flow-layered o r  
flow-brecciated rhyol i te ,  b u t  gray t o  red 
pumiceous rhyol i te  and gray, brown, o r  
varicolored c r y s t a l l i n e  rhyol i te  also a r e  
common; a l l  v a r i e t i e s  can occur w i t h i n  a 

mm phenocrysts of quar tz ,  sanidine,  opaque 
oxides, and, i n  glassy zones, sparse  c l ino-  

a l s o  contain minor sodic plagiocl 
phenocrysts . 

I 

(9 s ing le  flow. A11 flows contain abundant 1-3 
1 

I pyroxene and f a y a l i t i c  o l iv ine ;  a 

19 

1 

The West Yellowstone flow, which i s  exposed from 
this point e a s t  t o  Madison Junction, has been 
dated a t  about 114,500 t 7,300 ears .  North of 

Jackson Rhyolite is overlain by the lower pa r t  of 
Member A of the Lava Creek T u f f ,  which has been 
described as:  

1 
the river, the Harlequin Lake f ! ow of the M t .  

r13 

1 
1 
~ 

i 

Generally p i n k i s h  gray t o  l i g h t  ray 
nonwelded t o  p a r t l y  welded ash-f ow 
G1 assy t o  vapor-phase zone . Contains 
abundant l i t h i c  inclusions and some very 
la rge  ,pumice blocks (some nearly 1 m )  . 

9 
0 

I Contains moderately abundant smal 1 (general ly  
, 1 mm o r  less) phenocrysts of quartz ,  

9 iu 
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sanidine, and sodic plagioclase, moderately 
abundant hornblende and opaque oxides , and 

I sparse a l lan i te .  

1 Outcrops of Madison River  Basalt, described as 
"gray t o  black containing abundant phenocrysts of 

the north slope. Hember 8 o f  the Lava Creek Tuf f  
over l ies lnember A on the h i l l  north o f  the road. 

1.7 13 .9 Madison Junction, t u r n  l e f t  (north). This i s  the 
confluence of the Gibbon and Firehole r ivers,  
which f o n  the Madison River. 
Mountain, southwest o f  the i n  
comemorates the  formation o f - t h e  idea of a 

Cornelius Hedges, a j o u r n a l i s t  t r a v e l l i n g  wi th the 
Washbum expedition o f  1870, i s  credi ted w i th  
suggesting, whi le  camped a t  the  s i t e  o f  the 
present campground, t h a t  the Vel 1 owstone area 

r4 should be set aside and preserved. The act  
se t t ing  aside the Park passed Congress on March 1, 
1872 . 

1 

I 
I plagioclase and 01 i v i  ne" have a1 so been mapped on 

lc13 
ark t o  preserve Yellowstone's features. 

I 0.8 14.7 Terrace Springs Complex. Bath Springs and Terrace 
Springs form the  major o u t l e t  
62OC, and has a f low o f  about 
apparent b o i l i n g  o f  t h i s  sp r i  

where s i l i c a  and t rave r t i ne  have both been 
deposited (Marler, 1973, p. 599-600) . foumie r  
and Truesdell (1974) used Terrace Spring as a 
demonstration o f  mixing o f  hot and co ld waters 
without enthalpy loss from the  hot water 
component . 
Nez Perte Flow o f  the Central Plateau Rhyolite. 
This flow has been dated a t  about 160,000 years. 

i Y  

j 

0 

i 

i 0 Terrace Springs i s  one o f  fou 

I 

I 

I The h i l l s  south o f  the r i v e r  are composed o f  the 

i y s  

j j 0.7 15.4 The Gibbon R iver  flows along a bottom of humic 
~ 

~ 

w i th  Pinedale fan gravels, kame 
till and rubble forming the higher 

I 0.3 15.7 The prominent c l i f f  north o f  the road i s  composed 
I of the  lower and upper par ts  o f  member A of the 

Lava Creek Tuff. As we proceed east, we w i  11 
d r i v ing  across the  upper par t  o f  member A. 

Member A o f  the Lava Creek Tuff,  i s  east o f  the 
h i  ghway . 

Y 3 03 19 00 Gibbon Fal ls,  which flows across the upper par t  o f  

10 
Y, 



I 
i 
i 

0.4 

1.3 20.7 Bridge across the Gibbon River. 

0.6 

19.4 The small outcrop on the west side of the road has 
been mapped as p a r t  of the Lava Creek T u f f .  I 

21 03 As we proceed n o r t h  t h r o u g h  Gibbon Canyon, the 
rocks on the west side of the river are member A 
of the Lava Creek T u f f ,  and the rocks on the east 
side of the river are the Gibbon River flow o f  the 
Plateau Rhyolites. The Gibbon River Flow has a 
reported K-Ar age of about  87,000 years; i t  
erupted from a vent along the caldera r i m ,  and 

side of the canyon. They ponded a lake t h a t  may 
have extended as f a r  n o r t h  as the Norris Geyser 

I U  
Y 

j flowed over pre-existing Nez Perce flows. The Nez 

I Y  Basin . 
I 

I Perce flows may be locally preserved on the west 

0.3 21.6 Bridge across the Gibbon River. 

0.4 22 .o Sinter terraces on the east side of the river. 

i 

i y  

i 

I 

Beryl Springs. A steam vent blows behind the main 
springs. A large zone of alteration may be 
observed around the sp r ing .  Siliceous sinter 
deposits continue along the river t o  the n o r t h .  
These sinter deposits imply a .base reservoir 
temperature above 180OC. The caldera qargin is 
inferred through geologic mapping t o  be along o r  
just east of the Gibbon River here. 

As we travel through the Park, the stress placed 
on vegetation by thermal activity may be easily 
noted. White (1978), while including other 
possible factors such as depth t o  water table, 
concluded t h a t  normal tree growth occurs 1 areas 

cal /cmz/sec) conducti ve heat flows , stunted growth 
of trees occurs i n  areas of 200-400 HFU, and no 
growth occurs i n  areas w i t h  greater t h a n  500 HFU. 

10 

i 
I 
~ 

I 

of less t h a n  200 HFU (heat flow units, 10' 8 
0 

0.4 22.8 Bridge. 

0.6 23.4 Enter Gibbon Meadow, a popular  place t o  observe 
elk. The surface deposits In the meadow a m  
primarily diatomaceous si l t .  Su 

I activity i s  most evident along t 
i basin. The rocks surrounding t h  
I ~ 

south margins of the bas in  are rnembers A and 6 of 
, the Lava Creek Tuf f .  Outcrops of rhyolite 

adjacent t o  the east side o f  the road a t  the south 
end o f  the basin have been tentatively correlated , W  
w i t h  the Nez Perce Creek flow of the Central 1 

, Plateau Nember. 

10 
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I 
1 

Paintpot H i l l  i s  the prominent h i l l  on the 
southeast side o f  the  basin. 
Obsidian Creek Member o f  the Plateau Rhyoli te, 
which has been described as: 

iw 
j 

It i s  pa r t  o f  the 

Extrusive r h y o l i t i c  domes, each w i th  a core 
o f  gray c r y s t a l l i n e  rhyo l i t e  and a she l l  of 
black v i t rophyre o r  gray pumiceous f low 
breccia. Contains 1-2 mm phenocrysts of 
quartz , sani d i  ne , sodic p l  agi ocl  ase , opaque 
oxides, and spa rse c l  i nopyroxene . Age 
re1 a t  i ons between i ndi v i  dual domes o r  between 
the Obsidian Creek and Upper Basin Members 
are uncertain. 

I 

1 The Gibbon H i l l  and Geyser Creek domes occur east 
1 o f  the  basin. The domes were probably emplaced 
l 

I 

shor t l y  a f te r  the extrusion o f  the Lava Creek Tu f f  
and the collapse o f  the  caldera a t  600,000 years 
ago. 'U  

1.4 24.8 Enter the small canyon associated w i th  the Gibbon 
i 
1 

R iver  Rapids. Bedrock i s  member A o f  the Lava 
I Creek Tuff. Chocolate Pots hot springs a r e  along 
I both sides of t he  r iver .  One small spr ing issues 

f rom gravel fill used as a mad base. 
I Y  

0.7 25.5 Enter Elk Park. Bedrock here i s  covered by humic 
al luvium along the r ivers,  w i th  diatomaceous s i l t  

I 
and s i l iceous s i n t e r  deposits comprising the rest  
of the basin. The h i l l s  around the basin are 
composed o f  Member B o f  the Lava Creek Tuff. A 
few small hot springs are present ly act ive i n  the 

We are now d r i v i n g  along the south edge o f  the 
Norr is  Geyser Basin, where we w i l l  be stopping 
tommorow. 

I 

! 

! 
1 

I @  I park. 
I 
I 

1.1 26.6 I 

i Q  

I 1.1 27.7 Intersection; t u r n  r i g h t  (east) toward Canyon. 
1 
I 

From here u n t i l  o u r  f i r s t  stop we w i l l  be 
t rave l i ng  on Pinedale till aod sand deposits. The 
sand i s  e i t h e r  stream o r  outwash and stream 
deposits. Humic al luvium i s  res t r i c ted  t o  the 

I 

2 0  v i c i n i t y  o f  present streams. Bedrock beneath the 

4 the Lava Creek Tuff. 

1.6 29.4 stop 1. 

i su r f i c i a l  deposits has been mapped as Member 9 o f  

1 i 
V Turn o f f  f o r  the V i rg in ia  Cascades Road. The 

narrow road precludes parking the  busses a t  the 
outcrop, so we w i l l  have the busses drop us o f f  
and then walk up the mad t o  the parking area. 



The outcrops a r e  Lava Creek T u f f ,  which show many 
of t h e  f ea tu res  of  ash flow tuff s t ra t igraphy.  We 
will see the contact  between members A and B of 
the tuff. 

Return t o  main highway and t u r n  r i g h t  (East) .  

Exposure of vi t rophyre i n  new road cut, The rock 
is the Sol fa ta ra  Plateau flow of  the Central 

Member of the Plateau Rhyolite,  T h i s  flow 
Ar age of about 100,000 years.  The 

rhyol i te  i s  covered by Pinedale t i l l .  A t  
approximately this p o i n t  we a r e  crossing the 
northern f a u l t  scarp of  the Yellowstone Caldera. 

Zone of hydrothermal a l t e r a t i o n  and hot ground 

Forest f i re  area  on north side of  road. 

A t  the break i n  the f o r e s t ,  we enter Cascade 
Meadows. Outwash and a l l u v i a l  depos i t s ,  w i t h  humic 
alluvium along stream courses,  cover  bedrock i n  
the meadow, 

In te rsec t ion ,  t u m  lef t  (North) toward Y t .  
Washbum and Tower. As we dr ive  north from the 
in t e r sec t ion ,  the mad i s  on the Canyon Flow of 
the Upper Basin Yember o f  the Plateau Rhyolites. 

flow has been described as: 

Rhyolitic lava flow, Most exposures a r e  
brown o r  dark-gray c r y s t a l l i z e d  rhyol i te ,  b u t  
black pi tchstone v i t rophyre  and gray 
pumiceous rhyol i te  occur a t  the margins. 
Contains abundant 1-5 mm phenocrysts of 
quartz  and sodic  plagioclase,  and, i n  glassy 
zones, clinopyroxene. No sanidine 
phenoc tyst s . 

This  flow i s  exposed above the Upper F a l l s  of the 
Yellowstone River a t  Canyon. Pinedale t i l l  f o m s  
the su r f i c i a l  deposi ts .  

Cross the mapped t r a c e  of the northern f a u l t  scarp 
of the Yellowstone Caldera. The bedrock changes 
f r o m  the Canyon flow t o  the Dunraven Road flow o f  
the Upper Basin Member of the Plateau Rhyolites,  
which has been described as: 

S imi la r  t o  rhyo l i t e s  of Central Plateau 
Member b u t  contains  abundant phenocrysts of 
sodic plagioclase;  c l  inopyroxene phenocrysts 
a re more abundant , 

13 



0.5 41.5 The mck on'the south side of the road is Ounraven 
Road flow, w i t h  andesite flows of the Lamar River 
Formation on the n o r t h  side of the mad. The 
Lamar River Formation is p a r t  of the Absaroka 
Volcanic Supergroup, which i s  preserved outside 
the caldera. We will view the Absaroka volcanic 
field fmm M t .  Washbum. Smedes and Prostka 
(1972) describe the Lamar River Formation as: 

I' . . .we1 1 -bedded coarse a1 1 uv i  a1 facies 
volcanic conglomerates, breccias, and tuffs." 

The andesite flows are described on the geologic 
maps as: 

Medium-gray and brown platy-jointed lava 
flows and flow breccias of hypersthene-hom- 
blende andesite and dacite. This u n i t  forms 
a small volcanic shield i n  the lower p a r t  of 
the Mount 'dashburn composite volcano. 
0-1,400 feet (0-427 m) t h i c k .  

Smedes and Prostka (1972) considered the Lamar. 
River Formation t o  be late Wasatchian o r  early 
Bridgerian age; this is  about 49 m.y. 

which has been described as: 
0.8 42.3 . The mad here crosses onto the Sepulcher Formation Iv 

t ight-brown t o  yellowish-gray and 
greeni sh-gray epiclastic volcanic breccia, 
conglomerate, sandstone, and tuffs. Clasts 
are a variety of colors--gray, green, 
red, bmwn , and ye1 1 ow--of ho mbl ende- 
biotite-bearing pyroxene andesite, qua 
l a t i t e ,  and dacite. Fragments of Precambrian 
metamorphic rocks occur locally i n  lower 100 
feet (30 m) of u n i t .  Fossil trees are 
especially abundant i n  some horizons, and 
fossil leaves occur i n  t h i n  porcelaneous tuff 
beds. Proportion of coarser beds increases 
eastward and southward as the u n i t  grades 
i n t o  and interfingers with the a l luv ia l  
facies of the Lamar River Formation. 0-1,400 
feet (0-427 m) thick. 

A t  this po in t ,  the road climbs out o f  plateau 
rfiyolites and will remain i n  various facies of the 
Absaroka Volcanic Supergroup t o  Ounraven Pass. 
Pinedale t i l l  and rubble mantle the hillsides. 

0.6 42.9 View east toward Washbum Hot Springs. These 
sp r ings  have the characteristics of a vapor 
dominated system. 0. E. White (written corn., 
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, 

1980) points out, however, that the discharge o f  
high ch lor ide waters through the hot springs a t  
Seven ! f i l e  Hole i n  the Grand Canyon o f  the 
Yellowstone indicates an underlying water 

,o 

! dominated par t  o f  t h i s  hydrothermal system. 
1 
' ,  

1.5 44 04 stop 2. 
Y 

I Dunraven Pass Picnic area. We w i l l  h ike the 

! 

Chittenden Road t o  the overlook o f  the Yellowstone 
Caldera and the Absaroka Range. Schultz (1962) 
summarized the  topography and volcanic h is to ry  o f  
M t  . Washbu m by sayi ng: 

"The cone associated w i th  the vent o f  the 
Washbum volcano was broad and 
erosi on-sca rred , wi th  d i  ps up t o  250 nea rothe 
vent. Generally, slopes var ied between 6 
and 12O away f r o m  the vent area, but were 
only 30 t o  40 i n  ou t ly ing  areas. The cone 
was approximately 25 t o  30 mi les i n  diamet 
a t  the base and stood 3,000 feet  above the  
general te r ra in .  I n  re la t i on  t o  the present 
general e levat ion o f  the mgion and the 
height o f  M t .  Washbum (10,243), the maximum 
elevat ion o f  t he  cone was probably nearly 
12,000 feet. Eruptions f r o m  the vent %ere . 

spasmodic, and were separated by r e l a t i v e l y  
long periods o f  quiescence. During these 
periods, rapid erosion attacked the cone, 
causing the paleotopography and the 
cu t -and- f i l l  s t ructures that occur i n  breccia 
outcrops o f  Ivlt . Washbu rn .'I 

"It i s  proposed t ha t  the vent o r  vents f o r  
the volcanic rocks i n  the Mt .  Washbum region 
i s  Carel located two t o  three miles southeast 
t o  south-southeast o f  M t  . Washbum. The vent 
i s  now buried beneath the plateau fomed by 
the  Canyon (Plateau) flows and probab 
s i tuated on the northwest side o f  the 
Canyon. 

Mt .  Washburn has many o f  the charac ter is t i  
as extensive mud f low deposits, t ha t  are found on 
modem volcanos 1 i ke # t  . S t .  Helens. 

The rocks exposed along the t r a i l  we w i l l  h ike are 
par t  o f  the vent facies o f  the Lamar River  
Formation, which has been described as: 

Medium- t o  dark-gray and brown lahar ic  
breccias, autoc last ic  f low breccias, t h i n  
discontinuous lava flows, and tu f f s ;  a l l  
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variably altered t o  shades of red, purple, 
10 ish gray. Lava flows and 

I pyroxene-hornblende andesite. These deposits 
have primary dips o f  as much as 30 degrees 
and form p a r t  of the Mount Uashbum composite 
volcano centered i n  the southwestern comer 
of the quadrangle. T h i s  u n i t  grades i n t o  and 
interfingers w i t h  the a l l u v i a l  facies 
northward and northeastward away from the 

thick. 

re of pyroxene andesite and 

I 
,+r 

i volcanic center. 0-3,000 feet (0-914 m) 
I 

e relations between vent and a l luv ia l  facies 
Absaroka volcanic rocks are illustrated i n  Figures 

Return t o  vehicles. We will retrace our route t o  
Canyon Vi 11 age. 

5 .O 49 04 Canyon Intersection. Proceed s t r a i g h t  (south). 
Immediately south of the intersection the road 
travels on Pinedale sand and t i l l .  The bedrock t o  
the south is composed of the Canyon flow of the 
Upper Basin Member and the Hayden Valley flow of 

.the Central Plateau Member; these are separated b 
v sediments of the Upper Falls. The sediments are 

chiefly lacustrine sands and s i l t s ,  w i t h  local 
gravels and pumiceous t u f f ,  formed during the 
i n t  ra-Bull Lake interval . 
Turn  left (east) fo r  Artists Poin t .  The oldest 
known sinter deposits i n  the pa& are exposed i n  
madcuts on the way t o  the parking area; they are 
interbedded w i t h  caldera f i l l  sediments (0. E. 
mite,  pers. corn., 1980). 

t o  the overlook of the Grand Canyon of the 
Ye1 lowstone . 
The canyon is cut i n  the Canyon Flow o f t h e  Upper 
Basin #ember of the Plateau rtiyolite. The Canyon 
Flow has been K-Ar dated a t  about 590,000 years. 
Christiansen and,Blank (1972, p. 13) say: 

0 
I 3 and 4. 
I 

< w  

4 I 

I 

7 .5 51.9 
0 

1.7 53.6 Stop 3. Artists Point parking area. We will walk  
0 

(u 

"In our interpretation, the rhyolite section 
I n  the upper Grand Canyon area consists of a 
basal largely agglutinated a i  r-fall tuff 
overlain successively by the Canyon flow 
proper and by a younger flow exposed near the 
Dun raven Pass Road .'I 

,Y 
I 

I The Canyon flow probably erupted i n t o  a lake 

16 e, 
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FIGURE 4, Hypothetical cross sectfon, shodng facies relation- 
ships o f  two vent complexes (A and 8) and the intervening vol- 
canic sediments derived f r o m  them, From Smedes and Prostka, 1972, 
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\ ponded by the collapse of the caldera  following 

the eruption of the Lava Creek T u f f  (Richmond, 
1976, p. 6). 

The colors of the rocks a r e  pr imari ly  due t o  the 
formation o f  i r o n  oxides and hydroxides f r o m  
hydrothermal a c t i v i t y .  Hot spr ings  nay s t i l l  be 
seen near river level both upstream and downstream 
from Artist's Po in t .  

\, 

The canyon i tself  has been cut i n  successive 
s tages ,  re la ted t o  in t e rg l ac i a l  meltwaters, floods 
produced by volcanic eruptions i n t o  lakes, and 
catastrophic lowering of lakes by sudden melting 
and hydrothermal explosions (Richmond, 1976). 

1.7 

1.3 56.6 The Sol fa ta ra  Plateau flow forms the h i l l  west of 

55 03 Return t o  main road and proceed r igh t  (south) 
toward Mud Volcano. 

the river; the Hayden Valley flow forms t h e  h i l l  , v  
j east o f  the river. 

0.7 57 03 Enter Hayden Valley. Glacial lake, kame, and t i l l  
depos i t s  form the va l ley  floor. The e a r l i e s t  l ake  
was o l d e r  t h a n  the 100,000 y e a r  Hayden Valley flow 
of the Central Plateau Member of the r i~yo l i t e s .  
Three younger lakes a lso formed during B u l l  Lake 
late s tade ,  B u l l  La e-Pinedale i n t e r g l a c i a l ,  and 
Pinedale g lac ia l  times. These lakes also ex is ted  
i n  the present area of Yellowstone Lake. The 
youngest g lac ia t ion  i n  Hayden Valley was probably 
about 12,600 t o  12,000 years  ago (Richmond, 1976). 

The mad climbs a small h i l l  o f  Hayden Valley 
flow, Pinedale t i l l ,  B u l l  Lake sediments, and 
flood deposi ts .  

I 

IW 

8 Q J  

1.0 58.3 

,Y  0.6 58.9 s top  4. 

Turn out  f o r  a view of the Sour Creek 0 
Valley, the Absaroka and Washbum Ranges 

T h i s  stop provides a view of the Sour Creek 
13 resurgent dome t o  the east across the Yellowstone 
i River. The resurgent phase of the caldera  
i followed collapse and i s  produced by magma 

pressure f r o m  beneath. T h i s  is  a structural dome 
i n  contrast t o  extrusive lava domes exposed 
elsewhere i n  the park. As a stmctural  u p l i f t ,  
o l d e r  portions of the s t r a t igmphy  are  exposed 
w i t h  bo th  members A and 8 of the Lava Creek T u f f  
and small a E a s  of Huckleberry Ridge T u f f  present. 
The surface o f  the resurgent dome i s  broken i n t o  

1 
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discrete blocks by numerous normal f au l t s  forming 
an orthogonal pattern. An apical graben of ten 
forms as par t  o f  t h i s  f a u l t i n g  which i s  produced 
by extension associated wi th  u p l i f t .  The 
topographic expressions o f  the f a u l t s  can be 
observed although the f a u l t s  themselves a r e  
mantled by till . Numerous hot springs and areas 
o f  a l tered ground can be found on the margins of 
the resurgent dome although the central port ion o f  
the structure contains no thermal manifestations. 

1.1 60 .O Hydrothermally al tered sediments and lands1 ide 
topography a= v i s i b l e  on the west side o f  the 
highway. 

2.7 62.7 stop 5. 

Mud Volcano - Sulphur Cauldron area. We w i l l  park 
i n  the fdud Volcano parking l o t  and walk the t r a i l  
t o  the southwest. I f  there i s  time, you may wish 
t o  walk the  several hundred yards north along the 
highway t o  the overlook o f  Sulphur Cauldron. 

This stop w i l l  provide the opportunity t o  observe 
the surface mani festat ions o f  a vapor-dominated 

pots a re  present. Note the smal l  amount o f  actual 
run o f f  f r o m  the e n t i r e  area. The s u l f u r  cauldron 
area has been mapped i n  de ta i l  by White and others 
(1971) and i s  the area o f  research d r i l l  hole 

s i l iceous hot spring deposits along the 
Yellowstone R iver  i nd i ca t i ng  tha t  the geothermal 
system a t  one t i m e  was w a t e r  dominated. The 
change f rom a water dominated t o  a vapor dominated 

o f  impermeable margins, which r e s t r i c t s  recharge 
o f  water and leads t o  the lowering o f  the water 

The t rans i to ry  nature o f  thermal phenomena i s  
i l l u s t r a t e d  a t  Mud Volcano. A series of 
earthquakes i n  ear ly  1979 l ad  t o  great ly increased 
thermal a c t i v i t y  here. Many trees have since been 

chemical analysis from t h i s  a r e a  i s ' i nc luded  on 
Table 3. 

the Mud Volcano area o f  approximately 14 mm/year. 

It i s  important i n  thermal areas t o  remain on the 
walkways provided. I n  par t icu lar ,  hydrothermal 
s i n t e r  deposits of ten form a t h i n  crust on the 

Numerous acid su l fa te  springs and mud 
Y 

I Y-11. Christensen and Blank (1975) have mapped 

I system i s  thought t o  resul t  f r o m  the development 

I @  I 

I 

0 tab le  through boi l ing.  

0 k i l l e d ,  and new mudpots are  developing. A 

. corn., 1980) reports u p l i f t  

ct 
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TABLE 3 

(see references for sainpl ing and analytic details)  
Chemical Analyses of Ye1 lowstone- Waters 

U 

Norris Basin Upper Basin Mud Volcano Mammoth 
Echinus Geyser1 Interchanye S p l  Old  Faithful2 Churning Cauldron2 E .  Jupiter Terrace2 

Temp ( O C )  93 74 85 55 72 
W 

PH 3.01 8.6 9.1 1 .7  6 -25 

Si02 256 

Fe 

275 

< ,02 

390 325 

38 

52 

<.l ~ 





DAY 2 - CANYON TO OLD FAITHFUL 

From Canyon t o  Dunraven Pass i s  along the same 
route as yesterday, from miles 39.4 t o  44.4. 

As we cross Dunraven Pass, the road i s  on vent 
facies o f  the Lamar R iver  Formation tha t  we looked 
a t  yesterday. For the next several miles toward 
the north, the breccias o f  t h i s  facies a re  we l l  
exposed on the east s ide o f  the highway. 

The high peaks west o f  the pass a r e  also composed 

The val ley o f  Tower Creek i s  v i s i b l e  t o  the north 
and northwest. The northeast-sloping benches i n  
the val ley a re  Member 8 o f  the Lava Creek Tuff. 

As we proceed, the road passes from vent facies t o  
facies o f  the Lamar R iver  Formation. The 
facies o f  the Langford Formation i s  also 
long the road; t h i s  has been described 

ka volcanic rocks. 

as: 

Light-gray t o  medium-gray well-sorted, 
massively bedded a1 luv ia l - fac ies volcanic 
b k c c i a  and conglomerate consist ing o f  
dark-gray subangular t o  subrounded c lasts  of 
pyroxene andesite and hornblende andestte i n  
a l i g h t -  t o  medium-gray ash-rich mat r ix .  
2,000 feet  (610 m) th ick.  

The Langford Formation has been da d a t  about 48 
m.y. (Smedes and Prostka, 1972). 

Turn o f f  t o  Chittenden Road parlting area. Proceed 
along main highway. The t i g h t  switchback 
imnediately east o f  the tu rn  o f f  i s  i n  the 
a l l u v i a l  facies o f  the Lamar R iver  Formation, 
which has been described as: 

Medium- t o  light-brown, yellow, and green, 
well-bedded a l l u v i a l  - facies volcanic 
conglomerate sandstones t u f f  and w e l l  sorted 
breccia; fragmentssre subangular t o  
subrounded c las ts  o f  pyroxene andesite and 
pyroxene-hornbl ende andesite; 1 ower 100 f e e t  
(30 m) o f  u n i t  l o c a l l y  contains sporadic 
Precambrian metamorphic rock fragments. 
Fossi l  trees, common throughout t h i s  un i t ,  
are especial ly abundant i n  the  f i n e r  grained 
beds. This u n i t  grades i n t o  and in ter f ingers 
w i th  the Sepulcher Formation t o  the west, and 
with the vent facies o f  the Lamar River 
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I Formation t o  the southwest. 80-1,400 feet 
.ry (24-427 m )  thick. 

I Pinedale t i l l  and rubble mantle the slopes. 
I 

1.1 11 0 1  View toward the northeast of the Absaroka volcanic 
pile. The near hills across the river are 
Specimen Ridge, where extensive Eocene forests 
have been preserved. Dorf (1960) described these 
forests as covering more t h a n  40 square miles, 
having hundreds o f  u p r i g h t  trees, identifiable 
par ts  of over 10 plants, and a vertical 
succession of up t o  27 forests. F r i t z  (1980a, 
1980b) has re-examined these concepts, and prefers 
a two-part model . Trees from h i g h  Absaroka 
volcanic sl opes could have been transported 
downslope by mud flows, which then would have been 
re-worked by braided streams. This model could 
explain the mixing of cooler and warmer climate 
trees found on Specimen Ridge. The forests are in 
p a r t  of the Lamar River Formation. 

Lamar River a l l u v i a l  facies crop out  on the west 
side o f  the road. Pinedale kame deposits form the 
slope toward Ante1 ope Creek . 
outcrop along the road. 

exposed i n  road cut. This u n i t  has been described 
as: 

$ @  

w 

1.7 12.8 

(3 1.3 14.1 . Member 8 of the Leva Creek T u f f  i s  exposed i n  the i 
i 
1 

1.4 15.5 Junction Butte Basalt (approximately 2 m.y. o l d )  

‘ S  
- 

Dark-gmy basalt lava flows characterized by 
we1 1 -devel oped two-t i e red col umna r j o i  n t  i ng . 
Basalt i s  dense, aphanitic, and contains 
sparse pl agiocl ase phenoc rysts; local l y  
overlies gravel, sand, and s i l t  t h a t  are  

The road passes better outcrops between Tower 
Falls and Calcite Springs.  

~ 

I 
~ 

; Q  mapped w i t h  the basalt .  

0.7 16.2 Tower Falls t u r n  out,  proceed n o r t h  on main 

0.1 16.3 Cmss Tower Creek. The fa l l s  and creek are i n  the 
Sepulcher Formatdon. Off-trail h i k i n g  i n  th is  
area i s  particularly dangerous as  the rocks o f  the 
Sepulcher Formation are loose. 

Y road . 
I 

~ 

i6 
I 0.2 16.5 The overhanging cliff  flow of the Junction Butte 
I Basalt is  exposed i n  the spectacular roadcut. The I basal t  here is  about 30 m thick, and shows I 



I t 

* .  two-tiered j o i n t i n g  (Christiansen and Slank, 1972, I 

0 p. 69). 

0 .5 17 .O Stop 6. I 

! Turnout f o r  Ca lc i te  Springs overlook. Good 

13 Narrows a r e  present i n  the canyon wa l l s .  These 
I 

I 
I 
I 

G 

! 

I 

f 

exposures o f  the sediments and basalts o f  the 

have been desc ri bed as : 
I 
I 
1 Ye1 1 owi sh-brown we1 1 -sorted gravel s and 

in te r1  aye red da rlc-g ray col  umna r- j o i  nted 1 ava 
flows o f  dense aphanitic basalt containing 
plagioclase phenocrysts; u n i t  occupies 
pre-Lava Creek Tuff paleovalley. 

The mountains t o  the north are  composed o f  
Precambrian rocks, while those t o  the east are 
Absaroka volcanic rocks. Calc i te Springs i s  
v i s i b l e  along the Yellowstone R iver  a t  the base o f  
Bumpus Butte. Pinedale till mantles the ridgetops 
on both sides o f  the r iver,  

Return t o  vehicles, proceed north toward lower 

Basalt forms the cap on Bumpus Butte, Member 8 o f  
the Lavz! Creek Tuff forms the h i l l  behind Rainey 
Lake, and hot spring t rave r t i ne  deposits form the 
l a s t  h i l l  before dropping down t o  the junction. 

mad t o  the r i g h t  (north) leads t o  the northeast 
entrance o f  the park, Cooke City, and the 
Beartooth highway (regarded by some as the most 
spectacular road i n  the U. S.). Precambrian rock 

studied f o r  f i e l d  evidence o f  grani t i ra t ion.  The 
s u r f i c i a l  deposit a t  the in tersect ion a re  
Pinedale kame and fan gravels, with recent gravel 
and fine-grained al luvium along stream courses. 

As we proceed west f r o m  the junction, we w i l l  be 
d r i v ing  over various facies o f  Absamka volcanic 
rocks which are covered by Pinedale till and 

The mad climbs the h i l l  approximately along 
contact o f  the main body o f  t h e  Sepulcher 
Formation i n  the h i l l s  south o f  the road and 
Lost Creek T u f f  member o f  the Sepulcher Formation 

main body o f  the Sepulcher has been described as: 

I 
I 

/y 
i 
i 
4 Junction. As we d r i ve  north, Junction Butte 

cr, 

1 
I 

i 1.6 18.6 Tower Junction, Proceed s t ra igh t  (west). The 

b 

i o f  the Beartooth lateau has been extensively I 
I 

Y rubble. 

0 .6 19 .2 

I c i  which covers the f l a t s  north o f  the road. The 
I 

I Light-brown t o  yellowish-gray and 
I 

24 
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red,  b rown and ye1 1 ow--of hornblende- and 
bea ri ng pyroxene andesite , qua r t z  
and daci te  . Fragments of P recamb ri an 

especially abundant i n  some horizons,  and 
fossil leaves occur i n  t h i n  porcelaneous tuff 
beds. Proport ion of coarser beds increases 
eastward and southward as the u n i t  grades 
in to  and interfingers w i  
facies o r  the Lamar Rive 

Q 

I 
.Id 

Good exposures o f  the Lost Creek T u f f  Member will 
be mentioned below. 

0.9 20.1 Road t o  Petrified Tree. We will proceed west, as 

25 w 

strata mapped as interbedded Lamar River Formation 
a l luv ia l  facies. Small exposures of Pliocene 
siltstone and sandstone a r e  also present on the 



o l i v i n e  occur i n  h igh ly  var iable amounts and 
sizes f r o m  f low t o  flow. Un i t  i s  a t  

I d i f ferent  l o c a l i t i e s  a member o f  the 
Sepulcher o r  the Lamar R iver  Formation and i s  
inter layered wi th  lower par ts  o f  both 
formations. 0-400 fee t  (0-122 m) th ick.  

The road climbs along the contact between the Lost 
Creek Tu f f  on the  nor th  side and the main body o f  
the Sepulcher Formation on the south side. 

Exposures o f  Crescent Hi1 1 Basalt on both sides o f  
the road. The Crescent H i l l  Basalt: 

I 

(0 1.9 24.3 

1.3 25.6 

I ( . . .  consists o f  two flows o f  scoriaceous, 
p a r t l y  pi l lowed trachybasalt which have an 
aggregate thickness o f  about 250 feet." 

bi 

1 (Smedes and Prostka, 1972, p. C23) 

Smedes and Prustka (1972) consider the Cmscent 
H i l l  Basalt t o  have an e a r l y  6r idger ian Provincial  
age (approx. 48 m.y.). 

Phantom Lake on the south s ide o f  the highway. 

The Undine F a l l s  Basalt i s  exposed along the  road. 

600,000 years old; it confomably underl ies the 

812) . 
0.5 27.5 Black ta i l  Plateau Drive (not recommended f o r  

buses) . 
1.3 28.8 As we round the comer, the G a l l a t i  

v i s i b l e  on the  sky l ine t o  the  west. 
t h i s  point  has t raveled near Yiss is  
Canyon Limestone and Pennsylvanian Quadrant 
Sandstone, which are brought t o  the surface along 
Gadner  Fau l t  Zone (Ruppel , 1972). 

The Gardiner Faul t  Zone i s  discussed i n  de ta i l  by 
Fraser and others (1969). The f a u l t  has been 
mapped f rom Cinnabar Mountain, north o f  the park, u 0 southeastward t o  Ht. Washbum, but  Fraser and 
others (1969) c i t e  evidence tha t  the f a u l t  may be 
140 miles long, f r o m  the  v i c i n i t y  o f  Cody, Wyoming 
t o  the Madison Range i n  Montana. It i s  a 
high-angle reverse f a u l t ,  wi th more than 10,000 
feet of displacement . Most o f  the  movement took 
place during Laramide tectonism, but Pliocene (2 )  
basal t  has been o f f se t  400 feet, and Pleistocene 
deposits have been o f f se t  a few tens o f  fee t  along 
the fault .  The Gardiner Faul t  forms the southwest 

u 
I 

1 .o 
0.4 

26.6 

27 .O 
i 

I This basal t  i s  estimated t o  be between 700,000.and - . 
J -0 
I 
I Lava Creek Tuff (Christiansen and Blank, 1972, p. 

, e  

w 

26 
10 



margin o f  the Beartooth Block; i n  the v i c i n i t y  o f  
Gardiner, Precambrian rocks are adjacent t o  
Paleozoic and Mesozoic rocks. 

Isolated exposures o f  Huckleberry Ridge Tuff,  
which w i l l  be discussed below, are also preserved. 

The Ga l l a t i n  Range i s  an u p l i f t e d  horst  o f  
Precambrian t o  Eocene metamorphic, sedimentary, 
and in t rus i ve  rocks. The in t rus ions i n  the 
Ga l l a t i n  Range are Eocene and are a postulated, 
source f o r  some o f  the Absaroka volcanic rocks', 
(Smedes and Prostka, 1972) . 
As we dr ive  west, the road crosses Pinedale till, 
with kame deposits near the creeks. 

The low h i l l s  t o  the  north are Lava Creek Tuff. 

Outcrop o f  Lava Creek Tu f f  on the  southside o f  the 
road. A low outcrop o f  t h i s  t u f f  continues west 
i n t o  the  va l ley on the nor th  s ide o f  the  highway. 

Turn o f f  f o r  Wraith Fa l l s  where Lava Creek Tuf f  i s  
well  exposed. The Swan Lake F l a t  Basalt i s  found 
t o  the west. This u n i t  i s  younger than the tava 
Creek Tuff ,  but  was erupted soon enough a f t e r  the 
emplacement o f  the Lava Creek Tuf f  t ha t  i n  many 
places i t  preserves the  non-welded ashy top o f  the 
Lava Creek cool ing un i t .  The Swan Lake F l a t  
Basalt has been described as: 

t 

"...Generally...light gray t o  moderate gray 
and contains sparse t o  abundant large 
phenocrysts of plagioclase, as much as 1 cm 
acmss, and l o c a l l y  some o l i v i n e  
phenocrysts." (Christiansen and Blank , 1972, 
p.  915) 

Lupine Creek 

Turn out f o r  Undine F a l l s  parking area. We w i l l  
continue toward Mammoth. 

Exposure o f  Swan take F la ts  Basalt. 

Exposure o f  Undi ne Fa1 1 s Basal t . 
For the next several miles, W t .  Ev 
nor th  o f  Lava Creek Canyon. Prevolcanic rocks on 
Mt. Everts are, i n  ascending order, the Cetaceous 
Mowry Shale, F r o n t i e r  Sandstone, and Cody Shale. 
Further west, the Telegraph Creek Formation, Eagle 
Sandstone. and Everts Formation are also exDosed 

27 
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(Ruppel , 1972). ~ 

Mammoth Hot Spring i s  v i s i b l e  t o  the west. i y  0 01 33.4 
I 
I 

The cap o f  Huckleberry Ridge Tu f f  i s  eas i l y  
v i s i b l e  on Mt .  Everts. This u n i t  i s  the  oldest o f  
the ash f low t u f f s  i n  the Yellowstone group, a t  2 
m.y. 

It was erupted i n  the f i r s t  caldera cycle. Smith 
and Christiansen (1980) draw the  southern boundary 
o f  the caldera fmm which t h i s  t u f f  enrpted. The 
northern and eastern boundaries o f  the caldera 
have been obscured by l a t e r  volcanic ac t iv i t y .  

~ I 
1 

The Huckleberry Ridge Tu f f  has been described and 
separated i n t o  three members (Christiansen and 
Blank, 1972; Christiansen and others, 1978): 

Compound cool ing u n i t  o f  ash-flow t u f f .  Gray 
t o  brown general ly densely welded and 
d e v i t r i f i e d  but l o c a l l y  glassy or p a r t l y  
welded. Most par ts  contain abundant 
phenocrysts o f  qugrt t ,  sanidine, and sodic 
p l  agi ocl ase; spa ne opaque oxides , 
clinopymxene, and f a y a l i t i c  o l iv ine.  

I 

0 

1 

I 

i V 

I 

, 

jp I 

I 

! 

Member C - En t i re l y  dev i t r i f ied ;  commonly 
shows s t  rong 1 i neation o f  s t  retched we1 ded 
pumice and a1 igned phenocrysts; compaction 
f o l i a t i o n  comiionly deformed by flowage 
folding. Abundant l i t h i c  inclusions. 
Phenocrysts abundant but general ly smal l e r  
( less than 1 mm) than i n  members A and 80 
Thickness, 0-300 feet  (0-90 

Member B - En t i re l y  dev i t r i f i ed .  Phenocrysts 
abundant and pa r t i cu la r l y  large (as much as 5 ,u m) i n  upper part,  sparse i n  lower part. Two 

i types o f  welded pumice i n  upper part :  one 
very dark and scoriaceous, the  other  
1 ight-colored and compact. Thickness 0-500 
feet  (0-150 m) 

lvlember A - Mainly dev i t r i f i ed ,  but black 
v i tmphyre  a t  base. Phenocrysts, abundant i n  
lower part,  become progressively less 
abundant upward . Thickness, 0-700 fe 

U 

(0-210 m) 

CI Chri stiansen (1979) has estimated the combined 
volume o f  the  three members o f  the Huckleberry 
Ridge Tuf f  a t  2,450 km3 
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1.6 35 02 View toward northwest o f  Gardiner River Canyon. 
u This an?a was the  s i t e  o f  a wikiup v i l l a g e  

nat ive American inhabi tat ions i n  Yellowstone Park. 

t r ave l s  on Pinedale T i l  1 Travert ine deposits of 
Mamnoth Hot Springs and on Terrace Mountain are  

Ente r Hammoth , the pa rk headqua r t e  r s  . Cont i nue 

I occupied by Sheepeater Indians and one o f  the l a s t  
1 

I 0.1 35.3 Gardiner River. From here t o  Mammoth, the mad 

I t o  the west. 

2.3 37.6 
; t u r n  l e f t  a t  hotel ,  and proceed 

0.6 38.2 stop 7. 
&d 

Parking area a t  lower terrace. We w i l l  walk 
through the Main Terrace, and meet the buses a t  
the Upper Terrace parking area. 

I 

t Springs i s  a carbonate-depositing 

nated system a t  Mud Volcano and the 

Y 
, stem, and as such i s  d i f f e r e n t  from the 

s i1  ica-depositing systems a t  Norr is and the Upper I 

1 

and Lower Geysers basins. 

Indiv idual  thermal features a t  M a m t h  vary i n  
t h e i r  leve l  o f  a c t i v i t y  fron year t o  year. 

0 

1 , 1 eposi t ing hydrothermal systems are 
i n  t h e i r  surface expression, as a r e  the 
ated systems, such as a t  the flud 

Volcano, and the si l iceous sinter-deposit ing 
systems, as a t  Norr is Geyser Basin and Old 
Fa i th fu l  . 
A wide var iety o f  features may be seen on the walk 
through Mammoth. These include hot-spring cones, 
terracettes c o l l  apse features, tension fractures, 
f i ssu re  ridges, caves, c a l c i t e  ice,  and micro- 
organism deposited t rave r t i ne  (Bargar, 1978). 

Although Mammoth Hot Springs i s  lower temperature 
than some other springs i n  the Park, the waters 
a re  postulated t o  have c i rcu la ted through 
1 imestones , and picked up the1 r carbonate load by 
reacting wi th  the bedrock. I f  t he  waters had not 
c i rcu la ted through limestones, t h e i r  mineral load 
would be much d i f f e ren t .  Bargar (1978) quotes 
Al len (1934) as recording rates o f  t rave r t i ne  
deposition tha t  range f r o m  2.8-56.5 cm/yr, wi th  an 

e, average o f  21.1 cmlyr. Color var iat ions i n  hot 
spring pools are due t o  not only the re f l ec t i on  o f  
the sky, but also t o  several kinds o f  bacteria and 
algae. Two bacter ia found i n  thermal waters  i n  

. 
Q 

I 
I 

1 0 
I 

Y 

t 



the park, themanerobacter  ethanol icus and 
themoanerobium b m c k i i ,  have been found t o  be 
very e f f i c i e n t  a t  producing ethanol f r o m  

strongly c o l o r  some hot springs. 

Travert ine deposits on the top o f  Terrace 
Mountain, southwest o f  the present hot springs, 

1976). Travertine on Terrace Ivlountain i s  over la in 

Research d r i l l i n g  by the U. S. Geological Survey 
encountered 253.5 feet o f  t raver t ine,  which was 

(White and others, 1975). Jurassic (?) rocks were 
encountered beneath the t ravert ine.  A maximum 
temperature of 73OC was encountered, and White and 
others (1975, p. 64) conclude: 

& 

, carbohydrates. I ron and manganese oxides a1 so 

44d 

I by Pinedale till. 

u 

I have been dated a t  63,000 f 9,000 years (Rosholt, 

, 

1 , porous near the surface but cemented a t  depth 

"Evidently a l l  o f  the water o f  the system i s  
heated t o  t h i s  temperature or only a l i t t l e  
higher, and i t  r ises as l i q u i d  wa te r  and 
dissolved gases with no s ign i f i can t  change 
u n t i l  t o t a l  vapor pressure has decreased t o  a 
few atmospheres .'I 

u 

0 
A water analysis from Mammoth Hot Springs i s  

(1976) suggest t h a t  Mammoth Hot Springs waters may 
be waters from Norr is Geyser Basin tha t  have moved 
north and reacted with limestone. 

Cowin Springs, LaDuke Hot Springs, and Bear Creek 
Warm Springs are other t rave r t i ne  depositing 

1 springs north o f  Mammoth Hot Springs. Water 
c i r c u l a t i o n  f o r  these hydrothermal systems i s  1 
postulated t o  involve deep c i r c u l a t i o n  i n  the 

i Q  Madison Limestone, heating by the earth's thermal 
gradient, and c i r c u l a t i o n  t o  the surface along the 
Gardiner Faul t  zone (Struhsacker, 1976). ~ 

1.7 39.9 Upper parking l o t .  Return t o  main mad; proceed 
r igh t  (south). fhe road i s  on Pinedale till, 

U kame, and landsl ide deposits t o  the south. Some 
landsl id ing i s  s t i l l  act ive, as evidenced by the 
breaks i n  the highway. 

springs deposits which has slumped t o  i t s  present 
pos i t ion f r o m  the top o f  Terrace Mountain. 

Bunsen Peak i s  the  mountain east o f  Golden Gate 

i 
i presented i n  Table 3. Truesdell and Foumier 
I 
i 
I 

iP I 
i 
I 

I 

I 

1.7 41.6 The Hoodoos. This i s  a landsl ide o f  t rave r t  

Y 

~ Canyon. It i s  composed o f  an i n t rus i ve  dacite 



0 0 

considered t o  be related t o  the Absaroka Volcanic 
Supergroup, but o lder  than the Sepulcher 
Formation . 

i 1 1.6 43.2 Entering Golden Gate.. Excellent exposures o f  the 
Huckleberry Ridge Tuff. The 1959 Hebgen Lake 
earthquake caused much damage t o  the 

I 
road here. 

p mmi nent mountain chain t o  the ,Qest 
kame, till, and fan deposits, and re 
cover bedrock i n  the  f l a t s .  An extensive drumlin 
f i e l d  covers the western port ion o f  the f l a t s  
(Pierce, 1979). 

The Sepulcher Formation i s  mapped west o f  Swan 
Lake, and the  Swan Lake F l a t  a l t  i s  mapped east  
o f  the highway. We w i l l  d r i  outh, along the 
Norris-Mammoth f racture zone which l i e s  east of 
the Ga l l a t i n  Horst. The Norris-Mamoth zone i s  an 
approximately 2 2 4  long zone o f  north-south- 
trending fau l ts ,  r h y o l i t e  and basalt vents, and 
grav i ty  and magnetic anomalies (Eaton and others, 
1975). The zone has much hydrotherm 

3 .2 46.9 Road t o  Sheepeater C l i f f s .  Rocks t h  
products o f  mixing o f  basalt and rhyo l i t e  magmas 
am preserved i n  these c l i f f s  (not visib1e”from 
the highway). Struhsacker (1978) presents a 
deta i led sumiary o f  the h i s to ry  o f  sc ien t i f i c  
invest igat ion o f  these rocks, and in terprets  the 
mixed magmas i n  a regional context. 

0.1 47 00 Gardiner River. The mad crosses Swan Lake F lats  
Basalt t o  the south. 

0.4 47 04 Indian Creek Campground. The h i l l  o 
side o f  the highway south o f  the campgmund i s  
composed o f  Lava Creek Tuff,  with a mantle o f  
Pinedale t i l l  and scree. 

0.5 43 07 Enter Swan Lake F l a t .  The Ga l l a t i n  

I :~ 
I Y  

u 

I 
j 

I *  
I 

10 

1 
I - 

I 

.u 

2.7 50.1 Appolinarls Spring. 

b2 0.9 51 .O Outcrops o f  Lava Creek Tuf f  on the w 
the h i  ghway . 
Obsidian C l i f f s  on east side o f  road; Lava Crxek 
Tuf f  on west. Obsidian C l i f f s  a r e  formed o f  the 
Obsidian C l i f f  f low o f  the Roaring Mountain Member 
o f  the Plateau Rhyolite. Christiansen and Blank 
(1972, p. B15) described the u n i t  as: 

0.6 51 06 

Phenocryst-free o r  very phenocryst-poor 
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rhyol i te  which contzfi ns abundant fresh black 
obsidian a s  well a s  c r y s t a l l i z e d  and pa r t ly  
' c rys ta l l ized  material  . Obsidian Cliff flow 
kielded a young apparent age (75,000 years ) ;  
the r e l i a b i l i t y  of the d a t e  is uncertain.  

Obsidian quarr ied by indians from t h i s  l o c a l i t y  
was both worked l o c a l l y  and t raded extensively 
throughout the region. 

0 \ 

I 3 .O 54.6 Clea r  Water Spr i  ngs . 
I 
1 

0.2 54.8 Hydrothe mal  1 y a1 tered a1 1 u v i  um. 

0.4 55.2 s top  a. 0 
I 
I Roaring Mountain. Since e a r l y  observation Roaring 

Nountain has decl ined i n  the i n t e n s i t y  of  i t s  
fumamlic a c t i v i t y .  I t  is impressive on cool 
mornings when the condensate i s  most apparent, 
The decline of the "roar" is typica l  of the 
evemhanging nature  of surface hydrothermal 
phenomena. 

Roaring Mountain i s  a hydrothermal explosion 
deposi t  overlying the Lava Creek Tuff .  The 

Pinedale time. Roaring Mountain shows the 
cha rac t e r  of a near-surface vapor-dominated 

water-dominated system, which probably represents 
the associated boi l ing  water  t a b l e  can be seen 
along Obsidian Ceek t o  the west of the mad. 

Between Roaring Mountain and Norris, the amount of 
hydrothermal a c t i v i t y  and a1 t e r a t i o n  increases  
Bedrock is  member 8 of  the Lava Creek T u f f .  

u 

0 explosion took place d u r i n g  deglaciat ton i n  Middle - 

i I 
I system. Manifestations of an ac t ive  1 

I 

' 0  

I .  
1 
~ 

e, 4.1 59.3 Gibbon River. i 

i 

I 

1 
I 0.8 60.1 s top  9. 

Norris Junction. Turn r igh t  (west) i n t o  park 
area (loop mad not included i n  mileage log}. 
Norris Basin is a l a rge  seismical ly  ac t ive  sy 
o f  s i l i c a  deposi t ing hot sp r ings  and geysers. We 
will walk the Back Basin, where Steamboat Geyser, 
the l a r g e s t  geyser i n  the world (recorded 
erupt ions t o  380 feet; Bryon, 1979) and Echinus 
Geyser, which i n  June 1980 is  erupt ing every 40 

w 

.o minutes, can be seen. 

Echinus Geyser p sents a good opportunity t o  
observe the ful l  cl e of  geyser a c t i v i t y  

32 0 
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described by White (1967), In particular, the 
d r a i n i n g  of the geyser after an eruption, as  water 
levels i n  the geyser tube equilibrate w i t h  the 
surmunding ground water, a rise i n  water level 
p r io r  t o  the eruption, i n i t i a t i o n  of eruption w i t h  
the unloading of cooler water f r o m  the top  of the 
pool , an early water phase t o  the eruption, which 
is followed by a predominantly steam phase, which 
tapers as the eruption dies o u t ,  can be seen. 
White (pers. comm,, 1980) reports t h a t  pyritenand 
marcasite are among the materials ejected dur ing  
vigorous eruptions of Echinus. 

Figure 5 is  a tempemture profile, w i t h  geologic 
units indicated, of the Norris area from U.  S. 
Geological Survey drilling (White and others, 
1975). The Carnegie Hole and Nuphar Lake an? 
located on the tourist map of Norris; Y-9 i s  east 
of the museum, and Y-12 i s  n o r t h  of the Porcelain 
Terrace. A chemical analysis of water fmm the 
Norris Basin is  presented i n  Table 3. 

Drive out  t o  Norris Junction, Turn  r i g h t  (south). 
The mad log from Norris Junction t o  Madison 
Junction was covered the first  day. 

,& - .  13.8 . 73.9 . Madison Junction. Proceed stmight (south) . The 
mad log between Madison Junction and Old Faithful 
will be covered as p a r t  of day 3. 

w 

Iy 

Y 

15.8 89.7 Entrance t o  Old F a i t h f u l  

8 End of Day 2 

9 

0 
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Q 

fcal section through Norris Basin drill holes Y-9, Carnegie 
howing bedrock, measured bottom-hole temperat 
ure contours, Note contrast between measured 

temperatures i n  Carnegie XI drill hole. The inferred fracture near Y-9 
presumably annects w i t h  others (not shown) that account for the actfvity 
near Carnegie I1 and Congress Pool. Redrafted from White and others, 1975. 
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DAY 3 - OLD FAITHFUL TO WEST YELLOWSTONE 

I' ', 

stop 10. 

Old Fa i th fu l  v i s i t o r  center. The day w i l l  begin 
w i th  two options. For  those who desire, a 2.5 
mi le  walk through the Upper Geyser Basin t o  
B iscu i t  Basin i s  possible. Those who do not wish 
t o  walk may instead t o u r  the Upper Geyser Basin 
and r i de  the  buses t o  B iscu i t  Basin. 

The Upper Geyser Basin contains more than 25% o f  
the  world's geysers i n  a one square mi le  area. 
Marler (1973) contains an extensive catalogue o f  
geyser and spring features and cycles. Bryan 
(1979) presents a popularized ed i t ion  o f  geyser 
descriptions. 

Geyser cycles, a var ie ty  o f  s i n t e r  morphologies, 
s i l iceous deposits, a range o f  hot  spring 

Y conditions, and thermophyll ic algae w i l l  be 
I observable on e i t h e r  walk. For  those who choose 

t o  walk t o  B iscu i t  Basin, we w i l l  v i s i t  Seismic 
Geyser, which has been extensively discussed 
(Marler and White, 1975; Marler, 1964), and 
Artemesia Geyser, which has a arge c r a t e r  and 

~ 

IO i n t r i c a t e  s i n t e r  deposits. 

a A chemical analysis o f  Old Fa i th fu l  geyser i s  
given on Table 3. 

The U t  S. Geological Survey and the Carnegie 
I n s t i t u t e  have d r i l l e d  i n  the  v i c i n i t y  o f  the 

three miles south o f  Old Fa l th fu l ,  and m 

i s  approximately one mi le  west o f  Old Fa 

Looking northeast from the v i s i t o r  center, 
extensive deposits o f  s i n t e r  form the  foreground. 
The h i l l  i s  i n  the background i s  the Yal lard Lake 
resurgent dome, composed o f  t he  Mallard Lake Flow 

Pinedale till. The Mallard Lake Dome i s  a 
resurgent dome o f  the caldera s i m i l a r  t o  the Sour 
Cmek Dome seen on Day 1 . 

0 0 Old Fa i th fu l  intersect ion.  Interchange springs, 
a t  the  t u r n  o f f  f o r  Old Fai th fu l ,  was created 
during road construction. Foumier  and Truesdell 
(1974) used t h i s  spring as a demonstration of 

e, 
I Upper Basin. Results o f  these holes are 

I o f  t he  same convection system. Black Sa 

I summarized on Table 4. Lone S t a r  Geyser i s  about 

,o Inn . 
~ 

I 
~ 

Y o f  the Plateau Rhyolites. It i s  mantled by 

~ 

0 

1 t he i  r model o f  mixing a f t e r  steam loss. An 
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TABLE 4 
Drilling Results, Upper Geyser Basin and Vicinity 

(After White and others, 1975; Keith and others, 1978) 

Y SITE DEPTH MAX. TEMP. STRATIGRAPHY 
(in f t )  (OC) interval description 

I ( i n  f t )  

USGS Lone Star  (Y-6) 500 181 0-69 e5 uncemented sand and 
gravel 
Scaup Lake Rhyol i t e  
F1 ow 

69 -5-500 
4 0  

USGS Black Sand ( Y - 1 )  215 171 0-11.5 sinter 
11.5-211.5 zeol i tized and 

cemented obsid. 
rich seds. 

211.5-215 Biscuit Basin Y 

rtiyo flow 

USGS Biscuit (Y-7) 242 143 0-5.5 sinter 

0 gravel 

5.5-173 partly a1 tered 

173-242 Biscuit Basin 

and cemented sand 

pumiceous f 1 ow 
breccia 

USGS Biscuit (Y-8) 503 170 0-5 sinter 
! @  5-181 cemented sand 

18 1 - 206 Biscuit Basin ~ 

I flow breccia 
206-503 Biscuit Basin 

pumiceous tuff 
0 

, and gravel 

I 

Carnegie I (Myriad) 406 180 0-7 sinter 
7-220 

220-406 
rhyol i t e  f 1 ow 

yr, 

0 .  
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analysis o f  t h i s  spring i s  given i n  Table 3. 
200-208OC water apparently rises, cools 
ad iabat ica l ly  g iv ing o f f  steam t o  approximately 
1lOoC; t h i s  cooled water then mixes w i th  ground 
water t o  give the 76oC spring water. 

a group o f  about 12 geysers and springs. 

I 

I 
i 
I 
~ 

0.3 0.3 Black Sand Basin on west side o f  Highway. This i s  

I 

~ 1.6 1 .9 Stop 10 (continued) 

1 B i scu i t  Basin. Note the thermal a c t i v i t y  i n  the 
parking l o t .  The l o w e r  slopes the west a r e  
composed o f  the B iscu i t  Basin f l o w  o f  the Upper 
Basin Nember o f  the Plateau Rhyolite. This u n i t  PU 
has been described as: 

I 

I 

I 

I 

i 

, Y  ~ 

Generally exposed as black p e r l i t i c  
vi trophyre o f  flow-brecciated rhyol i te.  
Contains abundant phenocrysts, as much as 5 
inn, o f  deeply embayed and sieved p l  agiocl ase , 
moderately abundant quartz and clinopymxene, 
and sparse sanidine and opaque oxides. 

The upper h i l l s  t o  the southwest are formed o f  the 
Summit Lake Rhyol i te flow, and the h i l l s  t o  the cu northwest z re  composed o f  the West Yellowstone 

I flow. These u n i t s  a r e  both members o f  the Central 
Plateau rhyol i tes. Ubiquitous Pinedale till 
covers the bedrock . 

3.7 5.6 Midway Geyser Basin. The B iscu i t  Basin f low i s  
exposed on the  east side of the  highway. 
Midway Geyser Basin north t o  the north ed 
Lower Geyser Basin, the West Yellowstone flow 

I 

j I 
2 4 2  
1 
I 
I forms the western skyline. 

Y Basin f low forms the h i l l  northeast o f  the 

I 

1.0 6.6 South junction, Firehole Lake Drive 

intersect ion.  East o f  the Highway, the Elephant 
Sack f low o f  the Central Plateau Member o f  the 
Plateau Rhyoli te f o n s  the h i l l .  The Y a l l a r d  Lake 

intersection. The s u r f i c i a l  deposits along the 
road fmm the point  north t o  the next stop a r e  

I 

I Dome i s  the h i l l  t o  the southeast of the 

, u  
I composed o f  s i l iceous sinter.  

1 .l 7 07 North junction, Firehole Lake Drive. 

0 7 07 stop 11 

Fountain Paint Pots parking area. This area 
presents a small but v i v i d  demonstration o f  the 
e f fec t  o f  topographic control on water- and vapor- 

Y 

, 
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I 0.6 a .3 climbs a small h i l l  of the Elephant Back 
I 

0.1 8.4 The road travels across a f l a t  of largely 
diatomaceous s i l t .  The hills t o  the n o r t h  are 
composed of B u l l  Lake and Pinedale Kame deposits. 

,o The B u l l  Lake deposits have been described as: . 

I 
I "Gray t o  b rowni sh-g ray sandstone and 

conglomerate composed almost enti rely of 
rhyolite clasts. Firmly cemented w i t h  opal 
and zeolites by hydrothermal action. A t  
Porcupine Hills i n  Lower Geyser Basin the 
conglomerate i s  characterized by great 
variation i n  texture, sorting, 
st  rat i f i  cat1 on and 1 oca1 post-deposi t i  onal 
slumping typical of ice-contact deposition." 

I 
I 

Y 
I 

4 

Twin Buttes are the hills t o  the southwest, i n  
front of the West Yellowstone flows as viewed from 
the highway. These hills are also composed i n  
par t  of cemented kame gravels. The lower eastern 
and southern slopes of Twin Buttes, as well as the 
low hills surrounding Pocket Basin, which i s  just 
west o f  the highway a t  this p o i n t ,  b r e  composed of 
hydrothermal explosion deposits, These deposits 
have been described as: 

Rubble formed by steam explosion i n  surficial 
deposits triggered by abrupt  decrease i n  

i & J  confining pressure. 
1 An extensive discussion of the ocket Basin area, 
i as  well as  other hydrothenal plosion features, I 

1 is contained i n  Muffler and others (1971). 

1.3 9.7 Nez Perce Creek. The creek follows a course 
toward the northeast which marks a tone associated 
w i t h  the r i n g  fracture system of the Yellowstone 
Caldera. The Elephant Back flow i s  present south 
of the creek, and the Nez Perce flow is  found 
n o r t h  of the creek. 

2.2 11.9 The Nez Perce Creek flow i s  east and the West I v 
Yellowstone flow i s  west of the road. The level 
area n o r t h  of this point is composed o f  P i  
a l l u v i a l  sands and gravels. 

0.6 12 05 The Nez Perce Creek flow i s  on both sides of the 
highway. T h i s  spot i s  marked by a conspicuous 
talus slope of West Yellowstone flow on the west 
side of the river. 

I ~ 

I W  
i 
I 

I 
~ 
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