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ABSTRACT 

Hg anomalies occur in soils over ma@ faults 
at them1 areas and at intermediate locations 
along faults that interconnect them. Using 
established criteria for anomaly threshold 
identification, we find significant anomalies as 
large as 180 and as slrrall as 20 ppb in the north 
boundary area between MarrPooth Hot Springs and La 
Duke Spring. 

Anomaly amplitudes vary along faults in a way 
that suggests depletion of Hg in aquifers 
associated with the faults, and amplitude trends 
suggest flow directions that are in agreement with 
those inferred by other investigators. Hg 
depletion is large along fault segrtents where gas 
venting is observed, and it is small on segments 
that lack visible surface manifestations. 

In several cases we observe discrete amplitude 
increases in the inferred "downstream" direction. 
Such augmentation north of Mamoth appears to 
reflect input of Hg- bearing water from 
intersecting faults "upstream". South of Manmoth 
a similar increase is attrdmted to an unmap@ 
fault. 

INTRODUCTION 

The association between hydrothermal aquifers 
and free Hg anomalies in overlying soil has been 
documented by White (19671, Matlick and Buseck 
(19761, and Phelps and Buseck (1978). 
Identification of Hg anomalies as an indicator of 
faults associated with geothermal reservoirs has 
been widely applied in geothermal exploration 
(e.g. Capuano and Barnford, 1978; Varekamp and 
Buseck, 1983; and Williams, 1985). 

In earlier work in Yellowstone, Phelps and 
&seck (1980) attributed low concentrations of 
soil Hg at Marmoth Hot Springs to vapor loss (or 
dilution) during long-distance transport of the 
water from the Norris area, where HCJ was abundant 
(Lmations are shown in Figure 1.). Our work 
began with an assesmnt of soil Hg on ma@ 
faults between Norris and Mamoth (Colvard and 
Hamilton, 1987). Interest arose from the need to 
better understand geothermal systems in boundary 
areas subject to possible geothermal developnt 
nearby. Subsequently, we t u r n e d  our attention to 
faults crossing the park boundary north of Marmmth 

(Conn et al., 1988). We present here a siurmary of 
National Park Service research ongoing since 1986 
and described in detail by Hamilton, et al. 
(1990 1 . 
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Figure 1. Map of Yellowstone National Park, 
showing: the outline of the Yellowstone caldera; 
the study area, with locations of Norris Geyser 
Basin (NGB), Mamnoth Hot Springs (MHS), and La 
Duke spring (LD). The Mud Volcano (MV) and Old 
Faithful areas are also shown. 

METHODS 

Sampling traverses were laid out to cross 
mapped faults at approxhitely right angles (Fig. 
2 ) .  Sample spacing along traverses (averaging 
approximately 15 m) is evident in plots of data 
shown below. Sampling and analytical protocols 
for the Jerome Model 301 gold film analyzer were 
hke those used by Phelps and Buseck (19801 , 
except that our soil combustion temperature is 350 
C. Sampling depth was approximately 15 an. We 
found no relationship between background Hy 
concentration and regolith type as ma@ by 
Pierce (1973 a, b). 
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Figure  2 .  Map of t h e  Norris - bknnmth - La Duke 
corr idor  s tudy area showing f a u l t s  i n  t h e  park 
from USGS (1972). Faul t s  north of t h e  park 
boundary are from Struhsacker (1976) and Fraser e t  
al .  (1969). Traverse Icea t ions  are indicated by 
double l i n e s  ending i n  bars with m labels. 
S e l w t e d  h o t  spr ings  are shown by small circles. 
Traverse name abbreviat ions are explained i n  t h e  
t e x t .  Length of s h o r t e r  t r a v e r s e s  is not t o  
scale. 

Resul ts  of c a n p i - a t i v e  a n a l y s i s  on sp l i t s  of 
Sieved soil samples are presertted i n  Table I. 

Data presented here  represent  60+- 30 p e r c e n t  of 
t h e  y i e l d  by cold v a p r  AAS (USGS, 19891, probably 
showing mostly loosely-bound, e l m n t a l  Hg. 
Analytical p rec i s ion  is shown by error bars ( + -  
one sigma) i n  t h e  plots of data below. 

Table I. 

Mercury Concentration (ppb) SanlPle 
YPSL No.  Tuva I Tuva I1 AAS D i f f .  from AAS 
-----3------------__________1___________----------- 

CB 84 15.5+-4.3 32.2+-0.2 40 -24.5' -7.8 
CB 26 46.4+-0.4 54.0+-0.4 SO -3.6 4.0 
BA 109 19.2+-4.4 54.4+-3.0 70 -50.8 -15.6 
CB 20 14.9+-0.1 15.6+-0+3 20 -5.1 -4.4 
BA 37 59.1+-0.7 61.0+-316 60 -0.9 1.0 

34.2+-2.U 30 -23.2 4.2 BA 206 6.0 
El& 220 102.7+-14.5 210 -107.3 
BA 220s 151.0+-0.8 117.1 
CU 75b 62.2+-1.9 70.4+-5.O 80 -17.8 -9.6 .................................................. 

A l l  samples listed i n  Table I w e r e  sieved to  
(180 urn except BA 220~3, which w a s  ~ 1 2 5 .  Sample CB 
75L w a s  ground i n  a mortar. CB s i g n i f i e s  Clage t t  
But te ,  and EN samples cane from t h e  Black A r r o w  
t raverse .  Tuva I and I1 refer to  gold f i l m  
analytsical methods discussed i n  Hamilton e t  al .  
(1990). All data presented here  are Tuva I except 
t h e  CB t r a v e r s e  i n  Fig 7, which are Tuva 11. Note 
t h a t  t h e  combined p rec i s ion  of our Tuva 11 
analyses  (2 o r  mre runs) is better than 4 p r c e n t  
while f o r  Tuva 1 it is (10 percent.  

RESULTS 

Norris - Namrnth Corridor 

Hg data from nineteen traverses c ross ing  mapped 
f a u l t s  between Norris Geyser Basin and MarmK>th Hot 
Springs are surm\ariz& i n  Figures 3 and 4. These 
d a t a  were acquired between J u l y ,  1986 and August, 
1987. Along t h e  Norris and Obsidian Creek f a u l t  
zones (informal nares)  background arid anomaly 
amp1 i t u d e  descend northward and southward of a 
broad high near Obsidian C l i f f .  Exceptions to  
t h i s  t rend  are noted i m d i a t e l y  north and south 
of t h e  Norris area. A very s t rong  anomaly a t  N3 
occurs with low background, but  a t  N2 the hiy1-1 
anomaly is so broad that  we probably did r i o t  
sample background. 

Figure 4 shows r e s u l t s  on t r a v e r s e s  c ros s ing  
t h e  Sol fa ta ra  Creek - Horseshoe H i l l  f a u l t  system 
(informal names). Here w e  observed much higher 
anomalies, but t h e  t rends  are s i m i l a r  to  those  
shown i n  Figure 3 .  High anomalies and background 
are seen i n  t h e  Horseshoe H i l l  area l a b u t  4 km 
east of Obsidian C l i f f ) ,  t rending t o  lower values  
north and south of t h i s  area. The exception 1x1 
t h i s  t rend  is t h e  marked increase  i n  anunaly 
amplitude a t  Golden Gate. This  m y  represent 
augmnta t ion  from an i n t e r s e c t i n g  unmapped f a u l t  
from t h e  south. 

The inferred f l o w  d i r e c t i o n ,  northward frorn t h e  
Horseshoe H i l l  - Obsidian C l i f f  area toward 
Mammth, is i n  agreement with flow suggested by 
Truesdel l  and Fournier (1976): "...the high 
partial pressure of Co-2 and l a r g e  Ca con ten t s  of 
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b m t h  H o t  Springs A ~ e a  

- .. . " . . . . . . . . . . . .  ,(..I 

k ........ " ........ ". ............... i\*jb&g r.7 ... : y.. .... :., . .  - _  

N1 .N2 N3 0 1  02 03  0 4  M5 M4 M2 

/ /'/ \ / /  \ -  
0 4 8 12 16 20 24 28 32 

Distance along'faults from calclera boundary (km) 

Figure 3.  S o i l  Hg data for t r a v e r s e s  c ross ing  t h e  
Norris ( N )  and Obsidian Creek ( 0 )  f a u l t s  and 
selected f a u l t s  i n  t h e  Mamnoth area (MI. 
Traverses (Fig.  2)  are plotted. aga ins t  d i s tance  
nor th  of t h e  ca ldera  boundary. Error  hars here 
and i n  figures to fol low represent  one sigma. All 
traverses, except M4, are thought to i n t e r s e c t  
anomalies associated with faul ts .  A major Hy 
source is evident  a t  Norris Geyser Basin, and a 
srrraller source is inferred near Obsidian C l i f f .  
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Figure 4. Soil Hg data for t r a v e r s e s  c ross ing  t h e  
Solfatara Creek and Horseshoe H i l l  f a u l t  zones (SI 
and f a u l t s  i n  t h e  blann-oth area (MI.  A major Hg 
source is seen i n  t h e  Horseshoe H i l l  area east of 
Obsidian C l i f f .  M l  is near  Golden Gate, and M3 is 
located i n  f r o n t  of t h e  Visitor Center a t  Manmoth. 

Mamnoth H o t  Spring probably result from reac t ion  
of Norris ac id  c h l o r i d e  waters moving northward 
along a f a u l t  zone with sediments cons is t ing  i n  
part of limestone." More s p e c i f i c a l l y  it. is i n  
agreement with t h e  flow model proposed by Clark 
and Turekian (1990) with regard to  a source near 

' Obsidian C l i f f  and seems t o  reflect t h e  deep 
u p e l l i n g  p r o p s e d  by White et  a l .  (1988).  

Locations of H g  t r a v e r s e s  arid f a u l t s  i n  t h e  
Mamoth H o t  Spi-ings area are shown i n  Figure 5. 
The t r a v e r t i n e  hot spr ing terrace area was 
extensively sampled, as shown, by Phelps arid 
Buseck (1980) i n  1977, bu t  t h e  route  of ingress  o€ 
Hg-bearing waters to t h e  Marmnth spr ings  w a s  r i o t  

c l e a r l y  i d e n t i f  id. Highest a n m l i e s  foilrid i n  
1977 were at. loca t ions  i d e n t i f i e d  as C,  D, arid E 
i n  t h e  f igure .  Phelps and Buseck (1980) noted 
t h a t  these  anomalies a l igned wi th  a buried f a u l t  
mpped by Chris t iansen and Blank (19721, but  
because t h i s  f a u l t  lies east and downslope from 
t h e  highest  concentrat ion of hot  s p r i n g s  w e  
believe it mre l l k e l y  represents  the a q u i f e r  
feeding severa l  lower spr ings  i n  t h e  area. W e  
i n f o i m l l y  call it t h e  C a r e t c r y  fault .  for purposes 
of discussion here. 

Figure 5. Map of f a u l t s  i n  t h e  Manmoth H o t  
Springs area based on USGS (1972) mapping with 
loca t ions  ad jus ted  to match mercury anomalies and 
to  avoid areas where a n o m l i e s  were not  found. 
F a u l t s  are shown with bold dashed l i n e s .  Hg 
t r a v e r s e s  are shown by double l i n e s  ending i n  bars 
with i d e n t i f i c a t i o n  labels found i n  t h e  t e x t .  
Vapor and gas  vents  are shown by t r i a n g l e s .  
Selected hot  spr ings are indica ted  by closed 
circles. Areas sampled for Hg by Phelps and 
m e c k  (1980) are out l ined  by solid l i n e s  i n  
rectangular  a r r a y  a t  t h e  Marrmoth Terraces. Thei r  
areas giving [Hgl>20 ppb are shaded and labeled a s  
A, B, C, D, and E. Traver t ine  deposits near  t h e  
Gardner high br idge are stippled. 
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Hg t r a v e r s e  data  along f a u l t s  between Golden 

Gate and t h e  W v e r  Pond t ra i l  north of Mamnoth 
H o t  Springs, including t h e  C e m e t e r y  f a u l t ,  are 
i l l u s t r a t e d  i n  Figure 6. The modest northward 
decrease i n  anomaly ~ l i t u d e  suggests  t h a t  it is 
plausible  to consider flow from Golden Gate i n t o  
t h e  Cemetery f a u l t  as far as t h e  i n t e r s e c t i o n  with 
the Manmoth f a u l t ,  but t h e  marked decrease i n  
amplitude a t  t h e  Beaver pond t r a v e r s e  q l i e s  t h a t  
t h e  f a u l t  does not contain rmich hot  water a t  this 
point.. 
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Figure 6 .  Hg concentrat ions on t r ave r ses  a t  
Gcllden Gate and on t h e  C m t e r y  f a u l t  as f a r  as 
t h e  Beaver Pond (BPI t r ave r se .  The Cemekery f a u l t  
has l a rge  anomalies i n  Mcirmmth, but  it may not 
contr ibute  t o  spring d ischarge  i n  t h e  upper 
terrace area. The Elk Plaza (ELK) t r a v e r s e  
probably missed t h e  f a u l t .  
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Figure  7, Hcj concentrat ions on traverses a t  
Golden Gate and along t h e  MarrPrroth f a u l t  from 
Claget t  Butte to hot spr ing MHS-2, near H o t  River.  
Modest anomalies suggest that l i t t le  H g - b r i n g  
w a t e r  is associated with t h e  Marmoth f a u l t  
southwest of t h e  i n t e r s e c t i o n  with t h e  Cemetery 
f a u l t .  Northeast of t h a t  m i n t  t h e  f a u l t  lws 
higher anwnalies. Claget t  But te  analyses  were by 
t h e  Tuva I1 method (see Table I), 

Hg data along f a u l t s  between Golden Gate and 
t h e  H o t  River area northeast  of ~ t h  are shown 
i n  F i g u r e  7 to assess anomalies along t h e  Mamwth 
f a u l t .  The mrked  reduction i n  anomaly amplitude 
between M l  and t h e  east half  of t h e  Claget t  Butte 
t r a v e r s e  without apparent gas  venting or hot  
spr ing discharge suggests t o  us that t h e r e  is 
little f low along t h i s  po r t ion  of t h e  f a u l t .  
Wreover,  l o w  anomalies a t  A and B (represent ing 
data of Phelps and Buseck from t h e  northwest 
port ion of t h e i r  sampling area) and a t  M2 irnply 
little Hg-bearing water i n  t h a t  p r t i o n  of t h e  
m t h  f a u l t .  Downslope - from and northeast  of 
the  i n t e r s e c t i o n  with t h e  Cemetery f a u l t ,  however, 
t h e  Ivhrinmth f a u l t  e x h i b i t s  high anomalies at  t h e  
Albright V i s i t o r  Center (N3f and northeast  of t h e  
!&mroth Campground (a). An anomaly a t  t h e  Tt 
River area (BR) a l i g n s  with a 
travertine-depclsit ing hot spr ing (MHS-2) on t h e  
trace of t h e  Marmmth f a u l t  a t  t h e  Gardner River. 

Eardiner Val ley 

Hg t r a v e r s e s  i n  t h e  Gardiner Valley bet.ween t h e  
Gardner River and t h e  Corwin Springs area (map 
l oca t ions  i n  Fig. 2 )  are compiled i n  F i g w e  8. 
These data show Hg anomalies associated with 
f a u l t s  enter ing t h e  va l l ey  from t h e  south and, i n  
th ree  cases where t r a v e r s e s  cross t h e  va l l ey  
(Cornin Springs, GS; Queen of t h e  Maters, QW; and 
Rescue Creek, RCI, illustrate a m l i e s  aligned 
with structures tha t  s t r i k e  northwest along t h e  
val ley.  The north-south structures are normal 
f a u l t s ,  with t h e  possible exception of t h e  R i f l e  
Range f a u l t .  This  f a u l t  (informal name) may be ark 
extension of t h e  Lava Creek f a u l t  as shown by 
Chris t iansen (1973) .  The northwest-striking 
structures are associated with t h e  o lde r ,  complex 
fo ld  and thrust  zone of t h e  Gardiner f a u l t .  

The RC t r a v e r s e  clearly shows very small 
anomalies associated wi th  t h e  Everts  t h r u s t  (and a 
nearby, wnnamed t h r u s t )  as w e l l  as t h e  R i f l e  Range 
f a u l t .  These small anomalies suggest t h a t  t h e  
val ley s t r u c t u r e s  carry very l i t t l e  Hg-bearing 
water a t  t h i s  p i n t .  At t h e  northwest end of the 
val ley,  t h e  CS t r a v e r s e  shows modestly high 
anomalies, perhaps associated with t h e  East 
Gal l a t in  normal f a u l t  and t h e  Gardiner t h r u s t  as 
ma& by Struhsacker (1976). High va l l ey  
anomalies are found i n  a zone parallel to t h e  
Yellowstone River at t h e  f i s h i n g  access area CQW) 
8 km northwest of Bc;ar Creek. This  zone may be 
associated with t h e  footwall  blcxk of t h e  Gardiner 
thrust, and w e  prowse that t h e  high anomalies are 
a r e s u l t  of t h e  i n j e c t i o n  of Hy-bearing waters 
i n t o  t h e  zone f r m  normal f a u l t s  en te r ing  t h e  
val ley from t h e  south s e w h e r e  between t h e  Rescue 
Creek t r a v e r s e  and t h e  9 km point .  

Several  candidates  for i n j e c t i o n  are evident  
along t h e  Black Arrow (BA) t r a v e r s e ,  which shows 
anomalies associated with t h e  R i f l e  Range f a u l t  
and seve ra l  f a u l t s  mapped i n  t h e  Mamrw;rth and 
Stephens Creek areas (Fig.  2 ) .  The amplitudes of 
these anomalies appear t o  inc rease  northweskward 
along t h e  BA l i n e .  N o  gas vents  or hot sp r ings  
are known i n  t h e  v a l l e y  b e t w e e n  Bear Creek and QW, 
so Hg deplet ion may occur gradual ly  i n  t h i s  area. 
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Figure 8. Hg concentrati.on data for t r a v e r s e  
segments c ross ing  t h e  Gardiner Valley (CS, QW, and 
RC) are 1abe.led with a n  X. Also shown are 
t r a v e r s e s  that account for inputs  i n t o  t h e  v a l l e y  
from t h e  south (RCR 11, BA, and YRN): The la rge  
anomalies a t  QW may be due to  i n p u t s  from f a u l t s  
encountered on t h e  BA l i n e ,  showing increasing 119 
t o  t h e  northwest. Faul t  name abbreviat ions are: 
East  G a l l a t i n  (EGF); R e e s e  Creek (RCE'); proposed 
Gardiner Valley (GVF) ; Marnmth area f a u l t s  (MAF-) ; 
R i f l e  Range (RRF); Everts (EF); and unnand or 
urmppd f a u l t s  (?E'). South, w e s t ,  and southwest 
ends of some t r a v e r s e s  are indica ted  by (SI, (W), 
and (SW). 

One of t h e  R e e s e  Creek t r a v e r s e s  (Re111 is 
shown i n  Figure 8 ( t h e  l i n e  g iv ing  t h e  h ighes t  
v a l u e s ) ,  and it is evident  t h a t  t h i s  f a u l t  is a 
s i g n i f i c a n t  cont r ibu tor  of Hg-bearing waters to  
t h e  system near  L a  Duke spr ing.  Where a por t ion  
of t h e  R e e s e  C r e e k  f a u l t  zone w a s  san-ipld 
northeast  of t h e  Yellowstone River a t  La Duke 
(LDB) anomalies w e r e  smal ler ,  presurmbly because 
of  losses a t  h o t  spr ings  along the r i v e r  at. t h a t  
locat ion.  

Gardiner Thrust  Zone 

Hg data on t r a v e r s e s  c ross ing  t h e  Gardiner 
t h r u s t  between Bear Creek and Corwin Springs are 
shown i n  Figure 9. One l i n e  ( Jard ine  R o a d ,  JR) 
probably missed t h e  f a u l t ,  and w e  exclude it from 
t h e  discussion here.  The results g ive  t h e  
impression of a n  o v e r a l l  increase  i n  Hy i n  t h e  
f a u l t  zone toward t h e  northwest. The RC data show 
small anomalies associated wi th  t h e  G x d i n e r  
t h r u s t  (and a parallel, unnamed t h r u s t )  east of  
Bear Creek hot  spr ings.  The Bear Creek Bench 
(BCB) t r a v e r s e s  show even lower anomalies, and 
t h i s  is c o n s i s t e n t  with northwest flow i n  t h e  
f a u l t  zone with Hg loss a t  t h e  spr ings.  W e  
i n t e r p r e t  t h e  increase  a t  traverse WH t o  i n j e c t i o n  
of Hg-bearing water i n t o  t h e  t h r u s t  by t h e  R i f l e  
Range f a u l t  (see Fig. 8). Moreover, w e  -interpret 
t h e  increase between t h e  LTC and LLTC ( L i . t t l e  
T r a i l  Creek) t r a v e r s e s  as  due t o  water i n j e c t e d  
i n t o  t h e  Gardiner t h r u s t  near  t h e  m u t h  of L i t t l e  
T r a i l  C r e e k  canyon by the normal f a u l t  shown a t  
t h a t  locat ion by Struhsacker (1976). 
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Figure 9.  Hg concentrat ion data f o r  a l l  t r a v e r s e s  
and t r a v e r s e  segments crossing and near  t h e  
Gardiner faul t  between t h e  Bear Creek area and t h e  
Corwin f i s h i n g  access area. Assuming f l o w  
down-valley to t h e  northwest i n  t h e  f a u l t  zone, 
t h e  decrease at  Bear Creek is attributed t o  Hy 
losses with discharge a t  the spr ings  there .  The 
increase  northwest of BCB I1 may be from i n j e c t i o n  
from t h e  R i f l e  Range f a u l t  ( t r a v e r s e  YRN i n  Fig. 
8). The Jard ine  Road l i n e  probably- missed the 
faul t .  A l a r g e  increase  near the m u t h  of L i t t l e  
T r a i l  Creek canyon may be a t t r i b u t e d  t o  a 
crosscut t ing  fau l t  mapped a t  that  loca t ion  by 
Struhsacker (1976). The small increase northwest 
of La Duke may be due t o  in@ from t h e  Reese 
Creek f a u l t  (RCR I1 i n  Fig. 8 ) .  East and 
nor theas t  ends of severa l  t r a v e r s e s  are i n d i c a t d  
by ( E )  and ( N E ) .  

The dec l ine  i n  anomaly amplitude between LLTC I 
and LDB is cons is ten t  with northwest flow and 
r e l a t i v e l y  rapid Hg deplet ion.  The appx-cmt 
increase  i n  amplitude northwest of LDB may be A 
r e s u l t  of mis ident i f ica t ion  of t h e  f a u l t .  A s  
noted above, Struhsacker shows t h e  Gardiner t h r u s t  
offset t o  t h e  w e s t  by normal f a u l t i n g  here. The 
anomaly shown i n  end o f  t h e  
Corwin Springs traverse may a c t u a l l y  represent  an 
unnamed normal faul t  a t  t h a t  locat ion.  Themu1 
anomaly, surveys i n  t h e  area support that 
i n t e r p r e t a t i o n  (Chambers  and Hamilton, i n  prep.). 

Figure 9 at t h e  east 

CONCLUSIONS 

Using t h e  concept of Hg deplet ion along f a u l t s  
between t h e  Horseshoe H i l l  - OLrrsidian C l i f f  area 
and t h e  Mammth H o t  Springs a r e a ,  w e  i n f e r  a 
d i r e c t i o n  of flow that is i n  a g r e m n t  with o t h e r  
inves t iga tors .  Depletion is g r e a t e r  d o n g  fau1.t 
segments where evidence of gas vcritirig and  spring 
discharge is v i s i b l e .  . 

As a r e s u l t  w e  propse here that Hg 1e;ikaqe 
from f a u l t  zones provides  an assessmnt of t h e  Hy 
p a r t i a l  pressure i n  a q u i f e r s  associated with t h e  
f a u l t s .  The f a u l t  miles are apparent ly  p e m a b . l e  
enough, owing perhaps to fracture of niirieral 
p r e c i p i t a t e s  by occasional sei.smic a c t i v i t y ,  to 
permit leakage of Hg vapor t o  t h e  siicfacie. WE: 
th ink  that some associated aqui fers  m y  he 
in te rsec ted  by f a u l t s  a t  depth. In  areas of t h i c k  
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valley fill the aquifer may overlie the fault, and 
some faults themselves may serve as aqLufers. 

We conclude that a major aquifer can be traced 
northward to Golden Gate and the Cemetery fault in 
Mamnoth, though portions of the flow path have yet: 
to be located. Northeastward flow through a 
prtion of the Marrmoth fault is also inferred. 

In the Gardiner Valley north of Manmot.h, Hy 
anomalies associated with a series of normal 
faults appear to mark aquifers entering the valley 
from the south. Strong anomalies on two parallel 
segments of a traverse at the QW area suggest a 
northwest-striking structure, perhaps associated 
with the footwall of the Gardiner thrust, being 
supplied with Hg by normal faults from the south. 
The depletion of cross-valley Hg northwest of the 
QW area 'is consistent with loss with hot spring 
discharge at the La Duke - Corwin springs area. 

I 

Along the Gardiner thrust, on the knches 
northeast of the Gardiner Valley, augmentation of 
Hg northwestward suggests that the h v e -  
mentioned normal faul'ts are also adding geothemul 
waters to the thrust zone. Depletion at Bear 
Creek hot springs is attributed to losses with 
discharge there. Augmentation at the mouth of 
Little Trail Creek Canyon may be due to a nornlal 
fault intersecting at that point. 

Hg anomlies suggest that the Reese Creek fault 
contributes to the geothermal aquifer at. La Duke, 
but we suspect considerable augmentation from the 
Gardiner Valley structure to account for the 
sizeable discharge at La Duke. 
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