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BENCH TESTING OF SILICA SAND FROM 

DEPOSITS I N  CLATSOP AND MORROW COUNTIES, OREGON 

by 

J e r r y  J. Gray 

INTRODUCTION 

Summary 

S i l i c a  sand samples were c o l l e c t e d  f r o m  s i x  d e p o s i t s  i n  C l a t s o p  and 

Morrow Count ies .  F i g u r e  1 shows t h e  l o c a t i o n  o f  t h e  two  s a m p l e - l o c a t i o n  

maps. Each sample was assayed, s i zed ,  magne t i c  and g r a v i t y  separa ted ,  and 

re-assayed.  The ma in  c o n c l u s i o n  o f  t h i s  s t u d y  i s  t h a t  a  s i l i c a  sand 

p r o d u c t  can be produced f r o m  t h e  t h r e e  d e p o s i t s  i n  C l a t s o p  County.  The 

s i l i c a  f r a c t i o n s  o f  t h e  samples ( 31  t o  40  p e r c e n t  o f  t h e  t o t a l  sample) 

f r om  t h e s e  t h r e e  d e p o s i t s  range  f r o m  94.0 t o  96.7 p e r c e n t  S i 02  and f r o m  

0.44 t o  0.45 p e r c e n t  Fe20j. 

S tudy  L i m i t a t i o n s  

Fo r  t h i s  reconna issance  s t udy ,  o n l y  one sample f o r  assay i ng  and t e s t i n g  

was c o l l e c t e d  f r o m  each o f  s i x  d e p o s i t s .  To make d e f i n i t i v e  s t a t emen ts  abou t  

any m i n e r a l  d e p o s i t ,  a t  l e a s t  t h r e e  samples mus t  be t a k e n  f r o m  each d e p o s i t .  

From t h e s e  one c o u l d  o b t a i n  t h e  mean and v a r i a n c e .  W i t hou t  t h e s e  two 

s t a t i s t i c s ,  t h e r e  i s  no s t a t i s t i c a l  way t o  t e l l  how r e p r e s e n t a t i v e  t h e  sampl ing 

had been. 

The sample a n a l y s i s  was by  X- ray  f l u o r e s c e n c e ,  a  t e c h n i q u e  t h a t  i s  s u i t a b l e  

f o r  r econna i  ssance-1 e v e l  s t udy .  H igher -1  eve l  s t u d y  would r e q u i r e  a n a l y s i s  

by o t h e r  means. The samples were n o t  t e s t e d  t o  see i f  a  s i l i c a  p r o d u c t  c o u l d  

be o b t a i n e d  u s i n g  f l o t a t i o n  as t h e  method o f  b e n e f i c i a t i o n .  The samples were 



Figure 1 .  Index map showing loca t ion  of Clatsop County sample-location map 
(Figure 2 )  and Morrow County sample-location map (Figure 3 ) .  



n o t  s tud ied  p e t r o g r a p h i c a l l y ,  a l t hough  i t  i s  recognized t h a t  f o r  some uses o f  

s i l i c a  sand a few g r a i n s  o f  r e f r a c t o r y  m i n e r a l s  such as corundum, k y a n i t e ,  o r  

z i r c o n  would be d e t r i m e n t a l  f o r  a f i n a l  p roduct .  The samples were s imple grab 

samples. There were no d e t a i l e d  g e o l o g i c a l  s t u d i e s  o f  t h e  d e p o s i t s  a v a i l a b l e  

t o  gu ide  sampling. No a t tempt  was made t o  examine t h e  economics and/or markets 

f o r  t h e  sample s i t e s .  

Cooperator/ Funding 

T h i s  s tudy  was a coopera t i ve  e f f o r t  by t h e  Department, t h e  P o r t  o f  Morrow, 

t h e  Minera l  Resource I n s t i t u t e  o f  t h e  U n i v e r s i t y  o f  Alabama, and a p r i v a t e  

i n d u s t r i a l  f i r m .  The Department c o l l e c t e d  t h e  samples, t h e  M ine ra l  Resource 

I n s t i t u t e  performed t h e  bench t e s t i n g ,  t h e  P o r t  o f  Morrow prov ided t h e  fund ing  

($2,500) f o r  t h e  bench t e s t i n g ,  and t h e  i n d u s t r i a l  f i r m  used X-ray f luorescence 

t o  assay t h e  raw sand samples and t h e  s i l i c a  f r a c t i o n  o f  these samples. 

Ac know1 edgmen t s 

The people d i r e c t l y  i nvo l ved  w i t h  t h i s  s tudy  were Wayne L. Schwandt, Manager, 

P o r t  o f  Morrow, and Dr. R. Bruce T ipp in ,  D i r e c t o r ,  and Dr. W.E. Lamont, Research 

assoc ia te ,  Minera l  Resource I n s t i t u t e .  R ichard  Schul berg o f  t h e  Oregon Economic 

Development Department was i ns t rumen ta l  i n  a r rang ing  t h e  fund ing  f rom t h e  P o r t  

o f  Morrow f o r  t h e  bench t e s t i n g .  

DEPOSITS DESCRIPTION 

The l o c a t i o n s  o f  t h e  f i r s t  t h r e e  sample s i t e s  a re  i n  C la tsop County and a re  

shown on F igu re  2. The sample s i t e s  a re  a l l  i n  an upper Miocene sandstone 

shown by t h e  shading on F igu re  2. The t o t a l  u n i t  i s  f rom 500 t o  1,000 ft t h i c k .  

The lower  p a r t s  o f  t h e  u n i t  c o n s i s t  o f  f r i a b l e ,  coarse-  t o  medium-grained, 

massive a r k o s i c  sandstone. Sample s i t e s  1 and 2 a re  i n  q u a r r i e s ,  and s i t e  3 



Figure 2 .  Clatsop County sample-s i te  l o c a t i o n s  and upper Miocene sandstone 
outcrop map? 

Scal e 1 : 250,000 

1 Sample s i t e  o 

Upper Miocene sandstone 

*Geology taken from Beau1 i e u ,  J.D., 1973, Environmental geology 
of i nl and Ti 11 amook and Cl a t sop Counties,  Oregon: Oregon 
Department of Geology and Mineral I n d u s t r i e s  Bu l le t in  79 ,  65  p .  



i s  a  r o a d s i d e  o u t c r o p .  M a t e r i a l  f r o m  s i t e  1 i s  be i ng  used f o r  c o n s t r u c t i o n  

f i 11. The q u a r r y  a t  s i t e  2 had been used as a  source  o f  s i  1  i c a  f o r  cement 

manufac tu re .  

The t h r e e  d e p o s i t s  sampled i n  Morrow County ( F i g u r e  3 )  a r e  f r o m  t h r e e  

d i f f e r e n t  g e o l o g i c  u n i t s .  S i t e  4 i s  i n  washed sand f r o m  an u n c o n s o l i d a t e d  

f l u v i o g l a c i a l  sand and g r a v e l  d e p o s i t  wh ich  i s  p r e s e n t l y  be i ng  mined f o r  aggrega te .  

S i t e  5 i s  i n  one o f  seve ra l  a c t i v e  dunes i n  t h e  a rea .  S i t e  6 i s  i n  g l a c i a l -  

1  ake s i l t  and sand. 

A1 1  s i x  samples t a k e n  r e p r e s e n t  l a rge - t onnage  resou rces .  The l e g a l  

d e s c r i p t i o n s  o f  t h e  sample s i t e s  a r e  g i v e n  i n  t h e  f o l l o w i n g  t a b l e :  

Tab le  1. Sample S i t e  Lega l  D e s c r i p t i o n  

F i g u r e  1 o r  2 
S i t e  Number County  

1 C l  a t s o p  

2 C l a t s o p  

3 C l a t s o p  

4 Morrow 

5 Morrow 

6 Morrow 

Sample Type Township Range S e c t i o n  . - -  !Z S e c t i o n  - 

Sandstone 8 N  7 W 8 N E 

Sandstone 8 N  6 W  19 NW 

Sandstone 7 N 6W 6 SE 

Washed sand  4 N 25E 10 N E 

Dune sand 4 N 25E 2 0 S W 

G l a c i a l  -1 ake 3N 26E 2 9 NW 
sed iments  

SAMPLE QUALITY 

Ma rke t s  f o r  s i l i c a  sand have v a r y i n g  s e t s  o f  s t anda rds  i n c l u d i n g  t h e  

a l l o w a b l e  ranges  f o r  g r a i n  s i z e  and chemica l  c o n t e n t .  F o r  compar isons i n  

t h i s  s tudy ,  t h e  Depar tment  assumed a  s e t  o f  s t anda rds  t h a t  shou ld  meet t h e  



Figure 3. Morrow County sample-si t e  loca t ions  and f luviogl  ac ia l  , sand dune, and 
g lac ia l  - lake sediment deposi t s  map.* 

Scale 1:250,000 

Sample s i t e  o 6 

// F1 uvioglacial  deposi t  I -1 Sand dune Glacial - lake 
deposi t  

* Geology taken from Walker, G.N., 1973, Reconnaissance geologic map 
of the  Pendl eton quadrangle, Oregon and Washington: U .S. Geological 
Survey Miscell aneous Geologic Invest igat ions  Map 1-727. 



most s t r i n g e n t  s i l i c a  sand markets. The Department assumed t h a t  a l l  t h e  sand 

g r a i n s  must be sma l l e r  than 20 mesh, o n l y  one percent  can be l a r g e r  than 30 mesh, 

and o n l y  f i v e  percent  can be sma l l e r  than 140 mesh. The Department a1 so 

assunied t h a t  t h e  s i l i c a  con ten t  o f  t h e  sand should be a t  l e a s t  98 percent  and 

t h e  i r o n  c o n t e n t  should be l e s s  than 0.04 percent .  

The samples were d r i e d ,  assayed, and screened. The assaying was done i n  t h e  

l a b o r a t o r y  o f  an i n d u s t r i a l  f i r m  t h a t  uses X-ray f l uo rescence  f o r  assaying samples 

taken f o r  process and qua1 i t y  c o n t r o l  o f  t h e  f i r m ' s  raw m a t e r i a l s  and ou tpu t .  

Table 2 con ta ins  t h e  assay data  f o r  each sample and t h e  assumed s p e c i f i c a t i o n s  

f o r  comparison. The raw sand samples d i d  n o t  meet t h e  assumed s i l i c a  s p e c i f i c a t i o n s  

and were w e l l  over  t h e  assumed i r o n  s p e c i f i c a t i o n s .  Table 3  shows t h a t  t h e  

weight  percent  o f  sand g r a i n s  t h a t  were assumed t o  be t o o  coarse o r  t o o  f i n e  

ranged f rom 10.2 percent  f o r  t h e  dune d e p o s i t  t o  60.1 percent  f o r  t h e  g l a c i a l - l a k e  

sediment. 



Tab le  2. Raw sample assay d a t a  
compared t o  assumed s p e c i f i c a t i o n s  

- . - -- -- 

Raw sample c h e m i s t r y  ( w e i g h t  p e r c e n t )  
-- -- - Assumed 

Ma jo r  F i g u r e  2 sample s i t e s  
o x i d e s  I s p e c i f i c a t i o n s  6 I 

CaO --- 1.57 1.27 1.20 3.39 3.07 3.53 

Na20 ---  1.12 1.10 0.43 1.90 1.50 1.67 

K2 
- - - 2.11 2.31 2.34 1.97 1.98 1.E6 

S03 
--- 0.19 0.20 0.24 0 .0  0.9 0.02 

- -- - - - -. - - 

TOTAL 98.04 99.59 101.77 101.41 97.42 97.45 96.65 



Tab le  3. D ry  s i z e  ana lyses  o f  raw sand samples 

-- -- .- / Raw sample s i z e  f r a c t i o n s  ( w e i g h t  p e r c e n t )  

P lus  20 10.9 1.0 2.8 32.3 0.2 0.3 

Size,  Mesh* 

Too coarse 26.5 12.7 12.6 43.9 2.6 0.4 

C o r r e c t  s i z e  66.4 80.3 75.3 54.3 89.8 39.9 

F i g u r e  2 sample s i t e s  
1 2 3 

150/200 3.0 1.9 3.3 1.1 6.0 34.5 

Minus 200 4.1 5.1 8.8 0.7 1.6 25.2 

F i g u r e  3 sample s i t e s  
1 2 3 

----  

Too f i n e  7.1 7.0 12 .1  1.8 7.6 59.7 

TOTAL REJECT 33.6 19.7 24.7 45.7 10.2 60.1 

Composite 100.0 100.0 100.0 100.0 100.0 100.0 

* T y l e r  s e r i e s ,  15 m inu tes  on RoTap. 



BENEFICIATION TESTING AND RESULTS 

Very few s i l  i c a  sand d e p o s i t s  can d i r e c t l y  produce m a t e r i a l  t h a t  can be 

used i n  i n d u s t r y .  Whether o r  n o t  a  d e p o s i t  c o u l d  be a  commercial s u p p l i e r  

o f  s i l i c a  sand may depend l e s s  on t h e  raw sand assays t han  on ease o f  

b e n e f i c i a t i o n  and a v a i l a b l e  marke ts  f o r  t h e  r e j e c t  m a t e r i a l .  The M i n e r a l  

Resource I n s t i t u t e  sub jec ted  t h e  -28/+150 mesh f r a c t i o n  (Tab le  3 )  o f  t h e  

s i x  samples t o  wet sc rubb ing  t h a t  removed t h e  c l a y s ,  t h r e e  s tages  o f  h i gh -  

i n t e n s i t y  magnet ic  sepa ra t i on ,  and t h r e e  stages o f  heavy l i q u i d  sepa ra t i on .  

Other  b e n e f i c i a t i o n  t echn iques  such as f l o t a t i o n  were n o t  t r i e d .  F l o t a t i o n  

would be t h e  b e n e f i c i a t i o n  t echn ique  used i n  a  commercial  s i z e  p l a n t .  

The nonmagnetic p o r t i o n  o f  each sample was s p l i t  i n t o  t h r e e  f r a c t i o n s :  

( 1 )  t h a t  wh ich  sank i n  2 . 7 - s p e c i f i c  g r a v i t y  ( sp .g r . )  l i q u i d ,  ( 2 )  t h a t  wh ich  

f l o a t e d  i n  2.7- b u t  sank i n  2.6-sp.gr .  l i q u i d  ( s i l i c a  f r a c t i o n ) ,  and 

( 3 )  t h a t  which f l o a t e d  on 2.6-sp.gr .  l i q u i d .  Tab le  4 i n d i c a t e s  t h e  f r a c t i o n  

o f  sand, by we igh t  pe rcen t ,  t h a t  was nonmagnetic and had a  s p e c i f i c  g r a v i t y  

o f  q u a r t z  ( s i l i c a )  o f  b o t h  t h e  t o t a l  sample and t h e  -28/+150 mesh p o r t i o n  of 

t h e  t o t a l  sample. Tab le  4 i n d i c a t e s  t h a t  f r om 93.8 t o  61.1 pe rcen t  of t h e  

mine- run  sand would have t o  be r e j e c t e d  t o  produce a  s i l i c a  f r a c t i o n .  The 

r e j e c t e d  m a t e r i a l  was m o s t l y  c l a y  and f e l d s p a r .  

The s i l i c a  f r a c t i o n  o f  each sample was assayed by X- ray  f l uc rescence .  

As Tab le  5 shows, t h e  t h r e e  samples f r om C la t sop  County were c l o s e  t o  t h e  

assumed s i l  i c a  sand s p e c i f i c a t i o n s .  The s i l  i c a  percentage was 4 pe rcen t  1  ow, 

and t h e  i r o n  c o n t e n t  was t o o  h i g h  by a  f a c t o r  o f  10. 

CONCLUSIONS AND RECOMMENDATIONS 

A l though t h e  sandstones can be cons ide red  a  p o t e n t i a l  s i l i c a  sand source,  

a  much more i n - d e p t h  s tudy  must  be made b e f o r e  any d e c i s i o n  can be made on t h e  



Tab le  4.  S i l i c a  f r a c t i o n  p e r c e n t  of  t h e  t o t a l  sample 
and o f  t h e  -28/+150 mesh p o r t i o n  o f  t h e  t o t a l  sample 

-28/+150 mesh 
p o r t i o n  o f  
raw sample 45.9  49.7 46.3 29.9 39.8 13.4 

Raw sample 3 1 . 8  38 .9  30 .9  18 .5  34 .6  6 . 2  

+ 

Sampl e  t y p e  

R e j e c t  p o r t i o n  
o f  raw sample 68.2 61 .1  69.1 81 .5  65 .4  93 .8  

T a b l e  5. S i l i c a  f r a c t i o n  assay d a t a  
compared t o  assumed s p e c i f i c a t i o n s  

S i l i c a  f r a c t i o n  ( w e i g h t  p e r c e n t )  

I , P,sc;?imi.d I Si  1 i c a  f r a c t i o n  c h e m i s t r y  ( w e i g h t  p e r c e n t )  
I 

\ 
M a j o r  F i g u r e  2 sample s i t e s  I F i g u r e  3 sample s i t e s  
o x i d e s  / s p e c i f i c a t i o n s  i 2 3 I 4 5 6 .--I j 

F i g u r e  2  sample s i t e s  

1 2 3 

Si02 

2'3 

T i 0 2  

Fe203 

CaO 

Mg 0 

F i g u r e  3 sample s i t e s  

4 5 6 
-- 

TOTAL 



s u i t a b i l i t y  o f  these sandstones as a  source o f  s i l i c a .  

The sandstones need t o  be t e s t e d  b~y f l o t a t i o n  t o  see i f  as good o r  b e t t e r  

s i l i c a  product  can be produced by t h i s  method than by t h e  use o f  heavy 1  i q u i d s .  

An i n -dep th  s tudy  should cover t h e  v a r i o u s  s i l i c a  sand markets, each w i t h  

d i f f e r e n t  s p e c i f i c a t i o n s ,  and a l s o  t h e  markets f o r  t h e  60 t o  70 percent  o f  

t h e  sand g r a i n s  t h a t  a r e  r e j e c t e d  f rom t h e  s i l i c a  f r a c t i o n .  The r e j e c t  i s  

m o s t l y  c l a y  and f e l d s p a r ,  bo th  o f  which a r e  used i n  t h e  ceramic i n d u s t r y .  

More c o n t r o l  i s  needed i n  terms o f  geo log i c  mapping, sampl i n g  s t r a t e g y ,  l a b  

procedures, and q u a l i t y  c o n t r o l .  


