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HYDROGEOCHEMICAL AND STREAM SEDIMENT 
RECONNAISSANCE BASIC DATA FOR 

RAPID CITY NTMS QUADRANGLE, SOUTH DAKOTA 

INTRODUCTION 

The National Uranium Resource Evaluation (NURE) Program was establ ished 
by the U. S. Atomic Energy Commission, now the U. S. Department o f  
Energy (DOE), i n  the spr ing of 1973 t o  assess uranium resources and t o  
i d e n t i f y  favorable areas f o r  de ta i led  uranium exp lora t ion throughout the 
Uni ted States. The p r i nc i pa l  ob jec t ives o f  the NURE Program are: (1) 
t o  provide a comprehensive in-depth assessment o f  the na t ion 's  uranium 
resources f o r  nat iona l  energy planning, and (2) t o  i d e n t i f y  areas 
favorable f o r  uranium resources. A NURE Program repo r t  covering uranium 
resource assessment i n  116 National Topographic Map Series (NTMS) lo x 
2O quadrangles, which contain 100% o f  the cu r ren t l y  estimated uranium 
resources, i s  targeted f o r  1980. The complete resource assessment o f  
the 272 h ighes t -p r io r i  ty quadrangles i s  scheduled f o r  completion i n  
1985, and the f i r s t  comprehensive assessment r epo r t  o f  the e n t i r e  Uni ted 
States i s  scheduled f o r  completion i n  1988. This program, which i s  
being administered by DOE, i s  expected t o  increase the  a c t i v i t y  o f  
commerci a1 exp lora t ion f o r  uran i  um i n  the United States. 

The NURE Program consists o f  f i v e  parts:  

1. Hydrogeochemical and Stream Sediment Reconnaissance (HSSR) 
Program, 

2. Aer ia l  Radiometric and Magnetic Survey, 
3. Surface Geologic Invest igat ions,  
4. D r i l l i n g  f o r  Geologic Information, and 
5. Geophysical Technology Development. 

The ob jec t i ve  o f  the  HSSR Program i s  t o  provide in format ion t o  be used 
i n  accomplishing the overa l l  NURE Program object ives.  This i s  accom- 
p l i shed  by reconnaissance o f  surface water, groundwater, stream 
sediment, and lake sediment. The survey i s  being conducted by three 
Government-owned laborator ies.  Union Carbide Corporation, Nuclear 
D i v i s i on  (UCC-ND), under cont ract  w i t h  DOE, i s  conducting i t s  survey i n  
154 NTMS lo x 2O quadrangles which cover approximately 2,500,000 km2 
(1,000,000 m i 2 )  o f  the Central United States (see Figure 1). This area 
includes most o f  the states o f  Texas, Oklahoma, Kansas, Nebraska, South 
Dakota, North Dakota, Minnesota, Wisconsin, Michigan, Indiana, 11 1 ino is ,  
and Iowa, as we1 1 as par ts  o f  Arkansas, Missouri,  New Mexico, and Ohio. 
Described here in  are the resu l t s  o f  the work done by UCC-ND i n  the Rapid 
City NTMS Quadrangle, South Dakota. 



OWG. N O .  8-11-130 
IUI 

QUADRANGLE UNDER 
CON81 DERATION 
OUADRANGLES OPEN 
FILED WITH REPORT NUMBER 

I -. 

F i g u r e  1 

INDEX MAP SHOWING THE ORGDP AREA OF RESPONSIBILITY 
FOR THE HSSR SURVEY, THE RAPID CITY QUADRANGLE, 

AND QUADRANGLES FOR WHICH BASIC DATA REPORTS 
HAVE BEEN OPEN F I L E D  



GEOLOGY 

LOCATION AND GEOLOGIC SETTING 

The Rapid City Quadrangle covers a sur face area o f  approximately 17,662 
km2 (6,814 m i 2 )  i n  west c e n t r a l  South Dakota,, between l a t .  44O and 45O 
N. and long. 10ZO and 104O W. The survey area, out1 ined on the  
genera l i zed geo log ic  map o f  South Dakota (F igure 2), inc ludes  p a r t s  o f  
But te ,  Lawrence, Meade, and Pennington Counties. A genera l i zed geologic  
map, a long w i t h  a s t r a t i g r a p h i c  column l i s t i n g  geo log ic  codes used i n  
t h i s  r e p o r t ,  ' i s  p'resented i n  F igure  3 and P l a t e  7. 

The Rapid City Quadrangle cons i s t s  o f  g e n t l y  r o l l i n g  h i l l s  and p r a i r i e s  
o f  t h e  Missour i  P lateau Physiographic Province and mountains o f  t h e  
Black H i l l s  Physiographic Province. The Missour i  P lateau covers most o f  
t he  quadrangle and i s  subdiv ided i n t o  Cretaceous Tablelands i n  t h e  
nor theast ,  Cretaceous P i e r r e  H i l l s  i n  t he  northwest and c e n t r a l  p a r t  o f  
t he  area, and T e r t i a r y  Tablelands i n  t h e  southeast. The Black H i l l s  a re  
l oca ted  i n  t h e  southwest and are  charac ter ized by u p l i f t e d  igneous, 
metamorphic, and sedimentary rocks ranging from Precambrian t o  Cenozoic. 
To ta l  r e l i e f  i n  t h e  Rapid City Quadrangle ranges from an e l e v a t i o n  l e s s  
than 610 m (2,000 f t) i n  t h e  eas t  t o  over 1,983 m (6,500 f t) i n  t h e  
southwest. 

LITHOLOGY AND ENVIRONMENTS OF DEPOSITION 

The Precambrian core o f  t he  Black Hi1 1s i s  l a r g e l y  composed o f  meta- 
morphosed sedimentary rocks w i t h  l e s s e r  amounts o f  metabasalt ,  meta- 
gabbros, g ran i tes ,  and pegmatites. Metamorphic grade decreases from a 
s i l l i m a n i t e  zone south o f  t he  quadrangle t o  a b i o t i t e  zone i n  the  
nor thern  Black H i l l s  and then increases t o  t h e  nor theas t  beneath the  
Paleozoic cover (Redden and Norton, 1975). The o l d e s t  g r a n i t e  cropping 
ou t  i n  t h e  nor thern  Black H i l l s  i s  approximately 2.5 b i l l i o n  years o l d  
(Zartman and Stern, 1967.). B lack H i l l s  Precambrian rocks have undergone 
a t  l e a s t  t h ree  and up t o  as man.y as s i x  separate episodes o f  deformation 
and probably two metamorphic events (Redden and Norton, 1975). 

Dur ing t h e  Paleozoic, t he  Black H i l l s  area was- near t he  eastern shore- 
l i n e  o f  a g rea t  seaway i n  the  Rocky Mountain area. Except f o r  t h e  
Minnelusa Formation which th ickens t o  t h e  south, Paleozoic '  sedimentary 
u n i t s  a re  t h i n n e s t  i n  t he  area o f  t h e  Black H i l l s  and th i cken  t o  t h e  
n o r t h  (Redden and Norton, 1975). 

The Cambrian Deadwood Formation, w i t h  a th ickness o f  122 m (400 f t), re-  
presents t h e  o l d e s t  sedimentary rocks i n  t h e  study area. The format ion 
i s  p r i m a r i l y  b u f f  t o  brown sandstone, w i t h  greenish-gray shale and 
carbonates. A pebble conglomerate 1 ocal  l y  under1 i es a basal qua'r tz i  t e  
( G r i  es , 1975). 
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GENERALIZED GEOLOGIC MAP OF THE RAPID CITY QUADRANGLE 



Lying unconformably on the  Deadwood Formation i s  the Mississippian 
Englewood Limestone. This formation i s  a red  t o  lavender argi l laceous 
dolomite, 12 t o  2 1  m (40 t o  70 ft) th ick ,  which grades upward i n t o  the 
over ly ing  Pahasapa Formation (Gries, 1975). 

The Pahasapa Limestone consists o f  183 m (600 ft) o f  dolomite, lime- 
stone, and anhydrite. Fol lowing deposi t ion o f  the Pahasapa, a kars t  
topography developed on i t s  surface (Gries, 1975). 

Over ly ing the ka rs t  surface i s  the Permo-Pennsylvanian Minnelusa For- 
mation, which i s  153 t o  214 m (500 t o  700 ft) th ick .  It consists o f  a 
lower Pennsylvanian segment composed o f  a basal red shale, dolomites, 
b lack rad ioact ive shales, anhydrite, and t h i n  sandstone layers. A red 
shale marker bed separates the Lower Pennsylvanian segment from the 
Upper Permian segment o f  the Minnelusa Formation. The Permian segment 
consists o f  a lower u n i t  o f  dolomite, anhydrite, and sandstone. The 
upper po r t i on  o f  t h i s  segment consists o f  sandstone w i t h  dolomite and, 
l oca l l y ,  a cap o f  very cherty dolomite (Gries, 1975). 

Unconformably over ly ing  the Minnelusa Formation i s  the Permian Opeche 
Shale which consists o f  26 t o  38 m (85 t o  125 ft) o f  red s i l t y  shale, 
f i n e  red  sand, gypsum, and anhydrite (Gries, 1975). 

Gray t o  purpl  e , t h i  n-bedded M i  nnekahta Limestone over1 i es the Opeche 
Shale. It consists o f  11 t o  23 m (35 t o  40 ft) o f  a lower red shaley 
un i t ,  a pure limestone un i t ,  a shaley zone, and an upper pure limestone 
( G r i  es , 1975). 

Conformably over ly ing the Minnekahta Limestone and extending from the 
Permian i n t o  the  Tr iass ic  i s  the Spearfish Formation. The Spearfish 
Formation consists o f  214 m (700 ft) o f  s i l t s tone ,  sandstone, and shale 
redbeds w i t h  some gypsum beds (Gries, 1975). 

Unconformably ove r l y i  ng the Spearfi sh Formation i s  the Upper Jurassic 
Sundance Formation. I he Sundance Formation i s  a marine deposit con- 
s i s t i n g  o f  61 t o  92 m (200 t o  300 ft) o f  a l t e rna t i ng  sandstones and 
shales (Merewether, 1975). 

Conformably over ly ing the Sundance Formation i s  the Morrison Formation. 
Ihe Late Jurassic Morrison Formation i s  a sequence o f  interbedded, 
var ico lored shale, sandstone, and limestone. It was probably deposited 
i n  streams and lakes o f  a broad f loodp la in  (McKee, e t  a l ,  1956). 

The Ear ly  Cretaceous Inyan Kara Group l i e s  unconformably over the 
Morrison Formation and includes the Lakota Formation and the F a l l  River 
Formation. The Lakota Formation consists o f  168 m (550 ft) o f  cross- 
bedded, channe l - f i l l  sandstones, shales, and l o c a l l y  some limestone. 
The Upper Lakota Formation i s  composed o f  a var icolored noncalcareous 
claystone and sandstone, which separates it from the Fa1 1 River Forma- 
t i o n  (Merewether, 1975). The F a l l  River Formation consists o f  37 t o  46 



m (120 t o  150 ft) o f  well-bedded, f i ne -g ra ined  sandstone, w i t h  some 
interbedded s i l t s t o n e  and c l a y  (Waage, 1959). The Inyan Kara Group 
represents a change i n  depos i t i ona l  environments from the  con t i nen ta l  
Lakota Formation t o  the  marginal marine F a l l  R iver  Formation (Mere- 
wether, 1975). 

The Graneros Shale cons is ts  o f  t h ree  shale members: Sku l l  Creek, Mowry, 
and B e l l e  Fourche. The Sku l l  Creek Shale, o l d e s t  member o f  t h e  Graneros 
Shale, conformably o v e r l i e s  the  F a l l  R iver  Formation and cons i s t s  of 76 
m (250 f t)  o f  concret ion-bear ing dark gray, noncal careous , marine shale 
(Cobban, 1952). Unconformably o v e r l y i n g  the  Sku l l  Creek Shale i s  t h e  
Mowry Shale, which cons i s t s  o f  up t o  76 m (250 f t)  o f  gray, noncal- 
careous , rnari ne shale, i nterbedded w i t h  ben ton i te  ( G r i  es , 1952). The 
B e l l e  Fourche Shale conformably o v e r l i e s  the  Mowry Shale and cons is ts  of  
as much as 137 m (450 f t) o f  s o f t ,  gray, concret ion-bear ing,  shale and 
benton i te .  The B e l l e  Fourche Shale was deposi ted i n  an i n l a n d  sea 
(Merewether, 1975). 

Over ly ing  the  B e l l e  Fourche Shale i s  t he  Late Cretaceous Greenhorn 
Limestone, a marine u n i t  o f  f o s s i l  i f e r o u s ,  calcareous shale and 1 ime- 
stone, about 110 m (360 f t) t h i c k  (Cobban, 1952). 

The Greenhorn Limestone i s  conformable w i t h  the  o v e r l y i n g  Late Creta- 
ceous C a r l i l e  Shale, which i s  a marine shale 168 m (550 f t)  t h i c k  
(Cobban, 1952). The Car l  i l e  Shale i s  composed o f  a lower dark gray 
shale w i t h  abundant l i g h t  gray calcareous concret ions;  a middle zone of 
interbedded s i l t s t o n e ,  shale,  and sandstone; and an upper concret ion-  
bear ing  s o f t ,  dark gray shale (Knechtel and Pat terson,  1962). 

The Late Cretaceous Niobrara Mar l ,  which l i e s  unconformably on the  
C a r l i l e  Shale ( T o u r t e l o t  and Cobban, 1968) i s  composed o f  approximately 
67 m (220 f t)  o f  calcareous shale, l imestone, and t h i n  beds o f  ben- 
t o n i t e ,  which were deposited i n  a broad i n l a n d  seaway (Gries, 1952). 

The Late Cretaceous P i e r r e  Shale l i e s  conformably on and i n t e r f i n g e r s  
w i t h  t h e  Niobrara Marl (Schul tz ,  1965). The P i e r r e  Shale cons i s t s  of up 
t o  534 m (1,750 f t) o f  'concret ion-bear ing gray shale, which was depo- 
s i t e d  i n  t he  l a s t  Cretaceous sea t h a t  covered the  quadrangle. 

I n  t he  nor thern  and eastern p a r t s  o f  t he  quadrangle, the  Late Cretaceous 
Fox H i  11 s Formation 1 i e s  c ~ n f o r m a b l y  above' and i n t e r f  i ngers w i t h  t h e  
P i e r r e  Shale. Nor th  o f  the'quadrangle, t he  Fox H i l l s  Formation a t t a i n s  
a th ickness o f  122 m (400 ft), b u t  i s  considerably t h i n n e r  elsewhere i n  
the  quadrangle and i n  many areas has been completely removed. The Fox 
H i l l s  Formation i s  composed o f  sandstone and sandy shale, which were 
deposi ted i n  shal low waters a long t h e  western edge o f  t h e  N iobrara  
seaway (Merewether, 1975). 

The Late Cretaceous H e l l  Creek Formation t h i n s  southward and has been 
eroded from most o f  the  quadrangle. I t  l i e s  conformably on and, i n t e r -  
f i n g e r s  w i t h  the  Fox H i l l s  Formation. The H e l l  Creek Formation cons i s t s  



most l y  o f  sandy shale,  l e n t i c u l a r  crossbedded sandstone, and t h i n  beds 
o f  l i g n i t e  o f  c o n t i n e n t a l  o r i g i n  (Merewether, 1975). 

There a r e  eros iona l  remnants o f  the  Paleocene Ludlow Formation i n  t he  
extreme no r the rn  p a r t  o f  t he  quadrangle. The Ludlow Formation l i e s  
conformably above t h e  H e l l  Creek Formation and i s  composed o f  i n t e r -  
bedded l i g n i t e ,  shale, and l oose ly  conso l ida ted  t a n  sandstone o f  non- 
marine o r i g i n  (Harksen, 1975). 

Eros iona l  remnants o f  t h e  Oligocene White R iver  Group crop ou t  i n  t he  
extreme no r the rn  and southern p a r t s  o f  t he  quadrangle. Nonmarine i n  
o r i g i n ,  t h e  White R ive r  Group l i e s  unconformably on most format ions from 
Precambrian t o  Paleocene, and can be subdivided i n t o  t h e  basal Chadron 
Formation and o v e r l y i n g  B r u l  c  Formation. Thc Chsdron Formation i s  
composed o f  dark  gray ben ton i te  and l i q h t  gray tuffaceous c laystone,  
s i  1  t s tone ,  sandstonc. and srlcosc interbedded w i t h  t h i n ,  l e n t i c u l a r  beds 
o f  l imestone. The B r u l e  Formation i s  composed o f  massive, modular, 
p i  n k i  sh-gray c a l  careous c l  aystone , tu f faceous s i  1  t s tone  , and channel 
sandstone. 

A b e l t  o f  T e r t i a r y  igneous rocks crops ou t  i n  t h e  nor thern  Black H i l l s .  
The i n t r u s i o n s  have var ious  composit ions i nc lud ing :  porphyr ies ,  
g r o r u d i  t e ,  phonol i t e ,  qua r t z  monzoni t e ,  and rhyo l  i te .  Precambr.'iari 
th rough Mesozoic rocks are  i n t ruded  by s i l l s ,  d ikes ,  p lugs,  r i n g  d ikes,  
smal l  s tocks,  and l a c c o l i t h s .  I n t r u s i v e  domes have brought o l d e r  meta- 
morphic rocks t o  t h e  sur face.  A l l  authors agree a s s i m i l a t i o n  o f  t he  
coun t r y  r o c k  was extremely l i m i t e d  and i n t r u s i o n s  were f o r c i b l y  i n j e c t e d  
(Redden, 1975). A t o t a l  o f  twelve d i f f e r e n t  age determinat ions on s i x  
d i f f e r e n t  rock types range from 38.8 t o  60.5 m i l l i o n  years,  v i r t u a l l y  
b r a c k e t i n g  the Eocene (Shapiro, 1971). 

Quaternary t e r r a c e  grave ls ,  a l luv ium,  col luv ium, and e o l i a n  depos i ts  
e x i s t  l o c a l l y  throughout  t h e  quadrang'le. 

STRUCTURE 

Three s t r u c t u r a l  f ea tu res  dominate the  Rapid C i t y  Quadrangle: (1) 
W i l l i s t o n  Basin, (2) B lack  H i l l s  U p l i f t ,  and (3) T e r t i a r y  Domes super- 
imposed on the  B lack  H i l l s  U p l i f t .  

The nor theas tern  p a r t  o f  t h e  Rapid C i t y  Quadrangle l i e s  on the  south- 
western f l a n k  o f  t he  W i l l i s t o n  Basin. The W i l l i s t o n  Basin i s  a  huge 
b a s i n  which covers a  l a r g e  p a r t  o f  the  s ta tes  o f  Nor th  Dakota, South 
Uakota, and Montana, as w e l l  as Saskatchewan, Canada. 

The B lack  H i l l s  U p l i f t ,  occu r r i ng  i n  t he  southwestern corner  o f  t he  
Rapid City .Quadrangle, i s  an eastern expression o f  t he  Laramide Orogeny. 
The main u p l i f t  o f  t h e  B lack  H i l l s  occurred a f t e r  depos i t i on  o f  t he  Late 
Cretaceous H e l l  Creek Formation and p r i o r  t o  t he  T e r t i a r y  i n t r u s i o n s .  
Numerous minor s t r u c t u r e s  found o n - t h e  f l a n k s  o f  the  B lack  H i l l s  i nc lude  



the  fo l l ow ing :  t he  Rapid C i t y ,  Piedmont, Whitewood, Be1 l e  Fourche, La 
Flamme, Chicago Creek, and Colony a n t i c l i n e s ;  the  Fanny Peak and L i t t l e  
E l k  Creek monoclines; and many f a u l t s  (Lisenbee, 1975). 

T e r t i a r y  i n t r u s i v e s  are  found i n  a  16-km (10 m i )  wide b e l t  t r end ing  N  
75O W across t h e  nor thern  Black H i l l s .  Sedimentary cover forms a  simple 
dome over l a r g e  i n t r u s i o n s  t h a t  a re  most ly  o r  e n t i r e l y  beneath t h e  
surface. Monoclines and f a u l t s  a re  present  where eros ion  has exposed 
the  i n t r u s i v e s  (Lisenbee, 1975). 

HYDRO LOGY 

P r i n c i p a l  aqu i fe rs  i n  t he  Rapid City Quadrangle are  the  Inyan Kara, 
Sundance, M i  nnel usa, Pahasapa, and a1 1  u v i  um deposi ts .  

The Inyan Kara a q u i f e r  cons i s t s  o f  t he  Lakota and F a l l  River  Formations. 
Water i s  obta ined from the  permeable sandstone u n i t s  w i t h i n  each o f  
these formations. Water i n  the  Inyan Kara a q u i f e r  i s  under a r t e s i a n  
cond i t i ons ,  i n  many cases f low ing,  and under l i es  a l l  o f  t he  quadrangle, 
except where eroded away i n  the  i n t e r i o r  o f  t he  Black H i l l s .  The 
a q u i f e r  ranges i n  depth from zero a t  outcrop around the  Black H i l l s  t o  
several  thousand f e e t  i n  t he  nor theas t  (Anonymous, 1975). . I  . 

The Sundance a q u i f e r  has approximately t he  same area l  ex ten t  as t h e  
Inyan Kara a q u i f e r  i n  t he  quadrangle. Water i s  obta ined from t h e  
permeable sandstone and l imestone u n i t s ,  p r i m a r i l y  i n  and near t h e  
outcrop area i n  t h e  Black H i l l s .  

The Minnelusa a q u i f e r  i s  t h e  major water-bearing u n i t  i n  t he  nor thern  
Black H i l l s .  Permeable sandstone u n i t s  can y i e l d  more than 3,800 Qpm 
(1,000 gpm) o f  good q u a l i t y  water (Anonymous, 1975). 

The Pahasapa a q u i f e r  produces water from l imestones and dolomites. The 
Pahasapa a q u i f e r  has approximately t h e  same area l  ex ten t  as the  pre-  
ceding a q u i f e r s  and y i e l d s  l a r g e  q u a n t i t i e s  o f  good t o  s a l i n e  water 
under h igh  a r t e s i a n  head. 

Quaternary a l l uv ium deposi ts  a re  l o c a l l y  an important  source o f  ground- 
water i n  t he  quadrangle. Because o f  t he  impermeab i l i t y  o f  most sur face 
format ions and the  g rea t  depths t o  major aqu i fe rs ,  the  a l l uv ium deposi ts  
a re  t h e  on l y  economical source o f  water ava i l ab le .  

Loca l l y ,  shal low w e l l s  a re  found t o  produce from minor aqu i fe rs ,  
i n c l u d i n g  the  fo l l ow ing :  Precambrian, Deadwood, Minnekahta, Spearf ish,  
Morr ison, Car l i l e -N iob ra ra ,  P ie r re ,  and Fox H i l l s .  

URANIUM OCCURRENCES 

To date, no major economical occurrences o f  uranium have been found i n  
the  Rapid City Quadrangle. South o f  the  quadrangle, uranium has been 



m i m e d  f rom sandstone u n i t s  wi th i -n t h e  Inyan Kara Group. Minor occur- 
rences o f  uranium minera ls  have been found i n  Precambrian zoned pegma- 
t i t e s  (Schnabel, 1975); quar tz-pebble conglomerates ( H i l l s ,  1977, 1979); 
and i n  t h e  Deadwood, Minnelusa, Spear f i sh  and P i e r r e  Formations 
(Schnabel , ,1975). 

SAMPLE COLLECTION 

CHRONOLOGY OF THE SURVEY 

Sampling i n  t h e  Rapid City Quadrangle began i n  May 1979 and was 
completed i n  October 1973. Laboratory analyses, as we1 1 as cumpi la t io l - I  
and v e r i f i c a t i o n  o f  a l l  f i e l d  and l abo ra to ry  data, were completed by May 
1980. The f i n a l  f i e l d  and l abo ra to ry  data base used t o  i 11 u s t r a t e  'l;he 
s t a t i s t i c a l  and symbol p l o t s  o f  uranium and uranium-re lated parameters 
f o r  t h i s  r e p o r t  was completed i n  May 1980. 

FIELD PROCEDURES 

Stream sediment and groundwater sampling was performed, under con t rac t ,  
by personnel o f  t h e  South Dakota School o f  Mines and Technology i n  Rapid 
City, South Dakota. A t o t a l  o f  417 groundwater and 514 stream sediment 
samples was c o l l e c t e d  w i t h i n  t h e  boundaries o f  t he  Rapid City Quad- 
rang le ,  South Dakota. Spr ing  and w e l l  water samples a re  repo r ted  
toge the r  as groundwater. P la tes  1 and 4 are  over lays a t  a scale o f  
1:250,000 showing sample l o c a t i o n s  f o r  groundwater s i t e s  and stream 
sediment s i t e s ,  respec t i ve l y .  Drainage basins are  drawn on P l a t e  4 t o  
i n d i c a t e  t h e  area represented by the  stream sediment samples. Ground- 
water  coverage i s  sparse i n  t he  rangeland o f  c e n t r a l  and northwestern 
p o r t i o n s  o f  the  quadrangle. 

D e t a i l e d  i n fo rma t ion  rega rd ing  techniques i n  sample c o l l e c t i o n ,  record- 
i n g  s i t e  data, f i e l d  equipment, and f i e l d   measurement.^ may be found i n  
t h e  f o l l o w i n g  repo r t s :  "Hydrogeochemical and Stream Sediment Recon- 
n a i  ssance Procedures o f  t h e  Urani um Resource Eva1 u a t i  on Project i i  
(Arendt,  e t  al., 1979), "Procedures Manual f o r  Groundwater Reconnaissance 
Sampl i ng (Urani um Resource Evai u a t i o n  P ro jec t ,  March 1978), and "Pro- 
cedures Manual f o r  Stream Sediment Reconnaissance Samplingii (Uranium 
Resource Eva lua t ion  P r o j e c t ,  May 1978). F i e l d  observat ions were 
recorded on the  f i e l d  form shown i n  Table C-2 and are  inc luded i n  the  
m i c r o f i c h e  i n  Appendix C. 

CONTAMINATION 

Precaut ions were taken t o  avo id  the  p o s s i b i  1 i t y  o f  c o l  l e c t i n g  contami- 
nated samples. We1 1 s which were a f f e c t e d  by c h l o r i n a t i o n ,  water- 
so f ten ing ,  o r  f i l t e r i n g  devices were n o t  sampled i f  the  water c o u l d . n o t  
be taken before  the  water passed through such devices. Any w e l l  t h a t  
had n o t  been pumped r e c e n t l y  was a l lowed t o  run  long enough t o  f l u s h  the  



system. The f a c t  t h a t  i t  had no recent  use was noted on the  f i e l d  form. 
Since the  p o s s i b i l i t y  f o r  contaminat ion i s  h igh  i n  dug we l l s ,  these are  
noted on the  f i e l d  form. Any w e l l s  thought  t o  be contaminated were 
noted as such on the  f i e l d  form. Sediment sampqes were c o l l e c t e d  
upstream from road crossings wherever poss ib le .  V i s i b l e  s igns o f  con- 
taminat ion,  t he  presence o f  c u l t i v a t e d  areas, o r  o i l  f i e l d s  upstream 
from a sample s i t e  were noted on the  f i e l d  form. 

The m a j o r i t y  o f  t he  Rapid City Quadrangle i s  rangeland; t he re fo re ,  
c a t t l e  a re  a poss ib le  contaminant i n  stream sediment samples. There i s  
l i m i t e d  crop product ion  o f  wheat, corn, and small g ra ins .  Ammonium 
n i t r a t e  i s  t he  most popular  f e r t i l i z e r  (South Dakota Crop and L ives tock  
Report ing Service, 1976). Numerous abandoned go ld  mines are l oca ted  i n  
t he  Black Hi1 1s. The opera t ing  Homestake go ld  mine has produced g o l d  
s ince 1875 and i s  t he  s t a t e ' s  major min ing i ndus t r y .  Lead-s i l ver ,  
lead-z inc,  and i r o n  depos i ts  have been mined i n  t h e  past .  The metro- 
p o l i t a n  area around Rapid City i n  the  southwestern p a r t  o f  t h e  
quadrangle might  a l so  be a p o t e n t i a l  source o f  contaminat ion. 

CHEMICAL ANALYSIS 

A l l  samples c o l l e c t e d  i n  t h e  survey area were re tu rned  t o  t h e  URE Pro- 
j e c t  1 aboratory i n  Oak. Ridge, Tennessee f o r  p repa ra t i on  and ana lys is .  
The elements determined and the  a n a l y t i c a l  techniques used a long w i t h  
the  appropr ia te  d e t e c t i o n  l i m i t s  a re  g iven i n  Table 1. These de tec t i on  
l i m i t s  a re  considered the  bes t  average du r ing  normal opera t ion ;  however, 
some va r iab les  have values repor ted  below these l i m i t s .  A l l  water 
samples were rece ived i n  250-1111 po lye thy lene b o t t l e s  and were f i  1 t e r e d  
through 0.45-pm c e l l u l o s e  aceta te  paper. Stream sediment samples were 
d r i e d  overn igh t  a t  85OC and s ieved t o  c o l l e c t  t he  (150-pm f r a c t i o n .  
P a r t  o f  the  sediment sample was d isso lved i n  10 m l  o f  1: 1 n i t r i c -  
h y d r o f l u o r i c  ac id.  The a n a l y t i c a l  procedures which were used have been 
descr ibed by Cagle (1977) and Arendt, e t  a1 (December 1979). A1 1 
observed data from a l l  samples are  inc luded i n  t h e  m ic ro f i che  i n  
Appendix C. 

QUALITY CONTROL 

MEASUREMENTS CONTROL 

Procedures used t o  analyze URE P r o j e c t  reconnaissance samples r e q u i r e  
t h a t  c a l i b r a t i o n  standards, check samples, and blanks be analyzed a long 
w i t h  normal samples t o  ensure t h e  v a l i d i t y  o f  repo r ted  r e s u l t s .  A 
measurements c o n t r o l  program provides i n fo rma t ion  concerning p r e c i s i o n  
and r e l i a b i l i t y  o f  these measurements. Contro l  samples o f  two water 
batches and th ree  sediment batches a re  submitted anonymously a long w i t h  
r o u t i n e  samples on a d a i l y  basis .  S t a t i s t i c a l  summaries o f  r e s u l t s  



Table 1 

.DETECTION LIMITS OF VARIABLES DETERMINED IN  WATER AND SEDIMENT SAMPLES 

V a r i a b l e  Method 

U- FL 
U-MS 
U-NT 
As 
S e 
Ag 
A 1 
B 
B a 
Be 
C a 
C e 
Co 
C r 
Cu 
Fe 
H f 
K 
La 
L i 
Mg 
Mn 
Mo 
N a 
Nb 
N i 
P 
Pb 
Sc 
S i 
S r  
Th 
T i  
v 
Y 
Zn 
Z r  
so4 
C 1 

F l  uorometry 
Mass Spectrometry-Isotope Di 1 u t i o n  
Neutron Act ivat ion-Delayed Neutron Count 
Atomic Absorpt ion 
Atomic Absorpt ion 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
P l  asma Source Emi  s s i  on Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
P l  asma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source El11.i ss iun Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emi ss ion  Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectr0metr.y 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Spectrophotometry 
Spectrophotometry 

Detec t ion  L i m i t s  
Sediment Water 
0 0 

( a ) ~ e t e c t i o n  1 i m i  t s  expressed i n  percent .  
( b ) ~ e t e c t i o n  l i m i t s  expressed i n  ppm. 



repor ted  on c o n t r o l  samples, which were analyzed w i t h  the  samples 
inc luded i n  t h i s  survey, a re  g iven i n  Tables 2 and 3. Resul ts  o f  
uranium ana lys i s  o f  water and sediment c o n t r o l  samples obta ined from t h e  
Ames Laboratory as p a r t  o f  t he  M u l t i l a b o r a t o r y  A n a l y t i c a l  Q u a l i t y  Con- 
t r o l  f o r  t he  HSSR Program a re  repo r ted  by DIS i lva ,  e t  a1 (1980). 

PRINCIPAL COMPONENT ERROR ANALYSIS 

A p r i n c i p a l  component ana lys i s  o f  da ta  from w e l l  water and stream sedi- 
ment samples was used t o  produce an. ordered 1 i s t  o f  samples us ing  t h e  
eigenvalue s t a t i s t i c s  as descr ibed by Kane, e t  a1 (1977), where the  most 
extreme samples were l i s t e d  f i r s t .  Add i t i ona l  unusual samples were 
i d e n t i f i e d  i f  single-element measurements were ou ts ide  a th ree  standard 
d e v i a t i o n  conf idence i n t e r v a l  around the  mean. Laboratory and f i e l d  
data from the  unusual samples i d e n t i f i e d  by t h i s  procedure were 
reviewed. Seven w e l l  water samples (402676, 403002, 403003, 403204, 
403217, 403281, and 403617) and seven stream sediment samples (402800, 
402801, 402828, 402839, 403231, 403571, and 403777) which appeared t o  be 
the  most unusual were submitted f o r  reana lys is .  O r i g i n a l  r e s u l t s  were 
compared t o  the  r e s u l t s  from reana lys is .  O f  more than 400 i n d i v i d u a l  
analyses t h a t  were compared, t h e  o n l y  r e s u l t s  which were considered t o  
be i n  e r r o r  i n  t h e  o r i g i n a l  ana lys i s  and r e q u i r e  co r rec t i ons  were t h e  
U-FL value f o r  Sediment Sample 403571, a rsen ic  and selenium values f o r  
Sediment Samples 402828, 402839, 403231, and mul t ie lement  values f o r  
Sediment Samples 403231, 403571, 403777. This  ' low e r r o r  r a t e  f o r  
unusual samples i n d i c a t e s  a h igh  l e v e l  o f  r e l i a b i l i t y  f o r  t he  l abo ra to ry  
measurements. 

GEOCHEMICAL RESULTS 

GEOCHEMICAL DISTRIBUTIONS I N  GROUNDWATER 

Sample ' s i t e  l o c a t i o n s  f o r  groundwater samples c o l l e c t e d  i n  t he  Rapid 
City Quadrangle a re  shown on P l a t e  1 a t  t h e  1:250,000 scale. Symbol 
p l o t s  f o r  uranium and s p e c i f i c  conductance are  presented a t  t h i s  scale 
on P la tes  2 and 3 and a t  t h e  1:1,000,000 scale i n  F igures A- lb and A-2b, 
respec t i ve l y .  A map o f  major producing hor izons sampled i s  presented i n  
F igure  4. The samples which had hydrogen s u l f i d e  odor a t  t h e  t ime o f  
c o l l e c t i o n  were noted. The number o f  groundwater samples c o l l e c t e d  from 
each producing u n i t  i s  presented i n  Table 4. 

Observed data f o r  t he  va r iab les  uranium, s p e c i f i c  conductance, 
1,00O.-urani um/speci f i c  conductance, boron, c a l  c i  um, po tass i  um, 1 i t h i  um, 
magnesium, selenium, s t ront ium, and s u l f a t e  a re  l i s t e d  i n  Table A-3. 
The f i g u r e s  i n  Appendix A p resent  l o g  frequency, lognormal p r o b a b i l i t y ,  
p e r c e n t i l e  and symbol p l o t s  f o r  these va r iab les  p l u s  barium and t o t a l  
a l k a l i n i t y .  



Table 2 

SUMMARY OF MEASUREMERTS CDNTRCL RESULTS OBTAINED WITH GROUNDWATER SAMPLES FROM THE RAPID CITY QUADRANGLE 

Batch h-4 
Standard C o e f f i c i e n t  

No. o f  Mean Deviat ion o f 
E l  ement Method Samples (ppbl (ppb) V a r i a t i o n  

U F L ~ )  17 0.75 
AS ~ ( b )  2 0 3.3 
S E A4 20 1.2 
AL P S ~ )  13 92.0 
B PS 13 1,570.0 
B A PS 12 140.0 
C A PS 14 10,000.0 
CO PS 14 20.11 
C R PS 14 93.0 
CU PS 8 45.11 
F E PS 13 103.0 
K PS 14 1,800.0 
L I PS 14 16.0 
MG PS 14 9,200.0 
MN PS 14 20.0 
MO PS 13 24.0 
N A PS 14 1,600.0 
N I PS 13 195.0 
P PS 13 90.11 
S C PS 13 63.11 
S I PS 14 870 - 1 1  

SR PS 14 56.29 
T I  PS 13 118.3 
v PS 12 9. I 
Y PS 14 9. I 
ZN PS 14 498.3 

a F l  uorometr ic ana lys is .  1 b 1 Atomic absorpt ion.  
( c )  plasma source erni ss i c~n  speccrosopy.  

No. o f  
Sampl es 

11 
17 
17 
18 
19 
19 
18 
17 
18 
18 
18 
17 
18 
18 
16 
13 
18 
18 
17 
17 
18 
18 
18 
18 
18 
18 

Batch H-4 
Standard 
Dev ia t ion  
0 

0.897 
0.31 
0.24 

25.0 
4.6 
1.4 

6,190.0 
2.9 
1.8 

23.3 
50.7 

937.0 
5.6 

2,710.0 
4.1 
6.3 

2,120.0 
6.2 

134.3 
0.5 

371 .O 
170.85 

4.4 
3.5 
2.4 

24.3 

Coef f ic ient  
o f  

V a r i a t i o n  



Table 3 

SUMMARY OF MEASUREMENTS CONTROL RESULTS OBTAINED 
WITH STREAM SEDIMENT SAMPLES FROM THE R A P I D  C I T Y  QUADRANGLE 

Batch 9-1 Batch R-3 
Standard C o e f f i c i e n t  Standard C o e f f i c i e n t  

No. o f  Hean D e v i a t i o n  o f  No. o f  Mean D e v i a t i o n  o f  
Element Method Samples (ppm) (ppm) V a r i a t i o n  Samples (ppm) (ppm) V a r i a t i o n  -- 

HF PS 2 7 2.11 1.577 0.75 2 7 3.83 2.685 0.70 

LA PS 28 20.89 3.023 0.14 27 78.00 15.056 0.19 

(a )~ luur .u l l l rL r . i i  a 1 1 . 1 y ~ i ~ .  
b Neutron a c t i v a t i o n  delayed neut ron  count.  I c 1 Atomic absorp t ion .  

( d ) ~ l a s m a  source emission spectroscopy. 

Batch 5-3 
Standard 

No. o f  Mean D e v i a t i o n  
Samples (ppm) (ppm) 

C o e f f i c i e n t  
o f  

V a r i a t i o n  
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Table 4 

DISTRIBUTION OF SAMPLES BY GEOLOGIC UNIT FROM THE RAPID CITY QUADRANGLE 

Geologic No. of No. o f  
U n i t  Groundwater Sediment 

Geologic U n i t  Code Sampl es Sampl es 

A1 1 u v i  um Q AL 1 3 

White R ive r  Group TOW 2 1 

Ludl ow Formati on TPFL 1 0 

T e r t i a r y  I n t r u s i v e s  TPPR 

H e l l  Creek Formation KGMH 

Fox H i l l s  Formation KGM F 

P i e r r e  Shale KGMP 

Niobrara Marl and 
Car l  i 1 e Shale 

Greenhorn Limestone KGCG 

Graneros Shale KGDS 

Inyan Kara Group KFL 

Morr ison and 'Sundance J MS 
Formations 

Spear f i sh  Formation TRSP 

Minnekahta Limestone P EM0 
and Opeche Shale 

Minnel usa Formation PMIN 

Pahasapa and Englewood MIPE 
Limestones 

Deadwood Formation CDEA 

Precambrian Un i t s  PCMS 

To ta l  



Uran i  um 

F i g u r e  A - lb  i n d i c a t e s  groundwaters w i t h  uranium concent ra t ions  g rea te r  
t han  22.83 ppb (85 th  p e r c e n t i l e )  a re  sca t te red  over t h e  n o r t h  c e n t r a l  t o  
south  c e n t r a l  p o r t i o n  o f  t h e  quadrangle between long. 1020301 t o  1030201 
W .  The p e r c e n t i l e  p l o t  (F igure  A-la) shows t h e  h ighes t  group o f  uranium 
values occurs i n  waters produced from the  P i e r r e  Shale and the  group 
composed o f  the  N iobrara  Mar l ,  C a r l i l e  Shale, and Graneros Shale. 

C l u s t e r s  o f  groundwater samples w i t h  h igh  u ran i  um concent ra t ions  occur 
as f o l l o w s  from n o r t h  t o  south: (1) i n  northwestern Meade County 
between l a t .  440501 and 44O57' N. and between long. 1020401 and 103' W.;  
(2) as sca t te red  l o c a t i o n s  i n  t h e  c e n t r a l  area o f  t h e  quadrangle i n  
Meade County; and (3) i n  no r the rn  Pennington County, t h e  south c e n t r a l  
p o r t i o n  o f  the survey area. A l l  o f  these waters were produced from the  
P i ~ r r ~  S h a l ~ .  

Most groundwaters w i t h  uranium concentrat ions l e s s  than 0.31 ppb (15th 
p e r c e n t i l e )  occur  a long t h e  ou ter  corners o f  t he  quadrangle. These 
groundwaters w i t h  low uranium content  were produced from many geologic  
u n i t s  though most a re  produced from the  Inyan Kara Group. The uranium 
p e r c e n t i l e  p l o t  (F igure  A-la) shows t h e  Inyan Kara Group having a median 
uranium value o f  0.2 ppb compared w i t h  .a 3.6-ppb median value f o r  a l l  
geo log i c  u n i t s  i n  t h e  quadrangle. Other format ions e x h i b i t i n g  low 
uranium values a re  the  Morr ison and Sundance Formations, Pahasapa and 
Englewood Limestones, Deadwood Formation, and Precambrian u n i t s .  

The c o r r e l a t i o n  m a t r i x  (Table A-2) i n d i c a t e s  a s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  w i t h  c o e f f i c i e n t s  o f  g rea te r  than 0.35 f o r  bo th  Pearson and 
Spearman c o r r e l a t i o n s  between uranium and s p e c i f i c  conductance, calcium, 
1 i t h i u m ,  potassium, magnesi um, s t ron t ium;  and s u l f a t e .  There i s  a 
s i g n i f i c a n t  negat ive  c o r r e l a t i o n  c o e f f i c i e n t  o f  l ess  than 0.31 between 
uranium and pH. 

S ~ e c i t i c  Conductance 

F igu re  A-2b i n d i c a t e s  t h a t  most groundwaters w i t h  s p e c i f i c  conductance 
values g rea te r  than 4,277 pmhos/cm (85th  p e r c e n t i l e )  occur i n  t he  nor th -  
eas te rn  p o r t i o n  o f  t h e  quadrangle and as i s o l a t e d  we1 1s sca t te red  over 
most o f  t h e  quadrangle (except f o r  t h e  southwestern corner).  These 
groundwaters were produced p r i m a r i l y  from t h e  P i e r r e  Shale. The per-  
c e n t i l e  p l o t  (F igure  A-2a) i n d i c a t e s  t h e  P i e r r e  Shale has the  h ighes t  
median s p e c i f i c  conductance value of 2,374.9 pmhos/cm as compared w i t h  
t h e  median value o f  1,532.9 pmhos/cm f o r  a l l  geologic  u n i t s .  

Groundwater samples w i t h  s p e c i f i c  conductance values l e s s  than 629 
pmhos/cm (15th p e r c e n t i l e )  a r e  l oca ted  i n  t h e  southwestern corner  o f  t he  
quadrangle i n  t h e  no r the rn  Black H i l l s .  These groundwater samples were 
produced from several  geo log ic  u n i t s ,  i n c l u d i n g  the  Pahasapa and Engle- . 
wood --Limestones, Deadwood Formation, and Precambrian u n i t s .  The per-  
c e n t i l e  p l o t  (F igure A-2a) i n d i c a t e s  these u n i t s  have t h e  lowest  
s p e c i f i c  conductance values. 



The c o r r e l a t i o n  m a t r i x  (Table A-2) i n d i c a t e s  s i g n i f i c a n t  p o s i t i v e  cor re-  
l a t i o n s  w i t h  c o e f f i c i e n t s  f o r  bo th  Pearson and Spearman c o r r e l a t i o n s )  
g rea te r  than 0.35 between s p e c i f i c  conductance and uranium, boron, 
c h l o r i d e ,  potassium, l i t h i u m ,  selenium, s u l f a t e ,  s t ront ium, and t o t a l  
a1 ka l  i n i  ty. There i s  a  s i g n i f i c a n t  negat ive c o r r e l a t i o n  c o e f f i c i e n t  o f  
l e s s  than 0.45 between s p e c i f i c  conductance and barium. 

Related Var iab les  

Some members o f  t h e  P i e r r e  Shale a re  b lack,  organic shales. A poss ib le  
source f o r  uranium i n  the  P i e r r e  Shale i s  t h e  smect i te  o r  ben ton i te  
beds. The o rgan ic - r i ch  b lack  shales have h igher  r a d i o a c t i v i t y  and 
uranium content  than the  surrounding shales (Tou r te lo t ,  1956). 

Most groundwaters w i t h  u ran i  um concentrat ions g rea te r  than 22.83 ppb 
(85th p e r c e n t i l e )  were c o l l e c t e d  from sca t te red  l o c a l i t i e s  i n  t h e  P i e r r e  
Shale. Associated .w i th  the  h igh  uranium values a re  h igh  concentrat ions 
o f  calcium, potassium, magnesium, and s t ron t ium,  which i n d i c a t e  t h e  
presence o f  carbonates. Calcareous shales p o s s i b l y  r e t a i n  more uranium 
than the  noncalcareous shales (Tou r te lo t ,  1956). 

Barium, l i t h i u m ,  s p e c i f i c  conductance, and s u l f a t e  c o r r e l a t e  s t r o n g l y  
w i t h  calcium, potassium, magnesium, and st ront ium. Th is  grouping i n a i -  
cates h igh  sa l  i n i  ty. 

The R.apid City Quadrangle cons i s t s  o f  l i t h o l o g i c a l l y  d i ve rse  geologic  
u n i t s .  Most groundwater samples were produced from the  Cretaceous 
format ions w i t h  re1 a t i v e l y  few produced from the  Paleozoic and 
Precambrian format ions o f  t he  Black H i l l s .  M u l t i p l e  popu la t ions  sampled 
make comparison. between i n d i v i d u a l  geologic  u n i t s  d i f f i c u l t ,  and t h e  
s p a r s i t y  o f  samples from u n i t s  i n  t he  Black H i l l s  r e s t r i c t s  eva lua t ion .  

Summary o f  Groundwater Data 

Areas t h a t  appear most promis ing f o r  uranium m i n e r a l i z a t i o n  are  l oca ted  
i n  t h e  P i e r r e  Shale i n  t he  c e n t r a l  p o r t i o n  o f  t h e  quadrangle. Waters 
produced from t h i s  area have h igh  values f o r  calcium, potassium, 

. magnesium, s t ron t ium,  and s p e c i f i c  conductance and are  associated w i t h  
the  h igh  uranium concentrat ions.  L i t h ium and s u l f a t e  a l s o  c o r r e l a t e  
s t r o n g l y  i n  t h e  areas showing h igh  uranium concentrat ions.  Uranium i s  
p o s s i b l y  h e l d  i n  b lack  shale members w i t h i n  t h e  P i e r r e  Shale as a  
urano-organic coumpound. Geologic u n i t s  i n  t he  no r the rn  Black H i l l s  
d i f f e r  l i t h o l o g i c a l l y  and chemica l ly  from the  geo log ic  u n i t s  i n  t he  
remainder o f  t he  quadrangle. Therefore, u n i t s  i n  t he  B lack  H i l l s  should 
perhaps be evaluated separa te ly  r a t h e r  than comparat ive ly  w i t h  t h e  
T e r t i a r y  and Cretaceous u n i t s  o f  t h e  quadrangle. 



GEOCHEMICAL DISTRIBUTIONS I N  STREAM SEDIMENTS 

Sample s i t e  l o c a t i o n s  f o r  stream sediments c o l l e c t e d  i n  the  Rapid City 
Quadrangle are shown on P l a t e  4 a t  the  1:250,000 scale. The symbol p l o t  
f o r  t h e  hot-acid-sol  ub le  uranium as determined by f 1 uorometr ic ana lys is  
(U-FL) i s  presented a t  t h e  1:250,000 scale i n  P la te  5 and a t  the  
1:1,000,000 sca le  i n  F igure  B-lb. The symbol p l o t  f o r  thorium i s  
presented a t  the  1:250,000 scale i n  P la te  6 and a t  the  1:1,000,000 scale 
i n  F igure  B-4b. The stream sediment data subset inc ludes a l l  stream 
sediment samples c o l l e c t e d  from basins i n  the  Rapid C i t y  Quadrangle t h a t  
average approximately 25 km2 (10 m i 2 ) .  This data subset i s  used t o  
generate Tables B-1 and B-2 and the f i gu res  i n  Appendix B. There were 
477 stream sediment samples c o l l e c t e d  from the  major s t r a t i g r a p h i c  u n i t s  
o f  the  survey area, and t h e  d i s t r i b u t i o n  by geologic u n i t  i s  presented 
i n  Table 4. Results from a91 stream sediment samples c o l l e c t e d  from t h e  
Rapid City Quadrangle are inc luded i n  Table 8-3 and i n  the  micro f iche i n  
Appendix C. 

Observed data f o r  t h e  var iab les  U-FL, U-NT, U-FL/U-NT, thorium, coba l t ,  
copper, i r o n ,  n i c k e l ,  vanadium, y t t r i u m ,  and z inc  are l i s t e d  i n  Table 
B-3. The f i g u r e s  i n  Appendix B represent l o g  frequency, log-normal 
p r o b a b i l i t y ,  p e r c e n t i l e ,  and symbol p l o t s  f o r  these same var iables,  p l u s  
arsen ic ,  chromi urn, and scandi urn. 

Urani um 

The p e r c e n t i l e  p l o t s  f o r  U-FL and U-NT (Figures B- la  and B-2a, respec- 
t i v e l y )  i n d i c a t e  the  h igh median values are i n  sediments der ived from 
t h e  Precambrian u n i t s ,  t he  P i e r r e  Shale, and the group cons is t i ng  o f  the  
Graneros Shale, Niobrara Marl ,  and Car l  i l e  'shale. The symbol p l o t s  
(Figures B- lb and B-2b, respect ive ly )  l oca te  most U-FL and U-NT values 
above the  85th p e r c e n t i l e  (3.87 and 4.65, respec t i ve l y )  as occur r ing  i 'n 
sediments from t h e  P i e r r e  Shale. Some h igh uranium values a l so  occur i n  
sediments from the  Graneros Shale and from Paleozoic and Precambrian 
u n i t s  i n  the  nor thern  Black H i l l s .  

C lus ters  o f  sediment samples w i t h  h igh U-FL and U-NT values occur: (1) 
i n  the  no r th  c e n t r a l  area o f  the  quadrangle between l a t .  44O43' and 45O 
N. and long. 103O and 103O22' W. These sediments were der ived from the  
P i e r r e  Shal-e; (2) i n  two c l u s t e r s  i n  the  c e n t r a l  p a r t  o f  the  survey area 
between l a t .  44O15' and 44O35' N. and long. 102O25' and 103O W. These 
sediments were der ived from the  P i e r r e  Shale; and (3) i n  the  south 
c e n t r a l  sec t ion  o f  the  quadrangle between l a t .  44O and 44O05' N. and 
long. 102O42' and 102°521 W. These h igh values are i n  sediments from 
t h e  P i e r r e  Shale and surround an outcrop o f  the  Oligocene White R iver  
Group. 

Scat tered high U-FL and U-NT values are found i n  the  Paleozoic and 
Precambrian u n i t s  o f  the  Black H i l l s  and i n  the  surrounding s t r i p  o f  the  
Graneros Shale. 



The correlation matrix (Table B-2) shows a positive correlation coeffi- 
cient of greater than 0.40 for both Pearson and Spearman correlations 
between U-FL and U-NT, arsenic, cobalt, copper, iron, nickel, scandium, 
vanadium, yttrium, and zinc. There is a negative correlation coeffi- 
cient of less than 0.18 between U-FL and calcium. 

Thori um 

Thorium values greater than 10 ppm (the 85th percentile) are found 
scattered over the quadrangle, occurring mostly in sediments from the 
Pierre Shale. Some sediment samples with high thorium concentrations 
correlate with high U-FL areas, as shown by one cluster in. the central 
area of the quadrangle in the Pierre Shale. Isolated samples in the 
Pierre Shale, Graneros Shale, and the Paleozoic units have corresponding 
high values for U-FL and thorium. 

The correlation matrix (Table 8-2) indicates significant positive 
correlation coefficients of greater than 0.35 for both Pearson and 
Spearman correlations between thorium and cerium, cobalt, chromium, 
copper, iron, lithium, nickel, scandium, titanium, vanadium, yttrium, 
zinc, and zirconium. There is a significant negative correlation 
coefficient of less than 0.15 between thorium and calcium and s'odium. 

Related Variables 

In the north central area of the quadrangle, sediments with high uranium 
values correspond approximately with high values for arsenic, cobalt, 
and yttrium. These sediment samples were collected from the Pierre 
Shale. 

The U-FL/U-NT values are relatively low, sometimes less than 0.64 (the 
15th percentile) for the cluster of high U-NT values in the central area 
of the quadrangle at lat. 44O20' N. between long. 10Z045' and 103O W. 
This horizontal string of sediment samples has high values for titanium 
and zi rconi um, indicating heavy or resi state minerals , which appear to 
be related to the high - insoluble uranium concentrations (values for 
titanium and zirconium may be found in the microfiche). The cluster of 
high U-NT values has corresponding high concentrations (above the 85th 
percenti 1 e) for arsenic, cobalt, copper, iron, nickel , scandi um, 
thorium, vanadium, yttrium, and zinc. These sediments are derived from 
the Pierre Shale. 

In the extreme northwestern corner of the survey area, the indicators of 
resistate minerals and chromium, nickel, scandium, thorium, vanadium, 
and zinc are strongly correlated. No high uranium values are associated 
with these variables. The sediments in this area are derived from the 
Pierre Shale. 

In the Black Hills, sediments from the Paleozoic units with low U-FL and 
U-NT values (less than the 15th percentile) have corresponding low 



values f o r  c o b a l t ,  chromium, i r o n ,  n i c k e l ,  scandium, t i t an ium,  vanadium, 
y t t r i  um, z inc ,  and z i  r c o n i  um. Samples from t h e  Precambrian u n i t s  have 
i s o l a t e d  h igh  concent ra t ions  o f  uranium w i t h  corresponding anomalous 
concent ra t ions  f o r  a rsen ic ,  coba l t ,  copper, i r o n ,  n i c k e l ,  and z inc ,  and 
medium t o  h igh  values f o r  t i t a n i u m  and zirconium. 

Summarv o f  the  Stream Sediment Data 

The stream. sediment da ta  i n d i c a t e  th ree  groups o f  sediment samples w i t h  
h i g h  uranium concent ra t ions  i n  t h e  P i e r r e  Shale. Scat tered l o c a l i t i e s  
i n  t h e  Graneros Shale and i n  t he  Paleozoic and Precambrian u n i t s  o f  t he  
no r the rn  Black H i l l s  e x h i b i t  anomalous uranium concentrat ions.  These 
arcas u s u a l l y  have assoc ia ted  h igh  values f o r  a rsen ic ,  coba l t ,  and 
y t t r i u m .  The Precambrian u n i t s  e x h i b i t  a  t o t a l l y  d i f f e r e n t  composit ion 
f rom t h e  surrounding Pal e o r s i c  u n i t s .  No areas show s.tt.orry po ten t - ia l  
f o r  uranium m i n e r a l i z a t i o n  and no s t r u c t u r a l  o r  geochemical t rends have 
been i n d i c a t e d  by t h e  stream sediment data. 



ACKNOWLEDGMENTS 

The URE P r o j e c t  would l i k e  t o  acknowledge t h e  assis tance o f  Robert Stach 
and Richard Bre tz  o f  t he  South Dakota Geological  Survey i n  f a m i l i a r i z i n g  
the  URE geo log i s t s  w i t h  t h e  geology o f  t he  Rapid City Quadrangle. 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



BIBLIOGRAPHY 

1. Anonymous, Water Resources, South Dakota Geologica l  Survey, B u l l e t i n  
16, P a r t  2, pp. 192-205 (1 975). 

2. Arendt, J. W., Butz, T. R., Cagle, G.  W., Kane, V. E., and Nichols ,  
C. E., Hydrogeochemical and Stream Sediment Reconnaissance Procedures 
of the Uraniwn Resource Evaluation Project, Union Caribde Corporat ion, 
Nuclear D i v i s i on ,  Oak Ridge Gaseous D i f f u s i o n  P lan t ,  Oak Ridge, Ten- 
nessee, K/UR-100 ( December 1 979) . 

3. Cagle, G. W., "The Oak Ridge A n a l y t i c a l  Program," Symposiwn on Hydro- 
geochemical and Stream Sediment Reconnaissance for Uraniwn i n  the 
United States,  March 16 and 17, 1977, pp. 133-1 56, Un i ted  States Energy 
Research and Development Admin is t ra t ion ,  Grand Junct ion,  Colorado, GJBX- 
77(77) (October 1977). 

4. Cobban, W. A., "Cretaceous Rocks on t h e  Nor th  Flank o f  t h e  Black H i l l s  
U p l i f t , "  Billings Geol. Soc. Guidebook 3rd Ann. Field Conference, Black 
Hills-Williston Basin, 1952, pp. 86-88 ( 1  952). 

5. D 'S i l va ,  A. P., Grabau, F., and Haas, W .  J., MuZtiZaboratory Analytical 
Quality Control Program fop t h e  Hydrogeochemical and Stream Sediment 
Reconnaissance, Ames Laboratory,  Iowa S ta te  U n i v e r s i t y ,  Ames, Iowa, 
IS-4736 ( A p r i l  1980) ( A v a i l a b l e  f rom Nat iona l  Technical  I n fo rma t i on  
Service, U.S. Department o f  Commerce, 5285 P o r t  Royal Road, Sp r i ng f i e l d ,  
V i r g i n i a  221 61 ) . 

6. Gr ies,  J. P., "Mesozoic S t r a t i g r a p h y  o f  t h e  Dakota Basin," Billings 
Geological Society Guidebook 3rd Ann. Field Conference, Black Hills- 
Wil l is ton Basin, 1952, pp. 73-78 (1952). 

7. Gr ies,  J. P., PaZeozoicRocks, South Dakota Geologica l  Survey, B u l l e t i n  
16, P a r t  2, pp. 32-38 (1975). 

8. Harksen, J. C. , Cenozoic Hocks, Y'ertiary Sedimentary Rocks, South Dako- 
t a  Geologica l  Survey, B u l l e t i n ,  16, P a r t  2, pp:43-45 (1975). 

9. H i l l s ,  F. A., Uraniwn and Thoriwn i n  the Middle Precambrian Estes Con- 
glomerate, Nemo District ,  Lawrence County, South Dakota--A Preliminary 
Report, U.S. Geologica l  Survey, Open-Fi 1 e Report  77-55 ( 1  977). 

10. H i l l s ,  F. A., "Uranium, Thorium, and Gold i n  t h e  Lower Pro te rozo ic  Estes 
Conglomerate, Nemo D i s t r i c t ,  Lawrence County, South Dakota," Contribu- 
t ions t o  GeoZogy, Vol . 1 7, NO. 2 ( 1  979). 

11. Kane, V.  E., Baer, T., and Begovich, C. L., Principal Components 
Testing for Outlisrs, Union Carbide Corporat ion, Nuclear D i v i s i on ,  
Oak Ridge Gaseous D i f f u s i o n  Plant ,  Oak Ridge, Tennessee, K/UR-7 
( J u l y  1977). Un i ted  Sta tes  Department o f  Energy, Grand Junct ion,  
Colorado [GJBX-71(77)]. 



12. Knechtel ,  M. M.  and Pa t t e r son ,  S. H . ,  Bentonite Deposits of the Northern 
Black Hil ls  Di'strict Wyoming, Montana, and South Dakota, U . S . Geological 
Survey,  B u l l e t i n ,  1082-M, pp. 900-930 (1  962).  

13. Lisenbee,  A. L . ,  Black Hil ls ,  South Dakota Geological Survey, B u l l e t i n  
16,  P a r t  2 ,  pp. 54-56 (1975) .  

14 .  McKee, E .  D.  , e t  a1 , Paleotectonic Maps, Jurassic System, U .  S. Gel og ica l  
Survey, Miscel laneous Geological I n v e s t i g a t i o n  Map 1-175 (1956) .  

15. Merewether, E .  A . ,  Mesozoic Rocks, South Dakota Geological Survey, Bul- 
l e t i n  16,  P a r t  2 ,  pp. 38-43 (1975).  

1 Nichols ,  C. E., Butz, T, R . ,  Cagle,  G .  W . ,  and Kane, V. E . ,  wide-~pnced 
Uranium Geochemical Survey i n  the Plainvieu, Lubbock, and Big S p ~ i n g s  
Quadrangles, Texas. Union Carbide Corporat ion,  Nuclear Div is ion ,  Oak 
Ridge Gaseous D i f fu s ion  P l a n t ,  Oak Ridge, Tennessee,  K/UR-10 (Uecember 
1977) .  United S t a t e s  Department of  Energy, Grand Junc t ion ,  Colorado 
[GJBX-74(78)]. 

17. Redden, J .  A. , Tezal;,itrry Igneous Rocks, South Dakota Geological Survey, 
B u l l e t i n  16 ,  P a r t  2 ,  pp. 45-47 (1975).  

18. Redden, J .  A.  and Norton, J .  J . ,  Precambrian Geology of the Black H?:IZ.s, 
South Dakota Geological  Survey, B u l l e t i n  16,  P a r t  2, pp. 21-25 (1975) .  - 

19. Schnabel ,  R .  W . ,  Uraniwn, South Dakota Geological Survey, B u l l e t i n  16,  
P a r t  2 ,  pp. 172-176 (1 975) .  

s 

20. S c h u l t z ,  L. G . ,  MineraZogy and Stratigraphy of the Lower Part of the 
Pierre Shale, South Dakota and Nebraska, U.S. Geological Survey, Pro- 
f e s s i o n a l  Paper 392-B (1 965).  

21 . Shapi r o ,  L . H. , Structural Geology of the BZack H i l l  Region and 1mp2i- 
cations for the Origin of the Upl i f t s  of the Middle Rocky Mountain 
Province, Unlversi  t y  o f  l"li r~riesu La, M-i t-~neapol i s ,  Unpubl i shed Ph .  D .  
' i hes i  s (1 971 ) . 

22. South Dakota Crop and Livestock Reporting Se rv i ce ,  South Dakota Agr i -  
cuZturaZ S t a t i s t i c s ,  Sioux Fa1 1 s ,  South Dakota (1 976) .  

23. Tour t e  l o t ,  H. A . ,  "Radfoac t lv i t y  d r ~ d  Ur.dr15um Content o f  Some Cretacouu!i 
S h a l e s ,  Cent ra l  Grea t  P l a i n s , "  AAPG Bulletin,  Vo1 . 40, No. 1 , pp. 62- 
8 3  ( January  1956) .  

24. T o u r t e l o t ,  H .  A .  and Cobban, W .  A . ,  Stratigraphic Significance and 
Petrology of  Phosphate Nodules a t  Base of ~ i o b r a r a  Formation, East 
Flank of Black Hil ls ,  South Dakota, U.S. Geological Survey, Profes -  
s i o n a l  Paper 594-L (1968) .  



25. Uranium Resource Eva lua t ion  Pro jec t ,  Procedures Manual for Grounduater 
Reconnaissance Sampling, Union Carbide Corporat ion, Nuclear D iv i s ion ,  
Oak Ridge Gaseous D i f f u s i o n  Plant ,  Oak Ridge, Tennessee, K/UR-12 
(March 1978). Uni ted States Department o f  Energy, Grand Junct ion,  
Colorado [GJBX-62(78)]. 

26. Uranium Resource Eva lua t ion  Pro jec t ,  Procedures Manual for Stream 
Sediment Reconnaissance Sampling, Union Carbide Corporat ion, Nuclear 
D iv i s ion ,  Oak Ridge Gaseous D i f f u s i o n  Plant ,  Oak Ridge, Tennessee, 
K/UR-13 (May 1978). Uni ted States Department o f  Energy, Grand Junc- 
t i o n ,  Colorado [GJBX-84(78)]. 

27. Waage, K. M., Stratigraphy of the Inyan Kara Group in the Black Hills, 
U.S. Geological  Survey, B u l l e t i n  1081-B, pp. 11-90 (1959). 

28. Zartman, R. E. and Stern, T. W.,  " I s o t o p i c  Age and Geologic Re la t ion-  
sh ips o f  t he  L i t t l e  E l k  Grani te,  Nor thern Black H i l l s ,  South Dakota," 
Geological Survey Research 2967, U.S. Geological Survey, Pro fess iona l  
Paper 575-D, pp. D l  57-Dl 63 ( 1  967). 



APPENDIX A 

GROUNDWATER 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 

ascott
Blank Stamp



No. 

A- 1 

No. 

A-1 a 

A- 3 

APPENDIX A 

GROUNDWATER 

LIST OF TABLES 

S t a t i s t i c a l  Summary f o r  Groundwater 
. . . . . . . . . . .  o f  t h e  Rapid C i t y  Quadrangle 

C o r r e l a t i o n  M a t r i x  f o r  Groundwater 
. . . . . . . . . .  o f  t he  Rapid City Quadrangle 

P a r t i a l  Data L i s t - i n g  f o r  Groundwater 
o f  t h e  Rapid C i t y  Quadrangle . . . . . . . . . .  

LIST OF FIGURES 

T i t l e  

P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e  P l o t s  
f o r  Uranium (ppb) i n  Groundwater 

. . . . . . . . . .  o f  t h e  Rapid C i t y  Quadrangle 

Geochemical D i s t r i b u t i o n  o f  Uranium (ppb) 
i n  Groundwater o f  t he  Rapid C i t y  Quadrangle . . 

P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e  P l o t s  
f o r  Speci f i c Conductance (pmhos/cm) 
i n  Groundwater o f  the  Rapid C i t y  
Quadrangle . . . . . . . . . . . . . . . . . . .  

Geochemical D i s t r i b u t i o n  o f  S p e c i f i c  Conductance 
(umhos/cm) i n  Groundwater o f  t he  Rapid C i t y  
Quadrangle . . . . . . . . . . . . . . . . . . .  

Probabi 1 i t y ,  Frequency, and Percent i  1 e P l o t s  
f o r  1 ,OOO*Uranium/Specific Conductance 
i n  Groundwater o f  t he  Rapid C i t y  
Quadrangle . . . . . . . . . . . . . . . . . . .  

Geochemical D i s t r i b u t i o n  o f  1,000-Urani um/ 
S p e c i f i c  Conductance i n  Groundwater 

. . . . . . . . . . .  of t he  Rapid Ci ty  Quadrangle 

Page 

A- 7 

A-8 

A-36 

Page 



LIST OF FIGURES, Continued 

No .. T i t l e  

A-4a P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e  P l o t s  
f o r  Boron (ppb) i n  Groundwater 
o f  t he  Rapid City Quadrangle . . . . . . . . . .  

Geochemical D i s t r i b u t i o n  o f  Boron (ppb) 
i n  Groundwater o f  t he  Rapid City Quadrangle . . 

Probabi l  i ty, Frequency, and P e r c e n t i l c  P l o t s  
f o r  Barium (pph) i n  Groundwat~r  
o f  t he  Rapid City Quadrangle . . . . . . . . . .  

Geochemical D i s t r i b u t i o n  o f  Barium (ppb) 
Gr.our~dwater o r  the Kdpid C i  Ly Quadr.drrgle . . 

P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e  P l o t s  
f o r  Calcium (pprn) i n  Groundwater 
o f  t h e  Rapid C i t y  Quadrangle . . . . . . . . . .  

Geochemical D i s t r i b u t i o n  o f  Calcium (pprn) 
i n  Groundwater o f  the  Rapid City Quadrangle . . 

Probabi 1 i t y  , Frequency, and Percent i  1 e P l o t s  
f o r  Potassium (pprn) i n  Groundwater 
of t h c  Rapid G i  t y  Quadrangl c . . . . . . . . . .  

Geochemical D i s t r i b u t i o n  o f  Potassium (pprn) 
i n  Groundwater o f  the  Rapid C i t y  Quadrangle . . 

P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e ' P l o t s  
f o r  L i t h i u m  (ppb) i n  Groundwater 
o f  t h e  Rapid C i t y  Quadrangle . . . . . . . . . .  

A-8b Geochemical D i s t r i b u t i o n  o f  L i t h i u m  (ppb) 
i n  Groundwater o f  the  Rapid City Quadrangle . . 

A-9a Probabi 1 i t y  , Frequency, and Percent i  1 e P l o t s  
f o r  Magnesium ( ppm) i n  Groundwater 

. . . . . . . . . .  o f  t he  Rapid C i t y  Quadrangle 

A-9b Geochemical D i s t r i b u t i o n  o f  Magnesium (ppm) 
i n  Groundwater o f  t he  Rapid C i t y  Quadrangle . . 

A-1 Oa Probabi l  i ty, Frequency, and P e r c e n t i l e  P l o t s  
f o r  Selenium (ppb) i n  Groundwater 
o f  t he  Rapid C i t y  Quadrangle . . . . . . . . . .  

A- lob Geochemical D i s t r i b u t i o n  o f  Selenium (ppb) 
i n  Groundwater o f  the  Rapid C i t y  Quadrangle . . 

Page 



A- 5 

LIST OF FIGURES, Continued 

No. T i t l e  Page 

A - l l a  P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e  P l o t s  
f o r  S t ron t ium (ppb) i n  Groundwater 
of t he  Rapid C i t y  Quadrangle . . . . . . . . . .  A- 30 

A-11 b Geochemical D i s t r i b u t i o n  o f  S t ron t ium (ppb) 
i n  Groundwater o f  t he  Rapid C i t y  Quadrangle . . A-31 

A-1 2a P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e  P l o t s  
f o r  S u l f a t e  (ppm) i n  Groundwater 
o f  t h e  Rapid C i t y  Quadrangle . . . . . . . . . .  A-32 

A-12b Geochemical D i s t r i b u t i o n  o f  S u l f a t e  (ppm) 
i n  Groundwater o f  t h e  Rapid C i t y  Quadrangle . . A- 33 

A-1 3a P r o b a b i l i t y ,  Frequency, and P e r c e n t i l e  P l o t s  
f o r  To ta l  A1 ka l  i n i t y  (pprn) i n  Groundwater 
o f  t h e  Rapid C i t y  Quadrangle . . . . . . . . . .  A- 34 

A-1 3b Geochemical D i s t r i b u t i o n  o f  To ta l  A1 ka l  i n i  t y  
(ppm) i n  Groundwater o f  t h e  Rapid C i t y  
Quadrangle . . . . . . . . . . . . . . . . . . .  A-35 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 

ascott
Blank Stamp



Table A-1 

STATISTICAL SUMMARY FOR GROUNDWATER OF THE RAPID CITY QUADRANGLE 

M L s A U e L € s ~ Z b P  
BELOW C O E F F I C I E N T  L N  W - j O N  

M E A S U R A B L E  3 E T E C T I  ON D E T E C T I O N  M I N I  MUM M A X I M U M  S T A N D A R D  OF ,--SQBYL 
E L E M E N T  V A L U E S  L I  M I T  L l  M I 1  V A L U E  V A L U E  MEAN M E D I A N  MODE D E V I A T I O N  V A R I A T I O N  MEAN S. 0. MEAN S o  0. 

U  
S P  

UYSP 
U/B 

uzso 
A  C  
A L  
A S  

8 
8 A  
B E  
C  A  
CO 
CR 
C U  
F E  

K  
L I 
MC 
MN 
no 
N A  
N  I 

P  
SC 
S E  
S  I 
SR 
T 1 

v 
Y 

Z N  
ZR 

1 - A K  
M-AK 
P- AK 

C  L 
N I / C  

P H  
SO4 

NOTE : Refer t o  Table Page and Table C-1 , Page C-4 f o r  concent ra t ion  uni.ts and symbol d e f i n i t i o n s .  



T a b l e  A -1  

CORRELATION MATRIX FOR GROUNDWATER 
OF THE RAPID C I T Y  QUADRANGLE 

L-U 

L-U 1.00 
( 371 J 

L-CA 
0-be*** 

L-CA 0.67*** 1.00 
( 371) ( 41 7) 

L-YG 
0.69*** 0.96*** 

L-YG 0. ? I * * *  0.95+** 
( 371)  ( 416)  

O.66*** 0-86*** 
L-SR 0.62*** O.90*** 

( 3 7 1 )  ( 4 1 7 )  
1.00 
4 417) 

L-K 
O.TZ*** 
O.72*** 1.00 
( 417)  ( 417) 

I - r n  

L - Y N  

1, - X N  

L-. SP 

LS04 

L-LI  

L-NA 

L-0 

L-YA 

L-SI 

.-- 
-0.11 -0.27*** -0.29*** -0.23*** -0.12e 

L-NO -0.09 -0-26*** -0.25*** -0.20*** -0.12c 
175) 199) ( 198) 4 199) ( 199) 

-O.37*** -O.68*** -0.69.e. -0.50*+* -0.32r** 
PH -0.32*** -0.63*** -0.61*** -0.51*** -0.34*** 

( 371) 417)  ( 416) ( 417)  ( 417)  

- -- 
1.00 
( 199) 

PH 
0.36*** 
O.32*** 1.00 
( 199) ( 417) 

L-SL 
0.18*** 0.02 0.02 0.16*** 0.13** -0.02 0.04 

L-SE 0.15*** 0.04 0.05 0.14+** O . l l * *  0.00 0.09* 
( 330)  ( 370)  ( 369) ( 370)  ( 370)  ( 180) 370) 

0-20***  -0.08 -0. ll** 0.100** 0.07 0.07 0.22*** 
LTAK O.18*** 0.03 0 -05 O.I8*** 0.10** 0.05 0112** 

( 371) ( 417) ( 416) ( 417) ( 417) ( 199) ( 417) 

1 .OO 
( 370) 

LTAK 
0.47*** 
0.51*** 1.00 
( 370) ( 417) 

o.ao**r -o.rs* -0.11 0.01 -0.02 o . I ~ *  0.11 o . a ~ * r *  0.42*** 
L-CL 0.32*** 0.05 0. 07 0.12, 0.02 0.12 0.11* 0.23*** 0.32*** 

( 196) ( 220)  ( 220) ( 220)  ( 220) ( 104) ( 220) ( 205) ( 220) 



NOTE: (1 ) Pearson correl ationlspearman correlation/ (sampl e size) . 
If either element has a concentration below the labora- 
tory detection limits, it is omitted from the pairwise 
computations. 

(2) Significance levels : *-lo%, **-5%, ***-I%. 

L-CL 

L-SP 

1.00 
417) 

LS04 
0. El***  
0.84*** 1.00 
( 400)  ( 4 0 0 )  

L -L I  
@.81*** O.80*** 
0.85*** 0.79*** 1.00 
( 414)  ( 398) ( 414) 

L-NA 
O.76*** 0.71 I** 0.92*** 
0.84*** 0.68*- 0 .85*r* .l.oO 
( 417) ( 400) ( 414) ( 417)  

L-8  
0.75*** 0.61 *** 0.83*** 0.86**C 
0.77*** 0056*** O.78*** 0.84**+ 1.00 
( 417)  ( 400)  ( 414) ( 417) ( 417) 

-0.46*** -0.59**4 -0.52**+ -0.54+** -0.45++* 
-0.52*** - o . s u *  

6 - S I  

-0.22*** -0.25kkk -O.l8**+ -0.26a.a 
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR URANIUM ( PPB) 
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Figure A - l b  

GEOCHEMICAL DISTRIBUTIOV OF URANIUM (PPB) I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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F i g u r e  A-2b 

GEOCHEMICAL DISTRIBUTION OF SPECIFIC CONDUCTANCE ( 1 1 ~ ~ ~ ~ / ~ ~ )  IN GROUNDWATER OF THE RAPID CITY QUADRANGLE 



F i g u r e  A-3a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR l ,OOO*URANIUM/SPECIFIC CONDUCTANCE 
I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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Figure A-3b  

GEOCHEMICAL DISTRIBUTION OF 1 ,000- URANIUM/SPECI F I C  CONDUCTANCE I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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F i g u r e  A-4a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR BORON (PPB) 
I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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Figure A-4b 

GEOCHEMICAL DISTRIBUTION OF BORON ( PPB) I N  GROUNDWATER OF THE RAP1 D C I T Y  QUADRANGLE 



Figure A-5a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR BARIUM (PPB) 
I N  GROUNDWATER OF THE RAP1 D C ITY QUADRANGLE 
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Figure A-5b 

GEOCHEMICAL DISTRIBUTION OF BARIUM ( PPB) I N  GROUNDWATER OF THE RAP1 D CITY QUADRANGLE 
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR CALCIUM (PPM) 
I N  GROUNDWATER OF THE RAP1 D C I T Y  QUADRANGLE 



nm m ? I l  

O . D s r .  1.0 
r 1.0 r I = 1.1 . 1.1 I. 2.1 . 2.1 S I ' S.6 
0 L e s  I. 12.0 
0 12.0 r I. %.B 

0 0 %.I.:. %..St. s.1 1.9 
@ a . c . t =  1a.r 
@ 1 . S  S l . 212.6 

2P.6 s r . DO.2 
DO.?. I. It.* 
969.8 s I . *W.S 
193.9. I . 1S5.q 

I *  rn.S 

m 
I 

m m . m m m  

m m m . I m a 1. U m 
") - 117 -IS CLOIRO 

Figure A-6b 

GEOCHEMICAL DISTRIBUTION OF CALCIUM (PPM) I N  GROUNDWATER OF THE RAP1 D CITY QUADRANGLE 



Figure A-7a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR POTASSIUM ( PPM) 
I N  GROUNDWATER OF THE RAPID CITY QUADRANGLE 
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GEOCHEMICAL DISTRIBUTION OF POTASSIUM (PPM) I N  GROUNDWATER OF THE RAPID CITY QUADRANGLE 



PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR L I T H I U M  (PPB) 
I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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Figure A-8b 

GEOCHEMICAL DISTRIBUTION OF L ITHIUM (PPB) I N  GROUNDWATER OF THE RAPID C ITY QUADRANGLE 
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR MAGNESIUM (PPM) 
I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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Figure A-9b 

GEOCHEMICAL DISTRIBUTION OF MAGNESIUM (PPM) I N  GROUNDWATER OF THE RAPID CITY QUADRANGLE 
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SELENIUM (PPB) 
I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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Figure A- lob  

GEOCHEMICAL DISTRIBUTION OF SELENIUM (PPB) IN GROUNDWATER OF THE RAPID CITY QUADRANGLE 
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Figure A-1 la 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR STRONTIUM (PPB) 
IN GROUNDWATER OF THE RAPID CITY QUADRANGLE 



Figure A - l l b  

GEOCHEMICAL DISTRIBUTION OF STRONTIUM (PPB) I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 



F i g u r e  A-12a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SULFATE (PPN) 
I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 



Figure A-12b 

GEOCHEMICAL D ISTRIBUTION OF SULFATE (PPM) I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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Figure A-13a 

Total Alkalinity(ppm) 
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR TOTAL ALKALINI'TY ( PPM) 
I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 
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Figure A-13b 

GEOCHEMICAL D ISTRIBUTION OF TOTAL ALKALINITY (PPM) I N  GROUNDWATER OF THE RAPID C I T Y  QUADRANGLE 



PARTIAL DATA L I S T I N G  'FOR GR3UNDWATER OF THE RAPID C I T Y  QUADRANGLE 

Ofi SAMPL 
MnaEH 
402600 
402602 
402605 
402606 
402609 
402612 
40261C 
40262 3 
402625 
402626 
402627 
402628 
402629 
40263 3 
402634 
402635 
402637 
402638 
402641 
40264 3 
402644 
402645 
402646 
402649 
402650 
402653 
402656 
402660 
402661 
402664 
402665 
402669 
402670 
402672 
4026 76 
402679 
402680 
402682 
402684 
402686 
4 02689 
402690 
402692 
402695 
402696 
402697 
402700 
402701 
402702 
402708 
402709 
4027 14 
402715 
4027 16 
4027 19 

.E Do 0 .  € 0  S A W P L E  NUMBER 
ST LAT L t N G  L TV RE 
46-44.090 -103.293 -3-01- 
46-44.120 -103.363 -3-03- 
46-44.053 -103.326 -3-03- 
46-44.051 -103.284 -3-03- 
46-44.095 -103.271 -3-03- 
46-44.025 -102.084 -3-03- 
46-44.041 -102.020 -3-03- 
46-44 069 - 102 16 1 -3-03- 
46-44.035 -1 02.222 -3-03- 
46-44.078 -102.222 -3-03- 
46-44.1 13 -302.233 -3-03- 
46-44.107 -102.15E -3-03- 
46-44.091 -105.04P -3-03- 
46-44.070 -102.069 -3-03- 
46-44.185 -102.227 -3--03- 
46-44.254 -102,206 -3-03- 
46-44.241 -102.170 -3-03- 
46-44.24a -102~167 -3-03- 
46-44.184 -102.030 -3-03- 
46-44.243 -102.093 -3-03- 
46-44.164 - 102.11 0 -3-03- 
46-44.147 -102~172 -3-03- 
46-44.091 -102.113 -3-03- 
46-44.054 -103.402 -3-01- 
46-44.084 -103.430 -3-03- 
46-44.144 -101.455 -3-03- 
46-44.030 -103.473 -3-01- 
46-44.873 -102.904 -3-03- 
461-44.877 -102.953 -3-03- 
46-44.951 -102.839 -3-03- 
46-44.976 -102-959 -3-03- 
46-44.9 13 - 102 990 -3-03- 
46-44.895 -1 02 .I64 -3-03- 
46-44.927 -102.768 -3-03- 
46-44 -862 -102.838 -3-03- 
46-44.867 -102.820 -3-03- 
46-44.888 -102.E47 -3-03- 
46-44.141 -103.317 -3-03- 
46-44.141 -103.269 -3-03- 
46-440177 -103.352 -3-03- 
46-44.233 -103.387 -3-03- 
46-44.232 -103.322 -3-03- 
46-44.235 -1 03 027 1 -3-03- 
46-44.196 -103.293 -3-03- 
46-440192 -103.334 -3-03- 
46-44.092 -101.3€9 -3-03- 
46-44.015 -103.164 -3-01- 
4ib44.002 -102.254 -3-03- 
46-44.010 -103.314 -3-81- 
46-44.788 -102.777 -3-03- 
46-44.766 -102.835 -3-03- 
46-44-968 -1 03.147 -3-03- 
46-44.982 -1 03.130 -3-03- 
46-44.966 -103.110 -3-03- 
46-44 0963 -1 03.05 1 -3-03- 



T a b l e  A-3, Cont inued 

PARTIAL DATA LISTING FOR GROUNDWATER OF THE RAPID CITY QUADRANGLE 

OR SAMPL 
NUMBER 

402720 
402741 
402749 
402752 
402754 
402756 
402757 
40275R 
402759 
402761 
402762 
402763 
402768 
402769 
402772 
402774 
402775 
402779 
40278 1 
402782 
402783 
402785 
4027J7 
402794 
402797 
402793 
402807 
402816 
402810 
402827 
402840 
402841 
402843 
402844 
402845 
402846 
402847 
402849 
402852 
402853 
402851 
402863 
402902 
452905 
40293 5 
4J293B 
402909 
402919 . 
4029 11 
402912 
402915 
4029 19 
402922 
402923 
402925 

.E 0. 0 .  C .  SAMPLE NUMBER 
ST L A T  LONG L T Y  REP 
46-44.904 -1 03.012 -3-03- 
-46-44.462 - 1 0 3 . 4 6 t  -3-01- 
46-44 - 4 6 6  -103 .370  -3-03- 
46-44.472 -103 .221  -3-03- 
46-44.476 -103 .260  -3-03- 
46-44.422 - 1  03.368 -3-03-,  
46-44.422 -103 .223  -3-03- 
46-44 - 4 2  5 - 103 285 -3-03- 
46-44.384 - 1 0 3 . 2 8 t  -3-03- 
46-44.389 -103.435 -3-03- 
46-44.423 -103 .442  -3-03- 
46-44.290 -103 .483  -3-01- 
46-44.257 -1  03.279 -3-03- 
46-44.279 -103.269 -3-03- 
46-44.345 -103.433 -3-03- 
46-44.345 - 1 C3.40 1 -3-03- 
46-44.317 -103.365 -3-03- 
46-44.307 -103.293 -3-03- 
46-44.303 -103.400 -3-03- 
46-44.255 -103.192 -3-03- 
46-44.290 -103 .  i 4 e  -3-03- 
46-44.327 - 1  03.109 -3-03- 
46-44.360 - 1  03.100 -3-03- 
46-44.470 -103 .131  -3-03- 
46-44.052 -1  03 .799  -3-0 1- 
46-44.077 -I 03.eoe -3-02- 
46-44.880 -103.723 -3-03- 
46-44.643 -103 .567  -3-03- 
46-44.651 -103.853 -3-03- 
46-44.786 -103 .572  -3-03- 
46-44.466 -103 .788  -3-03- 
46-44.457 -103 .828  -3-02- 
46-44.400 - 1  03.eoe -3-03- 
46-44.339 -103 .794  -3-03- 
46-44.342 - 1  03.83E -3-03- 
46-44.281 -103 .855  -3-03- 
46-44.302 -103.783 -3-03- 
46-44.298 -103.e67 -3-03- 
46-44.133 - 1  03.756 -3-03- 
46-44.156 -103.83e -3-03- 
46-64.474 - 1  03.es7 -3-03- 
46-44.341 - 1  03 - 9 1  7 -3-03- 
46-44.049 -102 .542  -3-03- 
46-44.595 -102.536 -3-03- 
46-44.043 - 1 0 2 . t 2 2  -3-03- 
46-44.104 - 1  0 2 . t 2 9  -3-03- 
46-44.133 - 1 0 2 . f 2 9  -3-03- 
46-44.096 -102.746 -3-03- 
46-44.095 -102.C79 -3-03- 
46-44.055 - 1  02.C80 -3-03- 
46-44.054 - 1 0 2 . ~ 7 e  -3-03- 
46-44.154 -102 .721  -3-03- 
46-44.135 - 1  0 2 . t 1 7  -3-03- 
46-44.125 - 1  02.578 -3-03- 
46-44.186 -102 .536  -3-03- 

L I 
c PPBJ 

394 
116 
5 7 
36 

177 
6 3  
5 4  

1 0 3  
8 2  
3 4 
17  

4 
154 

A 3 
.22  
5 1 
7 4  
9 5  

5 
3 3 

2 8 9  
3 2  1 
1 5 7  
105 

2 
1 8 

2 0 0  
1 5 0  
I 8 0  

5 8 
10  

5 
9 
5 
3 

< 2 
5 
5 
4 
3 
3 
4 

8 0  
170  
9 5 

106 
118  
415  

5 7  
109  
1 1 8  
6 9 3  

7 3 
22 1 
10 3 



T a b l e  A-3, Con t inued  

PARTIAL DATA LISTING FOR GROUNDWATER OF THE RAPID CIT'f QUADRANGLE 

.E 0. 0 .  E.  S&WPLE NUMBER 
ST L A T  L C N G  L T I  RZP 
46-44.236 -102.733 -3-03- 
46-44.082 -1  02.766 -3-03- 
46-44.535 -102.E3E -3-03- 
46-44.555 -1 02 -548 -3-03- 
46-44.547 -1oz.5e1 -3-03- 
46-44.561 -102 . t68  -3-03- 
46-44.527 -102.597 -3-03- 
46-44.607 -102 ~ ' 5 9  -3-03- 
46-44.695 - 102.553 -3-03- 
46-44:720 -102.c4e -3-03- 
46-44.663 -102.536 -3-03- 
46-44.622 -102 . t43  -3-03- 
46-44.704 -102.C53 -3-03- 
46-44.733 -1OEet53 -3-03- 
46-44.730 -102.5e5 -3-03- 
46-44.716 -102 . t46  -3-03- 
46-44.739 -1  02 . t93  -3-03- 
46-44.695 -1  02 . t91  -3-03- 
46-44 e653 -102.734 -3-03- 
46-44.620 -102.74e -3-03- 
46-44.644 -102. t63  -3-03- 
46-44 -138  -102.938 -3-03- 
46-44.178 -102.529 -3-03- 
46-44.103 -1  02.893 -3-03- 
46-44.1 13 -102.522 -3-03- 
46-44.187 -102.795 -3-03- 
46-44.093 -102.816 -3-03'- 
46-44.133 -102.e66 -3-03- 
46-44.238 -102.f82 -3-03- 
46-44.093 -102.554 -3-03- 
46-44.183 -1 02.888 -3-03- 
46-44.081 -102.E70 -3-03- 
46-44-22 1 -1  02.830 -3-03- 
46-44.037 -102.e72 -3-03- 
46-44.053 -102.946 -3-03- 
46-44.037 -1  02 .e30 -3-03- 
46-44.087 -103.564 -3-03- 
46-44.142 -103.575 -3-03- 
46-44.103 - 103.737 -3-03- 
46-44.124 -103.719 -3-03- 
46-44. I F 6  -103.533 -3-03- 
46-44.004 -103.709 -3-03- 
46-44.003 -103.C44 -3-03- 
46-44.100 -103.513 -3-03- 
46-44.181 -103 . t05  -3-03- 
46-44.193 -103mC33 -3-03- 
46-44.227 -103.676 -3-03- 
46-44.230 -103.E71 -3-03- 
46-44.002 -103.  504 -3-03- 
46-44.082 -103 . t45  -3-03- 
46-44.062 -103.C55 -3-03- 
4 6 4 4 . 4 6 7  -1  03.5 12 -3-03- 
46-44.466 -103.577 -3-03- 
46-44.466 -103.C4E -3-03- 
46-44.467 - 103.72 1 -3-03- 

u 
(PPBI 1 
13.84 
5.02 

17.07 
6.94 

.? 7.60 
I 1  - 7 5  
6.20 

1 . 7 1  
0.41 
0.27 
2.55 

i7 .63  
1.38 

CO. 20 
0.65 
0.49 
5.75 
5.34 

36.50 
0.71 

18.29 
23 -74  
10.13 

2.43 
8.05 
3.01 

24.51 
21.38 
21.59 
89.13 
50.80 
E 7 . 4 0 .  

5.20 
22.12 
23.86 
tP6 83 
6 - 7 0  
3.87 
0.54 
0.44 
0.44 
0.84 
1.06 
1.24 
D.31 
3.47 
0.51 
3.46 
3.58 

13.39 
13.13 
1.3.03 
1>.76 
6.59 
1.15 

C A 
( PPM I 

411.4 
152.2 
75.8 
61.1 
81.3 
73.3 
56.1 
59.9 

1.7 
3.4 

48.6 
90.1 
62 .3  
14.2 

1.3 
72.3 

3.6 
2.6 

214.5 
47; 6 
39.7 

l i l6 .2  
35.3 
32.3 

151.6 
113.2 
45.4 
24.2 
38.7 
98.7 
77.7 
60 .1  
72.1 
35.3 
24.2 

150.8 
32.3 
32.4 
44.2 
65.8 
41.4 
51.4 
52.5 
73.3 
24.6 
19.1 
14.9 
9.2 

24.9 
48.8 
48 .2  

459.8 
465.3 

36.6 
45.6 



Table  A -3 ,  Continued 

PARTIAL DATA L I S T I N G  FOR GROUNDWATER OF THE R A P I D  CITY QUADRANGLE 

O R  SAMPL 
NUMBER 

4 03059 
403060 
403065 
403068 
LO3069 
L'03071 
403072 
403073 
603074 
403075 
403076 
403202 
403204 
403205 
403206 
403208 
b03211 
4032 14 
4032 15 
4032 17 
4032 19 
a03219 
a03220 
403221 
403224 
403226 
403227 
403223 
403229 
403232 
40323.5 
403234 
403235 
403240 
40324 1 
403243 
403245 
403250 
403257 
403260 
403262 
403265 
403267 
403271 
403272 
403274 
403275 
403276 
403278 
403281 
403282 
403283 
403288 
403291 
40330 1 

.E 0.  0 .  E. S A Y F L E  NUMBER 
S T  L I T  LONG L T V  REP 
46-44.444 -103.717 -3-03- 
46-44.415 - 1  03.709 -3-03- 
46-44.422 -103.569 -3-03- 
46-44.386 -103.590 -3-03- 
46-44.379 -103.504 -3-03- 
46-44.325 -1 03.710 -3-03- 
46-44.329 -103.C45 -3-03- 
46-44.274 -103.707 -3-03- 
46-44.280 -103.C36 -3-03- 
46-44.271 -103.574 -3-03- 
46-44.272 -103.530 -3-03- 
46-44.093 -102.446 -3-03- 
46-44.030 -102.382 -3-03- 
46-44.141 -102.472 -3-03- 
46-44.191 -102.486 -3-03- 
46-44.219 -102.491 -3-03- 
46-44.128 -102.446 -3-01- 
46-44.093 -102.295 -3-03- 
46-44.017 -102.471 -3-:3- 
46-44.096 -102.242 -3-01- 
46-44.007 -102.279 -3-03- 
46-44.025 -102.297 -3-03- 
46-44.140 -102.315 -3-03- 
46-44.164 -102.35e -3-03- 
46-44.188 -102.266 -3-03- 
46-44.233 -1  02.420 -3-03- 
46-44.229 -102.3e5-3-01-  
46-44.053 -103.127 -3-03- 
46-44.010.-103.132 -3-03- 
46-44.031 -103.250 -3-03- 
46-44.104 -103.149 -3-03- 
46-44.114 -103.066 -3-02- 
46-44.109 -103.030 -3-03- 
46-44.126 -103.190 -3-03- 
46-44.054 -1 03.000 -3-03- 
46-44.008 -1  03.001 -3-03- 
46-44.006 -1 03.049 -3-03- 
46-44.503 -102.75.5 -3-03- 
46-44.622 -102.765 -3-03- 
46-44.645 - 1  C2.807 -3-03- 
46-44-66 1 -1 02.e37 -3-03- 
46-44.699 -102.795 -3-03- 
46-44-74? -102.797 -3-03- 
46-44.144 -103.027 -3-03- 
46-44.187 -103.02e -3-03- 
46-44.238 -1  03.001 -3-03- 
46-44.218 -103.066 -3-03- 
46-44.239 -103.131 -3-03- 
46-44.217 -103.182 -3-01- 
46-44.109 -103.189 -3-03- 
46-44.178 -102. lE6 -3-03- 
46-44.556 -1  03.206 -3-03- 
46-44.517 -103.195 -3-03- 
46-44.512 -103.132 -3-03- 
46-44.551 -103.4oe -3-03- 

B 
c ?>a) 

1 9  
2 7 
28 
2 3 

171 
22 
29  
2 7 
2 (3 

2 4 
2 7 

11 7 
750 
292 
130 
41 5 
104 

1305 
550 
338 

1224 
1737 

50 7 
552 
65 1 
242 
121 

1739 
58 9 

40 
35 

1329 
I 1 5 9  

50 
20 1 
184 
610 
29 1 
59 4 

30 4 
31 9 

6 2  
b 9 

22 2 
21 5 
32 1 
559 

7 9 
i l l  
a24 

69 
774 
39 8 
24 6 
51 u 



Table A-3, Continued 

PARTIAL  CATA L I S T I N G  =9R GROJNDWATER OF THE R A P I D  CITY QUADRANGLE 

OR SAMPL 
NUMBEfi 

403304 
403305 
453356 
403307 
403313 
40331 1 
403313 
4033 15  
4033 16 
4033 17 
403319 
403325 
403322 
403323 
403328 
403329 
403331 
403332 
403334 
403336 
403338 
403340 
403341 
403342 
403344 
403350 
403354 
403356 
403357 
403358 
403361 
403500 
403505 
403506 
403509 
403510 
403513 
40351 7 
403519 
403523 
403526 
403527 
403530 
403531 
403532 
403533 
403537 
403538 
403540 
403541 
903543 
403544 
403545 
403546 
403547 

.E 0. 0. F. SAIVFLE NUMOER 
S T  L I T  L O h G  L T Y A E P  
46-44.505 -103.466 -3-03- 
46-44.614 -103.44E -3-03- 
46-44.604 -103.192 -3-03- 
46-44.6 15 -103.265 -3-01- 
46-44.620 -103.325 -3-03- 
46-44.545 -103.455 -3-01- 
46-44.555 - 1  03.348 -3-03- 
46-44.519 -103.308 -3-03- 
45-44.515 -103.257 -3-03- 
46-44.702 -103.466 -3-03- 
45-44.632 -103.446 -3-03- 
46-44.644 -102.406 -3-03- 
46-44.506 -103.612 -3-03- 
46-44.516 -103.720 -3-03- 
46-44.558 -103.727 -3-03- 
46-44.648 -103.710 -3-03- 
46-44.660 -103 . t52  -3-03- 
46-44.686 -103.727 -3-03- 
46-44.703 -103.E52 -3-03- 
46-44.661 -103.575 -3-03- 
46-44.520 -1 03.605 -3-03- 
46-44.518 -103.522 -3-03- 
46-44.558 -103.56E -3-03- 
46-44.565 -103.E34 -3-03- 
46-44.596 -103.517 - 3 - 0 3  
46-44.061 -103.855 -3-01- 
46-44.076 -103.905 -3-01- 
46-44.015 -103.SE1 -3-01- 
46-44.029 -103.951 -3-01- 
40-44.022 -103.782 -3-03- 
46-44.114 -103.550 -3-01- 
46-44.383 -102.065 -3-03- 
46-44.401 -102.115 -3-03- 
46-44.477 -102.042 -3-01- 
46-44.302 -102.04e -3-03- 
46-44.341 -102.059 -3-03- 
46-44.324 -1  02.127 -3-03- 
46-44.290 -102.17E -3-03- 
46-44.336 -102.176 -3-03- 
46-44 -438  - 102.245 -3-01- 
46-44.287 -102.22e -3-03- 
46-440359 -102.121 -3-03- 
46-44.309 -102.025 -3-03- 
46-44.308 -102.026 -3-03- 
46-44.367 -1 02-19 1 '-3-03- 
46-44.416 -102.050 -3-03- 
46-44.437 -102.187 -3-01- 
46-44.458 -102.232 -3-01- 
46-44.484 -1  02.160 -3-03- 
46-44.564 -102.474 -3-03- 
46-44.533 -102.478 -3-03- 
46-44.540 -102.346 -3-03- . 
46-44.536 -102.39 1 -3-03- 
46-44.570 -102.394 -3-03- 
46-44.579 -102.286 -3-03- 

u 
(PPB) 
13.08 
(0.20 
21.12 
23.23 
38.32 

2.73 
(0. 20 
71  - 3 1  

0.25 
36.11 
'33.93 
<o. 20 
<0.20 

7.83 
3.47 

10.77 
8 1.87 
(0.20 
:0.20 
(0. 20 
28-72 
27.97 
CO .20 
.:o. 20 
35.87 

1 e07 
0 .88 
0.98 
1 .Oh 
0.48 
0.74 

i 0 . 2 0  
<0.20 

1 e79 
6.52 
4.53 

e0.20 
19.40 
c0.20 

3.42 
C O  .20 

3.64 
6.65 

co. 20 
1.4.48 
c.0.20 
3 . t 3  
5 - 0 2  
7.26 
1 .74  
6.24 
7.56 
0.37 
5.43 
4.27 

K 
( P P M )  

6.5 
0.9 

Z2.3 
4.2 

14.5 
.5.0 
2.7 
.3.2 
0.7 
6.8 
7.5 
8.9 
2.5 

L1.0 
4.0 
4.1 
7.4 
2.1 

13.9 
5.9 

13.4 
3.4 
6.6 
2.0 

33.5 
8.8 
8.6 
e.4 
8.4 
2.9 
D. 7 
2.8 
109 
I m6 
5. 8 
3.0 
1.9 
c. 0 
.I. 1 
2 .1  
3.6 

75.4 
1a.5 
4.2 
(LO 
L 3  
a 4  
2 1  
6.7 
T. 5 
Tm 9 
0.6 
P.4 
2.2 
4.4 



Table A-3, Continued 

PARTIAL DATA LISTING FOR GROUNDWATER OF THE RAPID CITY QUADRANGLE 

OR S A l P L  
NUMBER 
403549 
403553 
403554 
403555 
403556 
403563 
403564 
403565 
403567 
403568 
403573 
403575 
403576 
403577 
403578 
403582 
403583 
403584 
403589 
403590 
403591 
403592 
403594 
403595 
403596 
403597 
433600 
403602 
403604 
403605 
403606 
4036 10 
403611 
403612 
403614 
403615 
403617 
403621 
403623 
403625 
403627 
403628 
40'629 
403630 
405632 
403634 
403637 
403639 
403640 
40364 1 
403645 
403646 
403647 
403650 
40365 3 

.E 0. 0.  E. SAYPLE NUMBER 
ST L A 1  LCtuC L T Y  REP 
46-44.577 -102.138 -3-03- 
46-44.574 - I02.f 2 1 -3-03- 
46-44.531 -102.208 -3-03- 
46-44.579 -102.057 -3-03- 
46-44.560 -102.083 -3-03- 
46-44.526 -102 eO3 1 -3-03- 
46-44.515 -102.099 -3-03- 
46-44.593 -102 e459 -3-03- 
46-44.653 -102.465 -3-03- 
46-44.605 -102.345 -3-03- 
46-44.611 -102.421 -3-03- 
46-44 0669 - 1 02.39 1 -3-03- 
46-44.658 -102.361 -3-03- 
46-44.662 -102.157 -3-43- 
46-44.662 -102.27C -3--03- 
46-44.496 -102.386 -3-03- 
46-44.654 -1 02.23 1 -3-03- 
46-44.453 -102.349 -3-03- 
46-44.449 -102.404 -3-03- 
46-44.471 -102.286 -3-03- 
46-44.600 -1oz.ze7 -3-03- 
46-44.704 -102.326 -3-03- 
46-44.753 -102.370 -3-03- 
46-44.711 -102.403 -3-03- 
46-44.622 -105.225 -3-03- 
46-44.700 -102.193 -3-03- 
46-44.707 -1  02.103 -3-03- 
46-44.607 -102.154 -3-03- 
46-44.629 -1 02.14E -3-03- 
46-44.676 -102.109 -3-03- 
46-44.610 -102.088 -3-03- 
46-44.687 -102.484 -3-03- 
46-44.742 -102.484 -3-03- 
46-44.788 -102.492 -3-03- 
46-44.799 -102.C44 -3-03- 
46-44.802 -102.t45 -3-03- 
46-44.799 -102.557 -3-23- 
46-44.833 -102.t24 -3-03- 
46-44.847 -102.652 -3-03- 
46-44.892 -102.CSO -3-03- 
46-44.534 -1 02.€7€ -3-03- 
46-44.059 -1 02.686 -3-03- 
46-44.843 -102.490 -3-03- 
46-44.897 -102.540 -3-03- 
46-44.890 -1OZ.tlC -3-03- 
46-44.934 -102.sez -3-03- 
46-44.965 -1 02.585 -3-03- 
46-44.782 -102.425 -3-03- 
46-44.866 -102.469 -3-03- 
46-44.930 -102.527 -3-03- 
46-44.532 -102.403 -3-03- 
46-44.937 -102.476 -3-03- 
46-44.970 -102.98 1 -3-03- 
46-44.823 -102.439 -3-03- 
46-44.81 3 -102.342 -3-03- 

K 
(PPM) 
8.9 
2.1 
4.3 

31.1 
1.6 
1.3 
1.5 

19.8 
18.1 
6.5 
1.3 
8.5 
3.6 
6.8 
3.8 
13.9 
7.7 
1.5 
1.9 

14.4 
7.2 
ti. 4 
4.9 
3.6 
2.5 
4.6 
IS. 1 
12.8 
5.9 
5.1 
7.4 
7.3 
8.4 
6.6 
7.6 
10.7 
9.7 
6.0 
7.4 
4.7 
4.3 
3.0 
6.8 
7.4 
4.0 
4.3 
3.5 
6.9 
18.2 
5.4 
1.2 
1.9 
2.3 
8.5 
4.4 

SR 
( PPB) 
5902 
544 
3108 
7482 
271 
225 
272 

2356 
2322 
eso 
66 

1947 
683 
1103 
907 
8484 
3880 

6 3 
5 3 

7565 
I161 
1387 
1902 
524 
434 
1559 
8758 
6732 
3993 
1013 

. 5429 
1128 
1834 
3599 
2117 
7626 
10473 
3 3l?9 
2312 
774 
14e2 
553 

' 1217 
I501 
320 
1453 
329 

3616 
W739 
997 
3 6 
6 1 
t 4 

1324 
920 

783 i 
749 

3472 
3476 
2442 
1164 
3062 
'161 
1314 
2 LOO 
1163 
2340 
7365 
291 8 
1191 
54 8 
269 
370 
237 
239 
498 
21 9 
664 

3500 
3528 
57 
166 
223 
179 
467 

1760 
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PARTIAL DATA LISTING FOR GROUNDWATER OF THE RAPID CIT'f QUADRANGLE 



Table A-3, Continued 

OR SAMPL 
NUMBER 

403774 
403779 
403781 
403782 
403783 
403786 
403787 
403789 
403790 
403791 
403792 
403793 
403795 
403756 
403797 
402798 
403800 
4 0 ? 8 0 2  
403803 
403805 
403809 
403811 
403822 
402823 
403824 
403831 
403845 
4 0 3 8 4 6  
403851 
403863 
403869 
403883 

PARTIAL DATA LISTING FOR GROUNDWATER OF THE RAPID CITY QUADRANGLE 

.E 0. 0 .  E. SAUFLE NUMBER 
ST L A 1  LCNG L T I  REP 
46-44.274 -1  02.547 -3-03- 
46-44.299 -102 . t98  -3-03- 
46-44 .265  -102.C45 -3-03- 
46-44.313 -102.52e -3-03- 
46-44.432 -102.554 -3-03- 
46-44.426 - 1 0 2 . t 2 2  -3-03- 
4 6 - 4 4 - 4 2 ?  -102 . t24  -3-03- 
46-44.422 -102.C8 1 -3-03- 
46-44.443 -102.C71 -3-02- 
46-44.445 - 1  02.676 -3-03- 
46-44.445 -102 .721  -3-03- 
46-44a.450 -102.5C3 -3-03- 
46-44.362 -102.CSl -3-03- 
46-44 .363  - 1 0 2  .C96 -3-03- 
46-44.373 -102.C9 1 -3-03- 
46-44 .415  -102 .721  -3-01- 
4 6 - 4 4 - 3 5 ?  -102.999 -3-03- 
46-44 .387  -102 .965  -3-03- 
46-44m.432 -102 .919  -3-03- 
46-44.411 -1oz .ee1  -3-03- 
46-44 - 3 6 8  -102.924 -3-03- 
46-44.356 - 1  02.900 -3-03- 
46-44 .373  -102.E64 -3-03- 
46-44.473 - 1  02 .519  -3-03- 
4 6 - 4 4 . 3 7 2  -103 .030  -3-03- 
46-444.423 -103 .189  -3-03- 
46-44.804 -103.e73 -3-03- 
4 6 - 4 4 ~ 8 0 9  -103.845 -3-03- 
46-44 .868  - 1 0 3 . e 9 t  -3-03- 
46-44.900 -103 .eOl  -3-03- 
46-44.917 -103.E5e -3-03- 
46-44.990 -103.533 -3-03- 
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Table 6-1 

STATISTICAL.SUMMARY FOR STREAM SEDIMENT OF THE R A P I D  CITY QUADRANGLE 

C O E F F  l C 1 ENT - - ~ N - ~ ~ ~ & I 1 P P ? , -  
M E A S U R A B L E  D E T E C T 1  ON O E T E C f l O N  M I N I N U N  M A X I M U M  S T A N D A A D  OF , - - B Q & S L A  

E L E M E N T  V A L U E S  L I M I T  L I M I T  d A L U E  V A L U E  M E A N  M E D I A N  *ODE D E V I A T I O N V A R I A T I O N  M E A N  5. 0. MEAN 5. D. 

I)-FL 
U-NT 

T H 
U / T U  

. rn/u 
A C  
A L  
A S  
8 

B A  
B E  
C A 
C E  
CO 
CR 
C U  
FE 

K 
L 1 
M c 
MM 
no 
N A  
NB 
N I  

P 
SC 
S E  
S R  
T I  

v 
I 

Z N 
Z R  

NOTE : Refer ' l ab ie  Page 24 and Table C-1, Page C-4 f o r  concent ra t ion  u n i t s  and.  symbol d e f i n i t i o n s .  
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NOTE: (.I) Pearson correl ation/Spearman .correlation/ (sampl e size). 
If either element has a concentration below the labora- 
tory detection limits, it is omitted from the pairwise 
computations. 

(2) Significance levels: *-lo%, **-5%, ***-I%. 
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F i g u r e  B - l a  

PROBABIL ITY ,  FREQUENCY, AND PERCENTILE PLOTS FOR SOLUBLE URANIUM (PPM) 
I N  STREAM SEDIMENT OF THE RAPID  C I T Y  QUADRANGLE 



Figure B-1 b 

GEOCHEMICAL DISTRIBUTION OF SOLUBLE URANIUM (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 
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Figure B-2a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR URANIUM 
BY NEUTRON ACTIVATION (PPM) IN STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 
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Figure B-2b 

GEOCHEMICAL DISTRIBUTION OF URANIUM BY NEUTRON ACTIVATION (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 
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Figure B-3a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR URANIUM FLUOROMETRIC/ 
URANIUM NEUTRON ACTIVATION I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 



Figure 6-3b 

GEOCHEMICAL DISTEIBUTION OF URANIUM FLUOROMETRIC/URANIUM NEUTRON ACTIVATION 
I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR THORIUM (PPM) 
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Figure B-4b 

GEOCHEMICAL DISTRIBUTION OF TI-fORIUM (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 



Figure B-5a 

PROBABILITY , FREQUENCY, AND PERCENTILE PLOTS FOR ARSENIC ( PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



F i g u r e  6-5b 

GEOCHEMICAL DISTRIBUTION OF ARSENIC (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 
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F i g u r e  6-6a 

IJROBABlLITY , FREQUENCY, AND PERCENTILE PLOTS FOR COBALT ( PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 
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Figure B-6b 

GEOCHEMICAL D ISTRIBUTION OF COBALT (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 
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Figure B-7a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR CHROMIUM (PPM) 
I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 



F i g u r e  B-7b 

GEOCHEMICAL DISTRIBUTION OF CHROMIUM (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 



PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR COPPER (PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



F i g u r e  B-8b 

GEOCHEMICAL DISTRIBUTION OF COPPER (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 



F i g u r e  B-9a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR IRON (%) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



Figure 6-9b 

GEOCHEMICAL DISTRIBUTION OF IRON (%) IN STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



Figure B-1Qa 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR NICKEL (PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



Figure B - l o b  

GEOCHEMICAL D ISTRIBUTION OF NICKEL (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 
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Figure B-l la  

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR SCANDIUM (PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



F i g u r e  9-11 b 

GEOCHEMICAL DISTRIBUTION OF SCANDIUM (PPM) I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



1 . . ..: .... . . ......, . . . -  
I 10 100 

Vanadium (ppm) 

F i g u r e  B-12a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR VANADIUM (PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



F i g u r e  B-12b 

GEOCHEMICAL DISTRIBUTION OF VANADIUM (PPM) I N  STREAM SEDIMENT OF THE RAPID C ITY QUADRANGLE 
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PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR YTTRIUM (PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 
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Figure 8-1 3b 

GEOCHEMICAL DISTRIBUTION OF YTTRIUM (PPM) I N  STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 



Figure B-14a 

PROBABILITY, FREQUENCY, AND PERCENTILE PLOTS FOR ZINC (PPM) 
I N  STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 



Figure B-14b 

GEOCHEMICAL DISTRIBUTION OF ZINC (PPM) IN STREAM SEDIMENT OF THE WPID CITY QUADRANGLE 



PARTIAL DATA LISTZNG FCR STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 

OR S A W L  
NUMBER 

402601 
402603 
402604 
402606 
402607 
402610 
402613 
402617 
402638 
402619 
402620 
402621 
402622 
402624 
402631 
402632 
402636 
40 2639 
402640 
402642 
402647 
402648 
402651 
402652 
402655 
402657 
402658 
402663 
402666 
402668 
402671 
402673 
402674 
402675 
402681 
402683 
402685 
402687 
402688 
402694 
402698 
402699 
402703 
402704 
402705 
402706 
402707 
402710 
402711 
402712 
402713 
402717 
402718 
YO2721 
402723 

.E 0. &b €9 SAMPLE NUMBER 
ST L A 7  LONG L TY REP 
46-44.088 -103.31S -3-15- 
46-440066 -103.322 -3-15- 
a6-44.047 -103.317 -3-15- 
*6-44.044 -103.305 -3-15- 
M-44. 052 -103.271 -3-15- 
46-440092 -103.259 -3-12- 
46-44.Q29 -102.078 -3-15- 
@6-44.043 -102.014 -3-15- 
66-44. 026 -1 02 030 -3-1 2- 
66-440047 -102.097 -3-15- 
46-44.045 -1 02.089 -3-1 5- 
46-44.029 -102.110 -3-15- 
46-44.029 -102.132 -3-15- 
66-440054 -102.209 -3-15- 
46-440126 -102.030 -3-12- 
46-44.132 -102. 030 -3-15- 
h6-44.234 -102.151 -3-15- 
46-44.179 -102.140 -3-12- 
46-44.181 -102.097 -3-15- 
46-44.187 -102.035 -3-15- 
46-44.000 -102.163 -3-15- 
66-44.046 -103.344 -3-15- 
46-44.122 -103.431 -3-15- 
46-44.135 -103.41 1 ,-3-15- 
46-44.158 -103.462 -3-15- 
46-44.929 -102.996 -3-12- 
4644.912 -102.%5 -3-15- 
46-44.952 -102.841 -3- 12- 
a6-44.980 -102.918 -3-15- 
46-44.955 -102.964 -3-15- 
*6-44.879 -102.775 -3-15- 
46-44.936 -102.778 -3-12- 
46-44.926 -102.763 -3-$5- 
46-44.856 -to20 842 -3-15- 
46-44.889 -102.850 -3-15- 
66-44.144 -103.310 -3- 15- 
46-44.170 -103. 333 -3-15- 
46-44.202 -103.380 -3-15- 
46-44.250 -103.416 -3- 15- 
46-44.225 -103.272 -3-15- 
46-44.126 - 103.362 -3- 15- 
46-44.092 -103.463 -3-15- 
46-44.761 -f03.040 -3-12- 
46-44.826 -103.071 -3-12- 
46-44.85 9 -8 03.008 -3-1 2- 
46-44.863 -102.782 -3-1 5- 
46-44. e59 -102.167 -3-15- 
46-44.835 -1 02.886 -3-$5- 
46-44.917 -103.147 -3-12- 
46-44.91 3 -103 182 -3-82- 
46-44.943 -103-155 -3-15- 
46-44.950 -103.101 -3-15- 
46-44.954 -103.095 -3-12- 
46-44.914 -CO3. 010 -3-15- 
46-44.930 -803. 006 -3-1 5- 

J-NT 
1PPY) 

2.10 
1.60 
1.30 
1 50 
2.00 
2.30 
2.80 
2.60 
2.10 
2.70 
2.90 
2.90 
2.80 
2.80 
3.00 
2.80 
3.30 
2.dO 
2.60 
3.90 
2.90 
2.70 
3.00 
2.00 
3.00 
2.40 
2.60 
3.40 
2.70 
3.20 
2.70 
2.50 
3.00 
4.17 
2.90 
2.31 
2.61 
1.65 
2.14 
5.20 
2.34 
3.47 
4.39 
5.52 
@.DO 
2.50 
3-90 
3.20 

WTU TU C 0 CU 
(PPHJ (PPMJ IPPMJ 

3 4 9 
2 < 4 5 
6 4 8 
3 <4 9 
3 6 14 
b 8 14 
6 7 1 8 
5 6 10 
6 9 16 

10 8 16 
7 9 19 
6 7 14 
9 1 16 

I 1  8 13 
6 7 16 
7 8 15 
9 12 16 
6 7 14 
5 8 15 
7 1 0  18 
9 7 16 
9 10 20 
7 13 39  
9 6 11 

10 1 0  1 8 
3 5 8 
4 8 14 
7 10 17 
5 6 11 
3 5 7 
5 8 13 
5 7 13 
4 5 17 
3 8 17 
7 8 12 
7 4 9 
7 6 15 
7 <4 6 
5 4 7 
b C 22 
8 5 13 
9 1 I 23 

13 15 26 
8 18 31 

13 1 2 24 
4 6 13 
5 B 16 
6 8 17 

10 12 23 
8 12 2 1 
4 6 14 
5 7 19 
3 6 13 
7 7 14 
6 5 9 



T a b l e  B-3, Cont inued 

PARTIAL DATA LISTING FOR STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 

OR SAWPL 
NUHBER 

602724 
402727 
402728 
402729 
402730 
402731 
402732 
402734 
402735  
402736 
402737 
402738  
402739 
402740 
402742 
402743 
402 744 
402746 
402747 
402748  
402750 
402751 
402753 
402755 
402760 
402  765 
402766 
402771 
402776 
402777 
402 7 79 
402780 
402 784 
402786 
402788 
402789 
402790 
402791 
402792 
402793  
402795  
402799 
402800 
402801 
402802 
402804 
402805 
402806 
402808 
40P809 
402810 
402811 
402812 
402813 
402817 

.E 0. 0 .  E. SAMPLE NUMBER 
S T  L A T  LONG L T I  REP ( 

46-44 .908 -103.061 - 3 1 5 -  
46-44 .793 -103.451 -3-12- 
46-44.848 -103.410 -3-15- 
46-44 .893 - 103.403 -3-15- 
46-44.895 -103.398 -3-15- 
46-44 .895 -103.389 -3-15- 
46-44 .902 -103.  425 -3-15- 
46-44.838 -103.348 -3-12- 
46-44 .847 .-103. 352 -3-15- 
46-44 .859 -103.339 -3-15- 
46-44.857 -1 03 .335  -3-1 5- 
46-44. 782 -103.280 -3-15- 
46-44.767 -103.314 -3-15- 
46-44 .450 -103.464 -3-15- 
46-44 .454 -1 03 .490 -3-1 5- .  
46-44 .460 -103.496 -3-12- 
46-44 .470 -103.489 -3-1 5- 
46-44.483 -103.489 -3-15- 
46-44 .490 -103.484 - 3 1 2 -  
46-44.500 -103. 448 -3-15- 
46-44.461 -103.370 -3-12- 
46-44 .469 -103.350 - 3 1 2 -  
46-44 .489 -103.330 -3-15- 
46-44.474 -103.267 -3-15- 
46-44 .402 -103. 331 -3-15- 
46-44.384 -103.425 -3-15- 
46-44.402 -103.302 -?-IS- 
46-44 .271 -103.274 -3-15- 
46-44 .310 -103.351 - 3 1 5 -  
46-44.304 -103.  242 -3-15- 
46-44 .309 -103.288 -3-15- 
46-44 .303 -103.400 -3-12- 
46-44 .292 -103.154 -3-12- 
46-44.347 -103.115 -3-15- 
46-44 .349 -103.082 - 3 1 5 -  
46-44 .345 -103.063 -3-15- 
46-44 .356 -103.073 -3-15- ' 

46-44 .374 -103.  132 -3  15- 
46-44.486 -103.210 -3-15- 
46-44 .491 -103.  202 -3- 15- 
46-44.476 -103.105 -3-15- 
46-44 .122 -103.757 -3-12- 
46-44.131 -103.  783 -3-12- 
46-44 .133 -103.766 -3-12- 
46-44.804 -103.  548 - 3 1 5 -  
46-44 .810 -103. €48  -3-15- 
46-44.820 -103.680 -3-15- 
46-44-843 -103.707 -3 -15 -  
46-44 .878 -1 03 .722 -3-1 2-  
46-44.902 -103.712 -3-15-  
46-44. 893 -103.  710 -3-15- 
46-44.862 -103.571 -3-15- 
46-44.861 -103.550 -3-15- 
46-44 .875 -103.548 -3-1 5 -  
46-44.647 -103.975 - 3 1 5 -  

U-N T  
( P P U J  

7.24 
4.44 
4 .43  
4.26 
4.35 
4.22 
5.11 
4 .72  
4.03 
4 .05  
3.90 
4 .72  
5 .44  
5 .00  
6 -80 
3.30 
3.00 
4.30 
3.50 
4.20 
3. a0  
4 .60  
4.30 
3 .60  
5 .30  
2 .70  
4 .00  
4 .50  
2 . 5 0  
3 . 0 0  
3.50 
2 .20  
3.50 
2.80 
3.90 
2 .80  
3.22 
3.40 
2.90 
3.00 
3.10 
4 .80  
2 .70  
2.90 
5 .10  
3.30 
4 .40  
3 - 2 3  
0 .uo  
3.20 
3 .40  
3-90  
3.50 
3.50 
3 . 4 0  

C 0 
( P P M J  ( 

8 
I I  
2 0 
2 4  
2 2  
2 7 
2 4 
1 5  
1 6  
1 3  
1 7  
18  
2 5  
1 3  
3 2 

5 
6 

I 5  
12  
10  

4 
6 
6 

I  I  
8 
6 
8 
7 
4 
7 
9 
5 

10  
12  
1 8 
13  
13  
10 

7 
6 

12  
11 
4 8 

6 
1 0  

5 
1 0  
10 

8 
1 0  

9 
1 8  
2 0 
17  
1 0  

cu 
P P M  J  

15  
34 
4 3  
38 
36 
38 
37 
38 
37 
3 I  
34 
37 
5 8  
19 
23  
15  
17 
17 
13 
18 
I  I  
2 5  
18 
34  
17 
15 
2 0 
2 7 

9 
17 
20 
8 

24 
29  
32 
3 1 
2 8  
2 4 
17 
15 
2 f 
4 0 
36 
13  
16 
20 
16 
19 
20 
18 
17 
4 2  
39 
35 
17 



T a b l e  B-3, Continued 

PARTIAL DATA LISTING) FOR STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 

OR SAMPLE D. 0. Em S A M P L E  WMBER 
NUMBER sr L A T  LONG L T Y  a €  

402819 46-44.652 -103.898 -3-15- 
402822 46-44.751 -103.892 -3-15- 
402824 46-44.156 -103.921 -3-IS-. 
402825 46-44-752 -103.973 -3-15- 
402826 46-44-772 -103.947 -3-12- 
402828 46-44.371 -103.750 -3-15- 
402829 46-44.293 -103.869 - 3 1 2 -  
402830 46-44.303 -103.867 -3-15- 
402831 46-44.315 -103.888 -3-12- 
402832 46-44.335 -103.965 -3- 15- 
402833 46-44.373 -103.919 -3-12- 
402834 r6-44.394 -103.512 - 3 1 2 -  
402835 46-44.401 -103.893 -3-12- 
402836 +6-44.434 -1 03.875 -3-15- 
402837 46-44.499 -103.895 -3-15- 
402838 46-4r.488 -103. 868 -3-1s-  
402839 46-44.474 -103.796 -3-15- 
402842 46-44.478 -103e.848 -3-15- 
402849 46-44.272 -1 03.909 -3-15- 
402850 46-44.265 -103.918' -3-15- 
402851 46-44.327 -103. e93 -3-12- 
402854 46-44.145 -103.845 -3-12- 
402855 46-44.144 -103. 894 - 3 1 2 -  
402856 46-44.180 -103.758 -3-12- 
402858 46-44.178 -103.758 -3- 12- 
402859 L6-44.230 -103.922 -3-15- 
402860 46-44.229 -103.920 -3-15- 
402862 46-44.337 -103.514 - 3 1 2 -  
402900 46-44.037 -102. 583 -3-12- 
402901 46-44.01 7 -102.585 -3-15- 
402903 46-44.025 -102.599 -3-1 5- 
402907 46-44.045 -102.623 -3-15- 
402914 46-44.055 -102.C64 -3-15- 
402916 46-44.045 -102. C61 -3-15- 
402917 46-44.028 -102.650 -3-15- 
402920 46-44.222 -102.5a6 ---IS- 
402921 46-44. 189 -102.681 -3-15- 
402928 46-44.054 -102.690 -3-15- 
402929 46-44.515 -102. 592 -3-15- 
402930 46-44.518 -102.629 -3-15- 
402931 46-44.517 -102.633 -3-15- 
402932 46-44.51 0 -102.636 -3-12- 
402940 46-44.614 -102.564 -3-15- 
402941 46-44.684 -102. 564 -3-1 5- 
402943 46-44.706 -102.553 -3-15- 
402949 46-44.686 -102.C41 -3-15- 
402950 46-44-69? -102. C50 -3-12- 
402952 46-44.718 -102.655 -3- 15- 
402953 46-44.720 -102.643 - 2 -  15- 
402962 46-44.191 -102.951 -3-15- 
402965 44-44.127 -102.828 -3-15- 
402966 46-44.094 -1 02. 805 -3-1 5 -  
402967 46-44.095 -102.778 -3-15- 
402968 46-44.095 -102.756 -3- 15- 
402969 46-44. LO3 -102.879 -3-1 2-  

ZN 
( PPWJ 

81 
92 
79  

141 
75 

209 
3 5 
40 
4 0 
72 
2 8 
56 

2 2 5  
33 
70 

76 
2 74 

7 7 
8 1 
6 9  
95 
55  
78 

207 
211 

62 
8 1 
58 

125 
2 13 
161 

93 
126 
107 
105 
110 
102 
114 
66 
9 1 
84 
8 7 
6 3  
66 
4 5 

102 
86 
70 

120 
I20 
114 
I I6 
113 

91 
I39 



T a b l e  B-3, Con t inued  

PARTIAL DATA L.ISTING FOR STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 

OR SAYPL 
NUMBER 

402972 
402973 
402975 
402976 
402977 
402978 
402979 
4 02980 
402981 
402982 
402983 
402984 
402985 
402986 
402987 
402988 
402989 
402990 
402991 
403005 
403007 
403009 
403010 
4030 11 
403012 
403013 
4030 14 
403015 
403016 
403017 
403018 
403020 
403021 
403023 
403024. 
403026 
403027 
403038 
'403043 
403044 
403045 
403046 
403048 
403049 
403050 
403051 
403054 
403056 
403057 
403061 
403062 
403063 
403064 
403066 

U-N 1 
(PP*  
12.90 

8.40 
6.80 
3.40 
3.30 
3.40 
3.70 
4.40 
3.40 
4-30 
5.10 
3.30 
4.00 
3.30 
3.40 
4.10 
8.28 
3.80 
3.10 
4 -90 
4.80 
2.30 
3.60 
1.60 
3.40 
6.00 
3-80 
3.80 
4.00 
3.50 
4.40 
4.70 
7.50 
4.23 
4.00 
3.40 
3.50 
4.30 
3-20 
2.20 
2-90 
2.10 
7.00 
2.60 
2.00 
2.80 
2.40 
2.00 
2.50 
2.40 
2.00 
2.70 
2.60 
2.70 

W T U  

0.96 
0.53 
0.74 
0.57 
0.70 
0. 81  
0 068 
0.68 
0 -84 
0.89 
0.89 
0.61 
0.72 
0.68 
0.66 
0.66 
0.68 
0.87 
0 .80 
0.93 
0.89 
0 -79 
0.79 
0.79 
0 -78 
1.08 
1 a08 
1.16 
0.71 
0.77 
0.80 
0.81 
0 -89 
1.03 
1.21 
1.04 
0.70 
0.69 
0.49 
0.62 
0.68 
0.78 
0.89 
0.91 
0.81 
1.24 
1.04 
0.57 
0.84 
0.72 
0.65 
0.85 
0.82 
0.69 

N1 
1 PPYJ 

19 
2 6 
2 1 
1 8 
2 0 
2 5  
1 7  
7 2 
2 0 
2 0 
1 9  
23 
26 
2 6 
2 7 
23 
24 
2 4 
21 
3 9  
3 2 
2 1 
4 6 
20  
51  
45 
6 5 
5 9 
49 
6 7  
4 9 
6 8  
4 9 
2 9 
3 1 
2 3 
2 8 
67  
23 
1 9  
16 

9 
5 0 
1 8  
1 9  
19 
11 
6 

14 
15 

8 
13 
1 I 
10 



Table B-3, Continued 

P A R T I A L  DATA L I S T I N G  FO.? STREAM SEDIMENT OF THE R A P I D  C I T Y  QUADRANGLE 

OR SAMPLE 0. 0. E. S A Y R E  NUMBER 
NUMBER ST LAT LONG L TY R I P  

403067 46-44.354 -103.589 -3-15- 
403200 46-44.063 - 102.453 -3-15- 
403201 46-44.071 -102-454 -3-15- 
403203 46-44.100 -102-441 -3-12- 
403207 46-44.187 -102. 491 -312- 
403209 46-44.147 -102.407 -3-12- 
403210 46-44.120 -102.377 -3-15- 
403212 46-44.121 -1020 413 -3-12- 
403213 46-44.114 -102.420 -3-15- 
403216 46-44.149 -102.287 -3-15- 
403223 46-44-14? -102.280 -3-12- 
403225 46-44.242 -1J2.435 -3-15- 
403231 46-44-01 3 -133. 156 -315- 
403237 46-44.119 -103.115 -3-15- 
403238 *6-44.110 -103.152 -3-15- 
403239 46-44. 120 -103.192 -3-15- 
403242 06-44.033 -103.070 -3-12- 
403244 46-44.012 -103.001 -315- 
403246 06-44. 016 -103.034 -3-1 5- 
403247 46-44.01 7 -103.038 -3-15- 
403249 06-44.519 -102. E79 -3-12- 
403252 46-44.537 -102.799 -3-12- 
403253 46-44.561 -102.910 -3-15- 
403254 a6-44.591 -102. 384 -3-15- 
403255 +6-44.601 -102.381 -3-1 5- 
403256 46-44.619 -102. 397 -3-15- 
403258 46-44.618 -102.767 -3-12- 
403259 46-44.640 -1Q2.166 -3-15- 
403261 46-44.672 -102. 810 -3-12- 
403264 46-44.672 -102.842 -3- 12- 
403266 L6-44.733 -102.787 -f 15- 
403268 46-44.749 -102.859 -3-15- 
403269 46-44.749 -102.896 -3-12- 
403270 46-44. I40 -1 03.044 -3-12- 
403273 46-44.213 -103.015 -3-15- 
403277 46-44.161 -103. 192 -3-15- 
403279 46-44.228 -103.Z38 -3-15- 
403280 46-44.236 -103. P51 -3- 15- 
403284 46-44.573 - 103. i l l  -315- 
403285 46-44.575 -103.225 -3-15- 
403287 46-44.542 -103. 886 -315- 
403289 46-44.508 -103.175 -3-12- 
403290 46-44.500 -103.LB8 -3-12- 
403293 46-44.634 -103. 128 -3-15- 
403294 46-44.607 -103.121 -3-12- 
403295 46-44-672 -103.070 -3-15- 
403296 46-44-61 7 -103.153 -3-12- 
403297 45-44.568 -103.111 -3-15- 
403298 45-44.600 -103.070 -3-15- 
403299 46-44.530 -103.074 -3-15- 
403300 40-44.531 -103.056 -3-15- 
403302 45-44.588 -103. 471 -3-15- 
403303 46-44.583 -103.463 -3-1 2- 
403309 46-44-51? -103. 933 -3-12- 
403312 46-44.554 -103. 349 -3-1 2-  

N I 
4 PP* 8 
16 
4 0 

2 1 
32 
33 
30 
3 4 
29 
3 3 
20 
3 1 
65 
2 3 
3 1 
26 
20 
I7 
29 
2 2 
31 
17 
I7 
31 
18 
2 5 
13 
14 
I2 
17 
12 
2 3 
2 2 
29 
2 9 
32 
3 7 
26 
2 9 
2 1 
2 6 
3 3 
I9 
3 5 
48 
4 6 
52 
34 
59 
54 
5 8 
32 
27 
2 3 
23 

V 
( PPY b 
5 8 
140 

9 0 
137 
139 
124 
174 
I38 
155 
8 1 
126 
I03 
82 
199 
83 
7 7 
65 
10s 
8 9 
127 
74 
7 5 

I 2e 
8 5 
I18 
5 0 
40 
56 
68 
45 
7 6 
87 
115 
102 
67. 
110 
133 
120 
9 5 
100 
143 
68 
156 
191 
198 
198 
165 . 
245 
189 
229 
193 
172 
11s 
149 



Table 8-3,  Continued 

PARTIAL DATA LISTING FOR STREAM SEDIMENT OF THE RAPID CITY QUADRANGLE 

OR SAYPL 
NUMBER 

403321 
403324 
403325 
403326 
403327 
403330 
403333 
403339 
403343 
40 3345 
403346 
403347 
403348 
403349 
403351 
403353 
403355 
403359 
403360 
403362 
403501 
403502 
403503 
403504 
403507 
403508 
403511 
403512 
403514 
403515 
403916 
403520 
403521 
403522 
403524 
403525 
ro3sae  
ro3skg 
403534 
403535 
403536 
403539 
403548 
403560 
403551 
403552 
403557 
403558 
403559 
403560 
403561 
403562 
403566 
403569 
403570 

. E  0 -  0 .  E. S k Y R E  NUYdER 
S T  L A 1  LONG L T , Y  R E P  
46-44.668 -103.295 -3-15- 
46-?*a545 -103.729 -3-15- 
46-44.559 -103.749 -3-15- 
46-44.561 -103. 723 -3-15- 
46-44..579 -103.743 -3-15- 
46:44-656 -103.742 -3-15- 
46-44.71 1 -103.741 -3-15- 
46-44.521 -103.605 -3-15- 
46-44. 572 -1 03.538 -3-1 5- 
4 6 4 4 . 6 1  2 -1 03.588 -3-1 5 -  
46-44.598 -103.587 -3- 15- 
4+44..032 -103. e42 -3-12- 
46-44.030 -1 03.856 -3-12- 
46-44.047 -103.869 -3- 12- 
46-44.063 - 1 0 3 . e ~ ~  -3-12- 
46-44.059 -103.896 -3-1 2- 
46-44.047 -103.,997 - 3 1 2 -  
46-44.045 -103.770 -3-12- 
46-44.028 -103.779 -3- 15- 
46-44-15 1 -103.996 -3-15- 
46-44.477 -102.058 -3-15- 
46-44.451 -102.076 -3-12- 
46-44.399 -102.123 -3-12- 
46-44.401~ -102.117 -3-15- 
46-44.413 -102. 048 -3-15- 
46-44.428 -102.065 -3-15- 
46-44.354 -102.037 -3-12- 
46-44.324 -102.124 -3-15- 
46-44.322 -102.130 -3-15- 
46-44.257 -102.137 -3-15- 
46-44.284 -102.147 -3-1'2- 
e - 4 4 . 2 9 4  -102.102 -3-12- 
46-44. 287 -102. 108 -3-12- 
46-44.337 -102. 137 -3-15- 
46-44.373 -102. 133 -3 15- 
46-44.375 -102.120 -3-15- 
46-44.353 -102.121 -3-15- 
4 6 4 4 . 3 5 3  -102. 132 -3-15- 
46-44.401 -102.127 -3-15- 
46-44-460 -102.229 -3-12- 
46-44.433 -102.170 -3-15- 
46-44.476 -102.139 -3-15- 
46-44.579 -102.138 -3-12- 
46-44.534 -102.212 -3-15- 
46-44.486 -102. 134 ---12- 
46-44.999 - 102.325 -3-12- 
46-44.568 -102.343 -3-12- 
46-44.553 -102.404 -3-15- 
46-44.54 0 -102.404 -3-12- 
46-44.535 -102.481 -3-12- 
46-44.513 -102.420 -3-12- 
46-44.501 -102.320 -3-12- 
46-44.632 -102.465 -3-15- 
46-44-65 7 -102.290 -3-1 2 -  
46-44.671 -102.285 -3-12- 

CU 
P P Y J  

28 
2 2 
I6 
19 
18 
32 
2 0 
18 
16 
2 5 
21 

8 
15 
8 
8 
9 

10 
5 2 
48 
I 8 
10 
27 
9 1 
21 
56 
2 5 
20 
19 
18 
23 
17 
16 
2 2 
2 1 
2 5 
2 1 
22 
24 
24 
13 
2 3 

7 
2 3 
I2 
16 
7 
9 
8 

I I 
6 

12 
13 
16 
10 
16 

Z N  
( P P Y J  

120 
102 

a0 
111 

76 
220  

6 5  
66 
92 

101 
105 
4 6 
42  
3 7 
4 0  
4 I 
47 

123 
124 
I 1 3  

6 5 



T a b l e  B-3, Continued 

PARTIAL DATA L I S T I N G  FOX STREAM SEDIYENT OF THE RAPID :ITY QUADRANGLE 

OR SAMPLE 0. 0. E. SAMPLE hUM8ER 
NUMBER ST LAT  -0NG L T I  REP 

403571 46-44.752 -102.442 -3-12- 
403572 46-44.755 - 102.460 -3- 12- ' 403579 46-44.669 -102.224 -3-12- 
403580 46-44.687 -102.226 -3-12- 
403581 46-44.698 -102. 215 -3-15- 
403585 46-44. J42 -102.31 1 -3-12- 
403586 46-44.439 -102.218 -3-12- 
403588 46- 44. rOL - 102. 391 -3-1 5-  
403593 46-44.738 -102.378 -3-12- 
403598 46-44.710 -102. 156 -3-15- 
403599 46-44.718 -102.101 -3-12- 
403601 46-44.621 -102.005 -3-12- 
403603 4 6 4 4 . 6 2 5  -102. 144 ---12- 
403607 46-44.606 -1 02.092 -3-12- 
403608 46-44.621 -102.059 -3-12- 
403609 46-44.687 -102.490 -3-12- 
403613 46-44.802 -102.528 -3-12- 
403616 46-44.817 -102.631 -3-12- 
403618 46-44.803 -102.592 -3-12- 
403619 46-44.802 -102.558 -3-12- 
403624 46-44. 855 -102. t 56  '-3-15- 
403626 46-44.916 -002.656 -3-12- 
403631 46-44.887 -102.944 -3-15- 
493633 46-44.905 '-102.625 -3-12- 
403635 46-44.923 -102.599 -3-15- 
403636 46-44.536 -102.592 -3-15- 
403638 46-44. %7 -102.599 -3-12- 
403642 46-44.907 -102.515 -3-12- 
403643 46-44.915 -102.510 -3-12- 
403644 46-44.908 -102. 456 -3-12- 
403648 46-44.823 -102.365 -3-12- 
403699 46-44.832 -102.384 -3-12- 
403652 46-44.823 -102.323 -3-12- 
403658 46-44.749 -102.308 -3-12- 
403659 46-44.755 -102.256 -3-12- 
403662 46-44.768 -102.343 -3-15- 
403663 46-44.863 -102. 251 -3-1 2- 
403666 46-44.910 -102.277 -3-12- 
403667 46-44.853 -102.215 -3-15- 
403669 46-44.757 -102. 208 -3-12- 
403671 - 46-44.777 -102. 171 -3 12- 
403675 46-44.731 -102.037 -3-12- 
403677 46-44.814 -102.058 - 3 1 5 -  
403680 46-44.803 -102.181 -3-12- 
403685 46-44.854 -1 02.064 -3-15- 
403686 46-44.852 -102.073 -9-15- 
403689 46-44.852 -102.174 -3-12- 

, 403691 46-44.987 -102.132 -3- 12- 
403693 46-44.939 -102.219 - t l S -  
403695 46-44.939 -102.239 -3-1 2- 
403696 46-44.938 -102.247 -3- 12- 
403697 46-44.917 -102.269 -3-15- 
403698 46-44.950 -102.266 -3-12- 
403700 46-44.929 -102.182 -3-15- 
403702 46-44.897 -102.360 -3-15- 

U 
( PPM J 

1 a88 
2.05 
2.42 
2.19 
2.53 
2.72 
2.96 
3.37 
3.53 
2.41 
2.93 
3.43 
2.82 
2.60 
2.08 
1.69 
2.16 
2.24 
2.10 
2.39 
2.03 
2.00 
1.69 
1.35 
1.72 
2.00 
2.24 
1.53 
1.98 
1.82 
1.40 
1.82 
1.54 
2.07 
1.83 
2.25 
1.77 
2.42 
1.91 
1.40 
1.62 
2.77 
1.75 
1.94 
1.87 
1-19 
2.21 
2.29 
1.98 
3.43 
2.85 
3.05 
1-90 
3.37 
5.55 



T a b l e  B-3, Continued 

PART IAL  DATA L I S T I N G  FOR STREAM SEDIMENT OF THE RAPID  C I T Y  QUADRANGLE 

.E 0.  0. E. S A M P L E  N M B E R  
S l  L A 1  L O W  L T Y R E P  
46-44.909 -1'02.375 -3- 15- 
46-44-91 1 -102.698 -3-12- 
46-44.920 -102.759 -3-12- 
46-44.718 -103.818 -.??IS- 
46-44.685 -103.923 -3-15- 
46-44.699 -103. S48 -3- 15- 
46-4.4.735 -103. ea3 -3-15- 
46-44.706 -103.752 -3-1 2- 
46-44.671 -103 .eoe  -3 -1s -  
46-44.661 -103.807 -3-15- 
46-44.651 -103.808 -3-15- 
4 6 4 4 . 6 4 3  -103.eaa -3-12- 
46-44.625 -103.807 -3-15- 
46-44.613 -103.780 -3- 15- 
46-44.585 -103.828 -3-12- 
46-44 -597 -103.813 -3-15- 
46-44.602 -103. e12 -2-15- 
46-44.582 -103.849 -3-12- 
46-44.517 -103.E83 -3-15- 
46-44.526 -103. S88 -3-15- 
46-44.540 -103.911 -3-15- 
46-44.575 -103.537 -2-12- 
46-44.575 -1 03.976 -3-12- 
46-44.639 -1 03.930 -3-12- 
46-44.017 -103.191 -3-12- 
46-44-04 I -103.194 -3-15- 
46-44.046 -103.193 - 3 1 5 -  
46-44.354 -102.362 -3-15- 
46-44.372 -102.458 -3-15- 
46-44.375 -102. 444 - 3 1 5 -  
46-44.302 -102.345 -3-15- 
46-44.330 -102.264 -3-12- 
46-44.482 - 1  02. 489 -3-15- 
46-44.256 -102.611 -3-12- 
46-44.269 -102.542 -3-12- 
46-44.255 -102.51 1 -3-15- 
46-44.257 -102.568 -3-15- 
46-44.238 -102. 727 -3-12- 
46-44.367 -102.567 -3-15- 
46-44.444 -102.639 -3- 15- 
46-44.388 -102. €42 -3-1 9- 
46-44.396 -103 -000 -3-15- 
46-44.471 -102. 525 -8-15- 
46-44.342 -102.832 -3-15- 
46-44.341 -102.853 -3-15- 
46-44.334 -102. e64 -3-15- 
46-44.333 -102.878 -3-15- 
46-44.331 -102.907 - 3 1 5 -  
46-44.327 -102.921 -3-15- 
46-44.325 -102.549 -3-15- 
46-44.329 -102. 562 -3-15- 
46-44.333 -102.989 -3-15- 
46-44.339 -102.e11 -2-15- 
46-44-35 9 -1 02.874 -3-1 5- 
46-44.388 -103.190 -3- 15- 

U-N 1 
( P P * )  
2.70 
2.70 
3.00 
4.00 
3.20 
3.40 
5.00 
4.20 
5 .10 
5.67 
4.10 
3.50 
3.50 
3.60 
2.00 
2.30 
3.30 
1.70 
2.40 
2.30 
2e.50 
2.60 
3.50 
3.30 
5.00 
5.00 
4. 70 
3.20 
3.20 
3.40 
3.10 
2.60 
2.50 
5.00 
3.59 
5 -70 

1 b. 40 
3.60 
3.50 
4. 70 
3.10 
2 .  80 
2.70 
3.60 
8.40 
4.30 
4.60 
6 .00 
7.30 
5. 70 
7.90 
7.00 
b. 00 
Y .50 
3.00 

TH CO 
( P P Y )  ( P P Y J  4  

<2 5 
7 7 
a 8 
7 8 
8 15 

10 8 
6 1 I 

10 9 
13 5 

7 13 
8 6 

10 9 
10 5 
9 7 
8 4 

I1 5 
8 8 
3 
5 

<P 
'4 

7 5 
8 0 
4 < 4 

13 7 
4 8 
4 13 
S 8 
b 6 

13 6 
12 1 I 
5 10 
7 9 
8 7 
6 0 
8 16  
7 10 
8 10 
8 8 
7 I I 
8 10 

1 1  11 

CU 
P P Y J  

8 
14 
15 
3 1 
5 1 
24 
i 1 
29 
25 
I f  
19 
17 
16 
19 

9 
11 
15 
6 

10 
14 
18 
10 
25 
12 
22 
i 1 
19 
10 
2 3 
2 2  
18 
13 
17 
2 9 
19 
23 
2 2 
19 
24 
32 

N I V 
( P P Y )  4 P P Y )  

I 9  4 8  
18  6 2 
2 2 09  
3 I 130 
2 9 91 
2 5 112 
2 7 141 
3 2 1 3 0  
19 9.5 
18  7 0 
2 3  5 9 
20 7 0 
1'4 5 7 
22 6 7  
12 33  
10 36 
15 6 2 
5 2 3 

12 3 e 
16 4 2 
2 3 6 8 
14 3 9 
19  5 9  
14 5 2 

104 6 6  
2 2 78 
2 0 7 4 
13 6 2 
3 1 139 
30 142 
2 6 107 
17 6 8 
2 0 77 
38 144 
28 11 5 
27 11 1 
19 96 
25 I l i  
2 9 137 
36  160 



- a b l e  B-3, Continued 

OR SAMPL 
NUMBER 

403826 
403827 
403828 
403829 
403830 
40 3832 
403833 
403847 
403848 
403849 
403850 
403852 
403853 
403854 
403855 
403856 
403 857 
403858 
403859 
4 03 860 
403861 
4 03 862 
40 3864 
403865 
403866 
403867 
403868 
403871 
4038 74 
403875 
403876 
403877 
403878 
403879 
4 03880 
403881 
403882 

PARTIAL DATA. L I S T I N G  FOR STREAM SEDIMENT OF THE RAPID C I T Y  QUADRANGLE 

-E 0. 0. E .  SAMPLE NUMBER 
ST L A 1  L O N G  L T Y 3 E P  
46-44.389 -103.164 -3-15- 
b6-44.369 -103.248 -3-15- 
46-44.358 -103.234 -3-15- 
46-44.363 -103.189 -3-15- 
46-44.359 -103. 181 -3-15- 
46-44.420 -103.036 -3-15- 
46-44.459 -103.074 -3-15- 
46-44.836 -103. e63 -3-1s- 
46-44.839 -103.869 -3-12- 
86-44.847 -103. e82 -3-15- 
.b6-44. es1 -103. ee3 -3-15- 
46-44.865 -103.894 -3-12-- 
46-44.873 -103.542 -3- 15- 
46-44.828 -103.846 -3-15- 
r6-44.765 -103.770 -3-15- 
%6-44. 799 -103. 799 -3-15- 
r6-44.815 -103.823 -3-15- 
46-44.839 -103. 838 - 3 1 5 -  
46-44. B33 -103. 762 -3-15- 
*6-44.858 -103.862 -3-15- 
46-44. e71 -103.755 -3-15- 
r6-44.883 -103.760 -3-1 5- 
46-44.916 -103.793 -3-12- 
46-44.968 -103. e12 -3-15- 
r6-44.903 -103.814 -3--15- 
.ti-44.908 -103. e29 -3-15- 
r6-44.914 -103. 825 -3-15- 
-6-44.954 -103 -870 - 3 1 2 -  
46-44. 882 -103. S12 -3-15- 
-6-44.891 -103.958 -3-15- 
-6-44.900 -103.566 - 3 1 5 -  
r6-44.909 -103.984 -3-15- 
r6-44.939 -103.910 -3-15- 
46-44.939 -103.512 -3-12- 
46-44.950 -103.530 -3-15- 
46-44.975 -103.532 -3-15- 
46-44.989 -1 03.959 -3-1 5 -  

J-NT 
(PPM 1 

6.20 
4.40 
3.60 
3.30 
3.20 
4.40 
3.10 
5.20 
3. dO 
4.50 
4.20 
3.20 
4.90 
4.90 
3.80 
3 .ti0 
3.50 
3.60 
4.50 
3.20 
3.30 
3.80 
3 - 9 0  
3.50 
3.30 
3.50 
2-90 
3.30 
3.20 
3 -10  
3.30 
3.60 
3.40 
3.20 
3 - 5 0  
3.50 
4.20 
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  able C-1 

COMPUTER CODE L I S T  O F  GEOCHEMICAL VARIABLES 
--- 

~ a r i a b l e ( a )  Code ~ a r i a b l e ( a )  Code 

Urani um Measure by 7 U-FL Scandi um 
F1 uorometry(b 

S i  1 i con  
I l ran i  11m M P ~ S I I ~ P ~  hy I I-MS 

Mass spectrometry(b) S t r o n t l u r ~ ~  

Uranium Measured by U-NT Thor i  um 

Neutron A c t i v a t i o n  T i  t a n i  um 

Arsenic  AS Vanadi um V 

Sel en i  um SE Y t t r i um  Y 

S i  1 ver  AG Zinc Z N 

A i  umi nuni AL ~ i r c o n i u i  L 14 

Boron 

Ba r i  um 

Bery l  1 ium 

Calcium 

Cer i  um 

Cobal t  

Chromi um 

Copper 

I r o n  

Hafnium 

Potassium 

Lanthanum 

1- i t, h i  I lln 

Manges i um 

Manganese 

klol ybdenum 

Sod i uin 

PIiobium 

N icke l  

~hosphorus  

Ledd 

Plat inum 

Su l f a t e  (ppm) 

Ch lo r ide  (ppm) 

Conduc t i v i t y  f rom Lab (umhos/cm) 

Conduct iv i . ty from F i e l d  (~mhos/cm) 

Dissolved Oxygen (ppm) 

A i r  Temperature (OC) 

Water Temperature ("C) 

pH 
pH Measured by Lo I on  Paper 

To ta l  A1 ka l  i n i  t y  (ppm) 

H-A1 ka l  i n i  t y  ( ppm) 

P-A1 ka l  i n 1  t y  (ppm) 

Carbonate ( p p m ) ( ~ )  

Bicarbonate ( p ~ m )  ( c )  

Undissociated Carbonic Ac id  (ppm)(c) 

11-NTIU-FL 

U-FL/U-NI 

TH/U-NT 

1 ,OOO*U/SP 

I ,UUU.U/B 

1 ,OOb.ll/SO 

so 4 

C L 

CT-L 

CT-F 

DO 

ATEM 

IJTEM 

PH 

PH-P 

T-AK 

M-AK 

P-AK 

CB 

BC 
CAB 

TI1/11 

U/IU 

TH/U 

U/SP 

U/B 

U/Sb 

( a ) 1 f  na tu ra l  l oga r i t hm  of v a ~ i a b l e  i s  used, L o r  L- precedes t he  va r i ab l e  code. 

( b ) l f  method i s  no t  spec i f i ed  f o r  waters. U-FL i s  used, except where value i s  below 
l abo ra to r y  de tec t i on  1 i m i  t i n  which case U-MS i s  subs t i t u t ed  i f  i t  i s  ava i l ab l e .  

( c ) ~ h e s e  var iab les  were approximated us ing cubic  s p l i n e  funct ions t o  f i t  t he  curves i n  
Hem (1970), p. 155. 



T a b l e  C -2  

OAK RIDGE GEOCHEMICAL SAMPLING FORM 
SHOWING F I E L D  DATA RECORDED ON MICROFICHE 

OAK RIDGE GEOCHEMICAL SAMPLING FORM 
Ira d V- 1L.W l l n m )  

i i i h i n  1 Km IZn~un) 
C o n i h  
C m i t r  6 D r d u ~ u s  
hibola . .  
Bush 
0.88 . 
Yol* 
L ichn  
oum 

V V L t  A( Pink . 
L Li@t R)M 
Y W i u m  G N G m  
0 D r k  ar slw 

QElE lAL  SITE DATA 
I ARLdl m t l c m l  1 

CL Clem 
BN %am 

W m i t e  
GY Grmv 

n vellar 
BX BI.cL 
QT Olha 

lbcoa 
smd.lm 

b u m  Sediment 
Laka Sediment 

Strum W8mr 

Well w a a  
Swing Wmter 
Lake l h t s  
kg Wata 

m a t  . 
( U W h . r C * )  

aha 

ruw SAMPLE 
M d o ~  ot Clam On01.d 

(N- of tor me.) 

lnnL oi- (rn) 

(1 m *n gmvd) 

(Average of plmts w e d )  

NmdTrr. D.cibau 

Lt Wind 
Wi* 
V. Wirdy 

None 
Mining 
Agriculture 
Oil Field 
Indu.fy 

h e e e  
Paa Plini 
urtun 
Omer 

Alm Verdo 
Ash 
BBech 
Birch 
801 Elder 
Cherry 
C o m n d  
Elm 
Hackbey 
Hickory 
Huisache 
L i w  Oak 

L o a w  
Mwle 
Mestmite 
Oak. Oma 
Olive 
Papla 
svc-m 
Salt Csdar 
Walnut 
Willow 
h a  . A n n g .  sb.m V m b c i  b n k )  

N = No Visible UDvaMnt :c:- 
Voiding 

 me of ~rm.  c a n i t r  

S p s a  
rnrn lo~k Oms 

Nmdbmh 

Blusbaq 
Pumsy Willow Oms 

C a m d  smv* 
Sedinmnt. Hi@ U 
Sedinmnt. LcaU 
Waa. High U 
Wata, LcaU 
Omer 

- - ' -  

Air 1-mwa (%) High 
L a  Flmd 

~ : w t u n  (live) 
Oms mulda  

Cobble 
P a l e  
W 
Silt 

C1.l 
NOllO (UM W k 8 )  



T a b l e  C-2, C o n t i n u e d  

OAK RIDGE GEOCHEMICAL SAMPLING FORM 
SHOWING FIELD DATA RECORDED ON MICROFICHE 

STREAN OR LAKE SEDlNERT -d-nr(a u w . 1 ~ 1  
(Omlook Unlt COW 

M l n a  
Y n i C l p l  

C d l b w d ~ M a a Y n n b t l o r ,  C(M.hoM 
Stak  
lnlgmion 

Pmblble All d W 
H n d S  

5)(orlImwrmDIla H n d l  
3 and l 
Na 
Rhw 

COnllrn (Mullv) 
( a 1 1 ~ )  

l n tnq rn t  ( a k l v l  
Rrs (no mmn us81 

GENERAL WATER SAYILES h o C h m ~ ~ d - d n g w r o n  

WELL WATER 
kp d hll 

Drlllad 
cmlrndhoduc*gD.o(b 

ACldll ld QllV 
A c d l f l d  and Filcrnd 

R ive  k i m  

Unkmrn 

D.oI), d VI.IYII(I b )  Oh- 

m ku- d W d n a  DIDIl I d m u t l m  

C = CIY 

M v o c i r r n  

0mlog1c Inlra~. 
Oma 

T m l  rrll D.ph 

IYsnr8) 

O r m W  d 1-1 Dq& 

Tool A b l l n l *  (gpa) 

iwj P A l h l h ~  m) 
smll. Looldrn 

u A I b a l h ~  (-1 

U m n h o m u m I n w d  
H = Holdlng lmk (Ur RnurL.) 

LAKE WATER 

W m m ( m p k T l k r ,  
w l c h k p o c r o ~ m  

No Pm8lun Tmk 
D m  Ill-) FlUll h 8 -  l d  I U w  kmfh8l-- 

lQld 4l 
--- 

A 



MICROFICHE OF FIELD AND LABORATORY DATA *. j 
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