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ABSTRACT 

An orientation study was conducted in the area of Lake Sunapee; 
New Hampshire, in preparation for a hydrogeochemical and. 
stream sediment reconnaissance in glacial t.errain. The study was 
carried out by the Savannah River Laboratory as part of the 

' ,  

National Uranium Resource Evaluation (NURE). . ..  
. . 

Ground water, lake water, stream water, lake sediment, and 
stream sediment samples were collected at 188 sites. The.concentrations . . ' 

of uranium and other elements were determined by neutron activation 
analysis. . . 

. ' .. 

This report is issued in draft form, without.detailed technical 
and copy editing. This was done to make the report available' 
t,n the public before the end of the NURE program. 

. . 
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ORIENTATION STUDY OF THE LAKE SUNAPEE AREA, NEW HAMPSHIRE 

The N a t i o n a l  Uranium Resource E v a l u a t i o n  (NURE) was e s t a b l i s h e d  
t o  e v a l u a t e  uranium r e s o u r c e s . i n  t h e  Uni ted S t a t e s  and t o  i d e n t i f y  
a r e a s  f a v o r a b l e  f o r  uranium e x p l o r a t i o n .  The Grand J u n c t i o n  O f f i c e  
of t h e  U:S. Department of Energy (DOE) was r e s p o n s i b l e  f o r  a d m i n i s t e r i n g  
t h e  program. The Savannah River  Lahnra to ry  (SRL) was r e s p o n s i b l e  f o r  
hydrogeochemical  and stream sediment r e c o n n a i s s a n c e  of '3.9 . m i l l i o n  
s q u a r e  k i l o m e t e r s  (1 .5  m i l l i o n  s q u a r e  m i l e s )  i n  37 e a s t e r n  and 
w e s t e r n  s t a t e s .  

T h i s . . r e p o r t  p r e s e n t s  d a t a  from an  o r i e n t a t i o n  s t u d y  i n  t h e  a r e a  of 
Lake Sunapee,.New Hampshire. The s t u d y  a r e a  i s  l o c a t e d  i n  c e n t r a l  
New Hampshire a l o n g  l o n g i t u d e  72' W ,  which d i v i d e s  t h e  Glens F a l l s  and 
P o r t l a n d  .lo x 2' quadrang les  of t h e  N a t i o n a l  Topographic Map S e r i e s .  
The p a r t i c u l a r  area was chosen f o r  sampl ing because  of a r e p o r t e d  
o c c u r r e n c e  of a u t u n i t e  and meta -au tun i te .  A t o t a l  of 188 w a t e r  and 
sediment samples were  c o l l e c t e d  a t  v a r i o u s  s i t e s  by Geohydrology A s s o c i a t e s ,  
a n  SRL s u b c o n t r a c t o r ,  d u r i n g  September 1976. 

The Lake sunapee a r e a  i s  c h a r a c t e r i z e d  by low, rounded mountain ,  
topography 'hav ing  a maximum r e l i e f  of abou t  1500 f e e t  . Two r i v e r s  
d r a i n  t h e  a r e a .  The Sugar R i v e r ,  a t r i b u t a r y  of t h e  Connec t icu t  R i v e r ,  
f lows  westward from Lake Sunapee. A d r a i n a g e  d i v i d e  a l o n g  t h e  e a s t  s i d e  
of t h e  l a k e  s e p a r a t e s  t h e  Sugar sys tem from t h e  Blackwater R i v e r ,  
which f lows  eas tward  i n t o  t h e  Merrimack River .  

Bedrock, which i s  l o c a l l y  c a l l e d  "ledge" by water-wel l  d r i l l e r s ,  
c o n s i s t s  p r i m a r i l y  of e a r l y  P a l e o z o i c  g r a n i t i c  g n e i s s  t h a t  is  l o c a l l y  
c u t  by i n t r u s i v e  r o c k s  t h a t  a r e  more b a s i c .  The r e g i o n  h a s  been s u b j e c t e d  
t o  r e p e a t e d  p e r i o d s  of g l a c i a t i o n  t h a t  have modif ied t h e  topography and 
t h e  o l d e r  d r a i n a g e  systems.  The bedrock i s  covered by a veneer  of 
unconso l ida ted  g l a c i a l  d e p o s f r s  of t i l l  and s t ~ a t i f i e d  d r i f t .  
Although t h e  t h i c k n e s s  of t h e  g l a c i a l  d e p o s i t s  may l o c a l l y  exceed 100 f e e t ,  
t h e  a v e r a g e  t h i c k n e s s  p robab ly  is  l e s s  t h a n  20 f e e t .  Lake Sunapee o c c u p i e s  
a deep t rough  t h a t  was g l a c i a l l y  scoured  by t h e  las t  (Wisconsinian)  
i c e  s h e e t .  The o n l y  s i g n i f i c a n t  s t r a t i f i e d  d e p o s i t s  i n  t h e  area 
a r e  p r e s e n t  i n  t h e  v a l l e y  now occupied by t h e  North Branch and South Branch 
of t h e  Sugar River  n e a r  t h e  town of Newport, w e s t  of  Lake Sunapee. 



I n  1967-68 a road c u t  f o r  I n t e r s t a t e  89 was made on t h e  southwest f l a n k  
of Burpee H i l l ,  about  2 m i l e s  e a s t  of t h e  v i l l a g e  of Georges M i l l s .  
Th i s  road c u t  exposed about 30 f e e t  of p ink ,  g r a n i t i c  g n e i s s  . 
c u t  by two da rk  gray  lamprophyre d ikes .  There i s  a t h i n  veneer  of 
ground moraine on t h e  t op  of t h e  igneous rocks.  Severa l  d i s t i n c t  minera l s  
were found a s s o c i a t e d  w i th  t h e s e  d i k e s  and were u l t i m a t e l y  d e l i v e r e d  t o  
t h e  Department of Geology a t  Dartmouth Un ive r s i t y  i n  Hanover, New Hampshire. 
D r .  John B. Lyons, of t h e  Department, i d e n t t f i e d  two of t h e  minera l s  
a s  a u t u n i t e ,  Ca(U02)Z(F04)Z.10-12H20, and meta-autuni te ,  Ca(U02)2(P04)2.2-6H20, 
bo th  of which a r e  r e  a t l v e  y rnmmon secondary mine ra l s  i n  
uranium d e p o s i t s .  S ince  t h e  o r i g i n a l  d i scovery  of t h e s e  mine ra l s ,  
t h e  exposures  have weathered and have been damaged s o  much t h a t  
t h e r e  is  l i t t l e  evidence of minera l s  now p re sen t .  The lamprophyre d i k e s ,  
however, a r e  very ohvinus.  

I n  August 1976, t h e  U.SI. Geological  Survey (USGS) began a d e t a i l e d  s tudy  
of c e n t r a l  New Hampshire i n  an e f f o r t  t o  determine t h e  provenance of 
t h e  uranium mine ra l s .  The P r o j e c t  Chief was D r .  Eugene Boudette.  
It i s  h i s  eheory t h a t  much of t h e . g n e i s s  near  Lake Sunapee may have been 
der ived  from a l a r g e  p a r t i a l  mel t  of t h e  Concord Grani te .  Weathering 
of t h e  g n e i s s  r e l e a s e d  disseminated uranium minera l s ,  and t h e  uranium was 
t r a n s p o r t e d  by ground wateT and subsequent ly  depos i ted  along t h e  
lamprophyr,e d i k e s .  During September and October 1976, Boudette planned 
t o  c o l l e c t  a s e r i e s  of 200 samples a long a northwesk-southeast p r o f i l e  
a c r o s s  New Hampshire; t h e  p r o f i l e  would c r o s s  t h e  TJake Sunapee a r ea .  
De ta i l ed  p e t r o l o g i c  ana lyses  of t h e s e  samples may provide d a t a  
f o r  a more d e t a i l e d  sampling program t o  fol low.  Boudette b e l i e v e s  t h a t  
t h c  ana lyses  may be u s e f u l  i n  i d e n t i f y i n g  t h e  o r i g i n a l  source  
of t h e  uranium minera l s .  

The Water Resources D iv i s ion  of the USGS has  subdivided t h e  s t a t e  
of New Hampshire i n t o  n ine  s e p a r a t e  r i v e r  ba s in s .  Water r e sou rces  
i n v c o t ~ i g a t i o ~ ~ s ,  ~uosLly by .Toliil ' E .  Cot ton,  have been completed i n  s e v e r a l  
of t h e  a r e a s .  T l ~ r s e  r e p o r t s  a r e  intended t o  be  used a s  guides  f o r  
ground water e x p l o r a t i o n  and planning and f o r  management of water use  
and land use.  W e l l  y i e l d  and water  q u a l i t y  a r e  d i scussed  i n  t h e  r e p o r t s .  

An e v a l u a t i o n  of t h e s e  publ ished depor t s .  showed t h a t  they  a r e  no t  
p a r t i c u l a r l y  u s e f u l  i n  s e l e c t i n g  sampling s i t e s  f o r  t h e  NURE p r o j e c t .  
Most of t h e  . information p e r t a i n s  t o  s t r a t i f i e d  d r i f t  d e p o s i t s ,  p r i m i a r i l y  
v a l l e y  t e r r a i n  t h a t  is  h igh ly  t ransmiss ive .  However, t h e  h e s t  i n d i c a t o r  
of t h e  mineralogy of t h e  under ly ing  bedrock would be  r e f l e c t e d  i n  the 
more I lne-grained morainic  d e p o s i t s  which gene ra l l y  y i e l d  l i t t l e  watcr  
t o  wcl ln ;  thr hyil l- i l lu~y of rhc ground rnoraiut: r ece ives  l f t t l e  a t t e n t i o n  - 
i n  t he se  r e p o r t s .  

The w e l l s  from which ground-water samp3.e.s were c o l l e c t e d  i n  t h e  
Lake Sunapee a r e a  were r e a d i l y  grouped i n t o  o l d e r  large-diameter  hand-dug 
w e l l s  i n  ~ 1 1 e  g l a c i a l  d r i f t  and small-diameter d r i l l e d  w e l l s  i n  t h e  bedrock. 
The dug w e l l s ,  which a r e  g e n e r a l l y  less than  20 f e e t  deep,  f r equen t ly  were 
excavated i n  g l a c i a l  t i l l ,  and water  samples should r e f l e c t  t h e  c h a r a c t e r i s t i c  
of t h e  bedrock from which t h e  till was der ived .  Those hand-dug w e l l s  



i n  w i d e , f l a t  v a l l e y s  probably t a p  water from g l a c i a l  outwash t h a t  is  
w e l l  s o r t e d  and devoid of s i l t  and c l a y  f r a c t i o n s .  Consequently,  . 

water from t h e s e  w e l l s  probably would be  less u s e f u l  i n d i c a t o r s  
of bedrock t h a t  had been g l a c i a t e d .  

D r i l l e d  w e l l s  i n  t h e  a r e a  range i n  depth from about 12  f e e t  
t o  more than 700 f e e t .  Most of t he se  w e l l s  a r e  6-inch h o l e s  t h a t  a r e  
cased through t h e  upper d r i f t  d e p o s i t s ;  t h e  lower p a r t  of t h e  h o l e  
is uncased. Inasmuch a s  t h e s e  w e l l s  o b t a i n  wa te r . f rom f r a c t u r e s  i n  
t h e  c r y s t a l l i n e  rocks ,  t h e  depth of t h e  w e l l  i s  l e f t  t o  t h e  d i s c r e t i o n  
of t h e  d r i l l e r .  The s i z e ,  number, d i s t r i b u t i o n ,  and degree  of 
in te rconnec t ion ' .o f  f r a c t u r e s  i n t e r s e c t e d  by a  w e l l  i s  h igh ly  v a r i a b l e .  
However, most d r i l l e r s  a r e  s u f f i c i e n t l y  f a m i l i a r  w i th  an a r e a  t o  have 
q u i t e  a c c u r a t e  judgment of t h e  depth needed. Also, t h e  completion of 
t h e s e  w e l l s  a s  open ho le s  a l lows  t h e  d r i l l e r  t o  r e - en t e r  and deepen 
a wel l  t h a t  f a i l s  t o  y i e l d  t h e  necessary  amount of water .  

The depth of t h e  w e l l  a s  given on t h e  Well Sampling Card i s  
a  u s e f u l  parameter i n  determining t h e  s t r a t i g r a p h i c  sequence through which 
t h e  w e l l  pene t r a t e s .  However, i n  t h e  Lake Sunapee a r e a ,  a l l  t h e  d r i l l e d  
w e l . 1 ~  pene t ra ted  t h e  g l a c i a l  d r i f t ,  which was cased o f f ,  and were t hen  
d r i l l e d  t o  v a r i o u s  depths  w i t h i n  t h e  c r y s t a l l i n e  rocks.  Because t h e  depth 
of t h e  d i f f e r e n t  c r y s t a l l i n e  u n i t s  gene ra l l y  exceeds t h e  w e l l  dep th ,  
an a c c u r a t e  map of geology and w e l l  l o c a t i o n s  probahay would be 
more u s e f u l  than would be  t h e  w e l l  dep th  i n  determining t h e  source  rocks .  
The cons t ruc t ion  of w e l l s  meant t h a t  t h e  depth of few d r i l l e d  h o l e s  . 
could be  measured. Therefore ,  t h e  f i e l d  teams were r equ i r ed  t o  
depend on r epo r t ed  we l l  dep ths ,  and only t h e  unused dug w e l l s  could be 
measured wi th  any accuracy.  

ANALYTICAL DATA 

Water Analyses 

Tables  1, 2 ,  and 4  g ive  t h e  water  ana lyses  f o r  ground water ,  l a k e  
water, and s t ream water .  F igures  2 ,  4 ,  and 10  show a r e a l  d i s t r i b u t i o n  
of uranium i n  water  samples. The fo l lbwing  elements  were determined 
by neut ron  a c t i v a t i o n :  U ,  A l ,  B r ,  C 1 ,  Dy, F, Mn, Na, and V.  The e lementa l  
concent ra t ions  a r e  given i n  p a r t s  per  b i l l i o n  (ppb). Missing va lues  
a r e  denoted by "M," For uranium, t h e  a n a l y t i c a l  background i s  about 0.020 ppb. 

Redox p o t e n t i a l  i n  m i l l i v o l t s  (mV) ve r sus  t h e  s t anda rd  calomel 
e l ec t rode .  , Normally, Eh w i l l  be  about +400 mV. Values f a r  from 
+400 mV may suggest  instrument  malfunct ion.  

Normally, pH w i l l  be  i n  t h e  range  of 4.0 t o  9.5. Values o u t s i d e  
t h a t  range may sugges t  p o l l u t i o n  o r  instrument  malfunct ion.  



ALKALIN 
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A l k a l i n i t y  as m i l l i e q u i v a l e n t s  of s u l ' f u r i c  a c i d  r e q u i r e d  p e r  l i t e r  
of sample ( m e q / ~ )  t o  t i t r a t e  t o  a  pH of  abou t  4 .5 .  

CONDUCT 

C o n d u c t i v i t y  measure i n  micronihos p e r  c e n t i m e t e r  (pmhoslcm). 

OXYGEN 

Disso lved  oxygen (pprn) by e l e c t r o m e t e r .  Values above 1 2  pprn 
may i n d i c a t e  i n s  L L  ulurnt mal.function.  

Ammonia (ppm) by c o l o r i m e t r y .  

PHOSPHAT 

Orthophosphate  (pprn) by c o l o r i m e t r y .  

NITRATE 

N i t r a t e  p l u s  n i t r i t e  (ppm) by c o l o r i m e t r y .  

SULFATE 

S u l f a t e  (pprn) by barium s u l f a t e  t u r b i d i m e t r y .  

Sediment Analyses  

T a b l e s  3 and 5  p r e s e n t  t h e  a n a l y t i c a l  d a t a  f o r  l a k e  and s t r e a m  sedinlents.  
Each sediment  sample w a s  s i e v e d  i n  t h e  f i e l d  t o  p a s s  a -40 mesh (420 pm) 
s c r e e n .  Four s i z e  f r a c t i o n s  were  ana lyzed :  S6, -40 t o  + lo0  mesh 
(420 t o  1 5 0  ~lrn); S7, -100 mcsh (<I50  um); S8, -100 t o  +200 mesh 
(150 t o  75  lrm) ; and S9, -200 mesh (<75 lulrl). F l g i i r ~ . ~  5 through 8 
nad 11 through  14 show a r e a l  d i s t r i b u t i o n  of uranium i n  sediment samples.  
The samples were ana lyzed  hy nei i t rnn a c t i v a t i o n  f o r  t h e  f s r l luwl l~g  
e iements :  U ,  Th, A l ,  C e ,  Dy, Eu, Fe,  Hf ,  La, Lu, Mn, Na, Sc,  Sm, T i ,  
V ,  and Yb. The c o n c e n t r a t i o n s  a r e  r e p o r t e d  i n  ppm.  LOG^ on i g n i t i o n  (LOI) 
is r e p o r t e d  i n  we igh t  p e r c e n t .  I n  t h e  t a b l e s .  "61" d e n n t e s  a miss ing  v a l u c .  
A bricf explanaLiuu of t h e  a n a l y s e s  f o l l o w s .  

Uranium 

The u s e r  of t h e s e  d a t a  i s  c a u t i o n e d  t h a t  ' t he  c o n ~ . ~ n t r a t i o n  of uranium 
i n  sediment  samples  v a r i e s  w i t h  t h e  abundance o f  such  m i n e r a l s  
as z i r c o n  and monazi te .  High c o n c e n t r a t i o n  of uranium i n  a sample 
may b e a r . l i t t l e  r e l a t i o n  t o  t h e  commercial p o t e n t i a l  o f . t h e  sampled a r e a .  



Thorium 

The geochemical association between uranium,and thorium 
in high-temperature environments is wel.1 known. Compounds 
of these elements enter into extensive solid solution. 

Aluminum 

High values of aluminum' in sediment samples are probably related 
to the clay and feldspar content of the samples. 

Cerium and lanthanum 

Concentrations of cerium and lanthanum are probably due to 
the presence of the mineral monazite [CeLaTh(P04)]. 

Dysprosium 

Dysprosium is found as,a minor constituent of the resistate mineral 
xenotime (YP04), which is reported to contain as much as 3.5% uranium. 
Dysprosium analyses may be useful, therefore, in estimating contributions 
of uranium by xenotime. 

Iron and manganese 

The areal distribution of iron and manganese reflects the relative 
abundance of iron- and manganese-bearing detrital minerals (which 
may be a complex function of original source rock type or 
metamorphic conditions), weathering, and transport conditions. 

Haf nium 

Hafnium is found as an accessory constituent in the resistate mineral 
zircon (ZrSi04), and is useful for inferring the amount of zircon 
in the sample. 

Scandium 

Scandium is interesting because its geochemical behavior is 
similar to that of the lanthanide metals under some conditions. 
Scandium can substitute for trivalent iron, aluminum, and vanadium, 
and for rare earths. 

Titanium and vanadium 

High concentrations of vanadium and iron suggest the presence of the 
mineral ilmenite (FeTi03). The presence of rutile (Ti02) 
might be inferred from a high Ti/Fe ratio (Ti/Fe>l). 

Loss on ignition 

Loss on ignition was determined at 6UU-6ZUeC. 
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FIGURE 1. Ground Water Sampling S i t e  Locat ions 
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FIGURE 2. Uranium Content i n  Ground Water 
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FIGURE 3 .  Lake Sampling S i t e  Locat ions 
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FIGURE 4. Uranium Content i n  Lake Water 



SUNAPEE, NH STUDY AREA 
@ URANIUM MINERALIZATION 

Uronlum In Lake Sedlrnsnlr ( 40 -  100 mesh froctlonl 

FIGURE 5. Uranium Content i n  Lake Sediments, -40 t o  +I00 Mesh F r a c t i o n  
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FIGURE 6. Uranium conten t  i n  Lake Sediments, . -100 Mesh F r a c t i o n  
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FIGURE 7. Uranium Content i n  Lake Sediments,-100 t o  +200 Mesh F r a c t i o n  
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FIGURE 8. Uranium Content i n  Lake Sediments, -200 Mesh F rac t i on  
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FIGURE 9. Stream Sampling S i t e  Locat ions 
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FIGURE 10. Uranium Content i n  Stream Water 
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FIGURE 11. Uranium Content in Stream Sediments, -40 t o  +I00 Mesh Fraction 



FIGURE 12. Uranium Content i n  Stream Sediments, -100 Mesh ~ r a c t i o n  



FIGURE 13. Uranium Content i n  Stream Sediments,  -100 t o  +200 Mesh Frac t ion  
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FIGURE 14. Uranium Content in Stream Sediments, -200 Mesh ~ r a c t i o n  



TABLE 1. ANALYTICAL DATA FOR GROUND WATERS 

SAMPLE U AL 8R CL DY F MN NA V -  EH PH ALKALIN CONDUCT OXYGEN AMMONIA PHOSPllAT NITRATE SULFATE DEPTH 



TABLE 1. ANdLYTICAL DATA !FOR GROUND WATERS 

SAMPLE U AL BR C L  DY . F MN NA V EN PH ALKALIN CONDUCT OXYGEN AM'I . l#IA PHOSPHAT NITRATE SULFATE DEPTH 



TABLE 2 .  

ALKALIN CONDUCT 

WATERS 

OXYGEN 

5 . 3 4  
3 .28  
4 . 1 9  
5 . 9 8  
4 . 3 9  
9 . 5 8  
4 . 7 1  
4 . 5 8  
4 . 6 2  
4 .42  
4 . 4 5  
4 . 2 8  
4 . 3 6  
4 . 6 0  
4 .36  
3 . 7 4  
2 . 3 5  
8 . 1 0  
3 . 6 5  
3 . 7 7  
4 .54  
3 . 4 2  
4 . 3 1  
4 . 2 5  
5 .77  
4 . 1 5  
3 .67  
2 . 6 6  
4 . 5 5  
3 .50  
3 .70  
4 . 4 5  
4 . 2 3  
3 . 6 8  
5 . 1 6  
2 . 2 6  
4 . 1 2  
4 . 2 8 .  
3 . 7 8  
4 . 2 1  
4 . 5 3  
3 . 9 6  
4 . 5 6  
5 . 7 2  
4 . 3 1  
Q . 8 1  
3 .82  
3 . 7 9  

AMMONIA PllOSPHA NITRATE 

M 
M  
M 
M 
M  
M  
M 
M  
M  
M  
M 
fi 

0 . 0 1  
M  
M 
M  

0 . 0 4  
M 

0 . 0 3  
0 . 0 2  
0 . 0 3  

M 
M 

0 . 0 1  
0 . 1 0  
0 . 0 1  
0 . 0 6  
0 . 0 6  
0 . 0 6  

M 
M 
m 

0 . 0 1  
M  

0 . 4 7  
0 . 2 1  
0 . 0 2  
0 . 0 4  

M 
0 .07  
0 . 0 7  
0 . 0 6 .  

M  
M 

0 .03  
0 . 0 1  

M  
0.10 

SULFATE DEPTtl 



SAKPLE STYPE U  

0 6 0  S  6  0 . 5  
0 6 3  S  7  2 . 2  
06.0 S  8  1 . 5  
0  60  S  9  4 .3  
080 S  6  1 4 . 8  
0 8 0  S7 14.4 
080 S8 0.7 
080 5 9  1 .8  
0 8 1  . S6 0  - 4  
08.1 S  6  3  - 2  
08.1 S  7  0.9 
0  8 1  5 7  4.7 
0 8 1  S8 11 - 2  
0 8 1  S8 4  - 5  
0 8 1  5 9  8 - 2  
0 8 1  5 9  5  - 2  
0 8 5  5 6  5 .5  
0 8 5  5 7  9 . 7  
0 8 5  S  8  7 . 9  
0 8 5  5 9  9 . 9  
085 S  6  1 2 . 4  

TABLE 3. ANALYTICAL DATA FOR LAKE SEDIMENT SAMPLES (PPK)  

DY EU FE HF LA LU MN NA SC 

1.1 .M 4 1 8 0  2  9  M  - 300 8 3 3 0  1 . 6  
M  M  5 0 4 0  1 3  1 3  0.5 2 4 0  6 5 9 0  2 . 6  

0.6 M  3 1 9 0  7  1 3  M  4 9 0  1!310 4 . 7  
3.0 0.4 5 1 3 0  2 4  2 8  1 . 5  4 4 0  , 1 9 0  4 . 1  
2.4 1 . 2  4 5 3 0  2  2 1  M  4 7 0  2 4 1 0  5 . 0  
3 . 1  0 . 8  6 3 5 0  1 1 3  0 . 7  5 5 0  3 3 9 0  2 .9  
H M 4 4 1 0  3  8  M  1 2 0  7 3 4 0  1 . 8  

2 . 9  0 . 2  3 9 1 0  9 1 6  0.7 1 2 0  5 3 9 0  5 . 0  
1 . 4  1.1 M M 4 M  6 0  7 8 6 0  1 . 9  
1 . 2  M M  2  3 1  M  1 1 0  5 7 1 0  3.7 
2 . 1  M .  1 6 7 0  3  1 3  M  1 3 0  6 5 9 0  3 . 1  
2 . 1  1 . 8  5 7 7 0  5  3 5  M  1 1 0  3 9 6 0  3 . 1  
2 . 3  0 . 4  6 3 6 0  1 1 8  M 4 4 0  2 4 4 0  2 . 5  
3 . 1  0 . 2  8 0 8 0  3  3 2  M  1 0 0  3 9 2 0  6 . 5  
2 . 2  M  3 0 1 0  M 1 0  0 . 5  3 8 0  2 5 6 0  1 . 4  
1 .8  M 4 2 3 0  4  3 9  M  7 0  2 6 6 0  6 . 8  
2 . 1  M 6 9 9 0  2 1 5  M  1 7 0  6 5 6 0  2 . 2  
1 . 2  0 . 1  5 7 1 0  6  2 2  0.6 2 6 0  5 6 2 0  3 . 0  
1 . 4  1 .7  1 0 4 4 0  4 30  M  2 5 0  6 8 4 0  5 . 8  
1 . 9  0 . 4  6 5 5 0  7  2 7  0 . 5  2 3 0  6 2 6 0 .  3 . 0  
2 . 3  0.5 1 0 5 9 0  4  26  M  2 4 0  5 3 0 0 - ' 4 . 7  



TABLE 3.  ANALYTICAL DATA FOR LAKE SEDIMENT SAMPLES (PPM)  

SAMPLE STUPE U TH AL CE DY EU F E  H F  LA L U  MN NA SC SM T I  V YB L O 1  



TABLE 4 .  ANALYTICAL CATA FOR STREAM WAlERS 

SAMPLE U 4L  B R  CL DY F f lN  - NA V EH PH ALKALIN CONDLCT 0XYl;EH bMMONIA PHOSPHAT N I T R A T E  SULFATE 



TABLE 4. ANALYTICAL DATA FOR STREAM WATERS 



TABLE 5 .  A N C L I T I C A L  ;DATA FOR STREAM SEDIMENT SAMPLES ( P P M I  

SAMPLE STYPE U Y H  AL CE DY EU FE HF LA LU NN MA SC SM T I  V YB L O 1  



TABLE 5 .  ANALYTICAL DATA FOR STREAM SEDIMENT SAMPLES (PPM)  

SAMPLE 5TYPE U TH AL - CE . DY EU . F E  HF LA L U  MN . NA SC SM T I  V, YB L O 1  



TABLE 5. ANALYTICAL DATA FOR STREAM SEDIMENT SAM.?LES ( P F M )  

SAPPLE STYPE U TH AL CE D I  EU F E  H F  LA L U  MN NA SC SM T I  V YB L O 1  

109 
109 
109 
109, 
11 1 
11 1 
111 
111 
113 
113 
113 
11 3 
113 
113 
113 
11.3 
14 4 
ll? 
114 
114 
115 
115 
115 
115 
11; 
117 
111 
117 
117 
117 
117 
117 
115 
118 
11s 
118: 
11 9 
119, 
119l 
119 
11 9 
119 
11 9 
119 
120 
120 
120 
120 
120 
120 
120 
120 
121 
121 
121 
121 

0.8 
1.8 
1.8 
0.5 
0.7 
2.9 
2.2 
5'. 0 
0.6 
111 
1.2 
1.7 
1.9 
1.2 
1.6 
1.3 
n 
1.1 
2.0 
1.6 
2.9 
3 - 9  
4.3 
4 . 6  
n 
1.2 
1.1 
3.0 
1.3 
1.4 
1.9 
2.7 
2.0 
2.5 
2.5 
3.5 
0.3 

M 
3.9 
0.8 
3.1 
2. + 
3.5 
3.1 
8 . 9  
2. ? 
1.1 
2.9 
3.4 
3.5 
2.0 
3.5 
I.. 
2.6 
2.1 
5.1 



... TABLE 5 .  ANALYTICAL DATA.FOR STREAM SEDIMENT SAMPLES (PPM) 

SAMPLE STYPE , u TH A L  CE DY .EU FE HF L A  L U  MN NA sc SM 



TABLE 5 .  ANkkYTICAL D A l A  FOR STREAM SEDIMENT SAMPLES dPPPM 

SAMPLE STYPE U ' I N  A 1  CE DY EU FE ,HF L l .  L U  MN N b  SC SM T I  V YB L O 1  




