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GEOLOGICAL F I E L D  G U I D E  TO THE 

CEDAR P O I N T  B I O L O G I C A L  S T A T I O N .  K E I T H  

COUNTY. NEBRASKA 

B v  

R .  F .  D i f f e n d a l .  Jr. & R o g e r  P a b i a n  

C o n s e r v a t i o n  & S u r v e y  D i v i s i o n  

U n i v e r s i t y  o f  N e b r a s k a  - L inco ln  

R e v i s e d  F e b r u a r y  1993 

- 1 -



PREFACE 

This f i e l d  guide was ~ r o d u c e d  by s t a f f  members o f  the 

Conservation and Survey D i v i s i o n  o f  the U n i v e r s i t y  o f  Nebraska 

o r i g i n a l l y  i n  1979 a t  the reauest of  D r .  Brent  N icko l .  former 

D i r e c t o r  o f  the Cedar Po in t  B i o l o g i c a l  S ta t ion .  I t  is an 

i n t r o d u c t i o n  t o  the geologic o h i s t o r y  and paleoecologv o f  the 

Cedar Po in t  area intended f o r  students. s t a f f ,  and other  

wersons us ing  the came. This r e v i s i o n  has been made some 15 

years a f t e r  the f i r s t  vers ion t o  r e f l e c t  changes i n  ideas 

r e s u l t i n g  from n e w  data c o l l e c t e d  dur ing  t h a t  time. 

Users o f  t h i s  guide should take care when s tudy ing ' thp 

rock exposures described here in  because t raverses up the 
-. 

s lopes and beneath overhanging ledges can be dangerous. 

Ratt lesnakes, t i c k s ,  and woison i v y  are  a d d i t i o n a l  hazards 

encountered from time t o  time. 
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INTRODUCTION 

Put vourse l f  i n  the boots o f  a geo log i s t  du r ing  your 

p a r t i c i w a t i o n  i n  the f i e l d  t r i p  o u t l i n e d  on the f o l l o w i n g  pages. 

Ask some o f  the quest ions t h a t  a geo log is t  might ask a& he 

s tud ies  the rocks and sediments bath on the camp proper ty  and 

f a r t h e r  a f i e l d .  I s  there anyth ing about the  rocks and sediments 

thak might i n d i c a t e  where t h e i r  source was located? What 

mechanism brought them t o  the camp area ( e - g . .  streams. wind)? 

What environmental cond i t i ons  obtained here dur ing and a f t e r  

t h e i r  deposi t ion? Are there any f o s s i l s  ( rerr~ains o f  organisms 

t h a t  l i v e d  i n  the wast) i n  these rocks and i f  there are, what 

organisms do thev represent? How o l d  are the rocks and sediments 

i n  the camp area? The answers t o  such quest ions w i l l  a l l ow  you 

t o  draw conclus ions about the geologic h i s t o r y  and paleo'ecologv 

o f  the area. 

GEOLOGIC FIELD GUIDE TO CEDAR POINT CAMP 

Le t  us begin our study o f  the geology o f  Cedar Po in t  Camp on 

the f r o n t  s teps of the D in ing  H a l l .  I f  you look t o  the eas t  and 

southeast you can see a s e r i e s  o f  d iscont inuous rock ledges which 

a re  covered i n  wlaces by younger deposi ts  der ived from eros ion o f  

these o lde r  rocks. Sandwiched i n  between the  rock ledges a re  

l a y e r s  o f  s o f t e r  sediment p r i m a r i l y  composed of sand and s i l t  

w i t h  l o c a l  concentrat ions o f  coarser-grained gravel .  

If you walk t o  the east  end of  the D in ing  H a l l  and l ook  

n o r t h  across the f l o o d  p l a i n  of the Nor th  P l a t t e  R iver  you can 
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see the beginning o f  the Nebraska Sand H i l l s .  a reg ion o f  

grass-covered sand dunes occupying about one-s ix th  o f  the area o f  

the s t a t e .  Not ice  t h a t  there are  no obvious prominent ledges o r  

deep v a l l e y s  on the Sand H i l l s  s ide  o f  the va l l ey .  Both the Sand 

H i l l s  and the Nor th  P l a t t e  Val ley are r e l a t i v e l y  young 

g e o l o g i c a l l y  and together can obscure the view o f  the geologic 

deve lo~ment  o f  t h i s  p a r t  o f  Ke i th  County. 

Imagine a t ime i n  the past  when the rock ledges and s o f t e r  

sediments extended t o  the nor th  across what i s  now the r i v e r  

v a l l e y  and beneath the sands of the Sand H i l l s  and you w i l l  have 

a p i c t u r e  o f  .what t h i s  area would have looked l i k e  be fo re  the 

dunes' formed land the . va l l ey  was carved. D r i l l i n g  by the 

Conservat ion and Survey D i v i s i o n  o f  UNL t o  the no r th  o f  the camp 
. . 

has proven t h a t  these rocks ledges are bu r i ed  beneath the Sand 

H i l l s  and, there fore .  probably extended across the present  r i v e r  
* -  

v a l l e y  a t  some t ime i n  the past.  

. Now t h a t  we have looked a t  the general p i c t u r e  o f  the 

geology of the camD l e t ' s  take a c loser  look  a t  the rocks 

themselves. Walk south along the f l o o r  o f  the major v a l l e y  south 

of thee camp park ing  l o t  t o  the rock exposures o n ' t h e  east  s ide  

o f  the v a l l e y  designated on Figure 1 as exposure #1. These 

outcrops are  loca ted  where the i n t e r m i t t e n t  stream bed c u t s  

s i g n i f i c a n t l y  i n t o  the rocks on the east s i de  o f  the v a l l e y  f o r  

the f i r s t  t ime as you walk south. 

You are  standing a t  the base o f  exposure 1 l ook ing  a t  
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hor izons 1 and 2. About 40'  above you are t.he f i r s t  rocks t ha t  

form prominent ledges which s t i c k  ou t  from the rock face. The 

lowest of these ledges i s  the base o f  hor izon 3. I f  you work 

your way c a r e f u l l y  up the s lope on the east'  s ide o f  the v a l l e y  

you should be ab le  t o  p i c k  ou t  most o f  the o ther  twelve horizons 

descr ibed below. Horizon 13. a layer  w i t h  many rough. o f t e n  

v e r t i c a l l y  d i rec ted .  so -ca l led  " r o o t  casts"  i n  i t .  i s  very easy t o  

f i n d  and i s  i l l u s t r a t e d  i n  greater  d e t a i l  f o r  you i n  F igure 2. 

F igure  3 i l l u s t r a t e s  the general  sequence of rocks and 

sediments from the v a l l e y  f l o o r  t o  the top o f  the h i l l s i d e  on the 

east  s i de  o f  the va l ley .  A general  desc r i p t i on  o f  the sequence 

from i t s  base t o  i t s  top . fo l lows.  

STRATIGRAPHIC SEQTION AT EXPOSURE #1 - CEDAR POINT CAMP. FROM 
FLOOR OF CANYON - EAST S I D E  - FIRST MAJOR SECTION. 

Oligocene-White River  Group, B ru le  Formation 

Horizon 1. S i l t  - dry-gray ish orange, wet-moderate ye l low ish  
brown: Glocky, massive on f r esh  exposures. v e r t i c a l  
f r a c t u r i n g  common: brecc ia ted w i t h  s l i g h t l y  harder 
c l a s t s  standing ou t  from face i n  r e l i e f .  i n d i v i d u a l  
c l a s t s  up t o  1.75" . i n  diameter. 3 ' .  

Hor izon 2. S i l t  - dry-gray ish orange, wet-moderate ye l lowish '  
brown: b locky,  massive w i t h  v e r t i c a l  f r a c t u r i n g .  
common. Po ta to -sha~ed concret ions common throughout: 
concret ions a re  v e r t i c a l l y  elongate, l ime  r i c h .  and 
associated w i t h  j o i n t i n g .  35'. 

Miocene-Ogallala Group, Ash Hollow Formation 

Horizon 3. S i l t  - dry-.grayish *range p ink .  w e t - l i g h t  brown; w i t h  
hard ledges up to  8" t h i c k  i r r e g u l a r l y  interbedded; 
ledges d i e  o u t  l a t e r a l l y ;  no concret ions. 6'. 

Horizon 4 .  a. Very f i n e  sand - wet and dry-grayish yel low.  2'3". 
b. Very f i n e  sandstone ledge - gray ish yel low;  some 

smal l  granules and pebbles scat tered throughout: 
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conta ins f o s s i l  hackberry seeds (endocarps). 10". 
c.  Fine sand - dry-yel lowish gray. 1'5". 
d. Fine sandstone - ye l low ish  gray. poor l y  cemented. 

, some l i g h t e r  sandstone b lebs sca t te red  wide ly  
throughout: a l so  a few widely spaced v e r t i c a l  
white ve in  f i l l i n g s :  hackberry seeds. 2 ' 4 " .  
Moving south approximately 100' upper I' o f  4d i s  
blocky and s i l t y  w i t h  harder h o r i z o n t a l  and 
v e r t i c a l  concret ions. 

Hor izon 5. Very f i n e  sandy s i l t  - d r y - l i g h t  brown, wet-moderate. 
ye l low ish  brown: massive w i t h  w ide ly  sca t te red  
l i g h t e r  concret ions. 2 ' .  

Hor izon 6. Sandstone - d ry -p ink ish  gray; weathers gray; ledge 
former, poor l y  cemented, some granules present.  2 ' .  

Hor izon 7. a. Sand - d r y - l i g h t  brown: -massive.. 3 '4" .  
b. Sandstone - l i g h t  brown: p o o r l y  cemented. 1'6". 
c .  Sand - l i g h t  brown, 2 ' 4 " .  

Hor izon 8. Sandstone - dry-grayish orange; poo r l y  sor ted,  poor l y  
cemented; some gran i te-der ived granules and pebbles 
present throughout; some i r r e g u l a r  concret ionary 
masses an'd roo t  tubules: poor ledge former i n  ,basal 
5 ' .  9'6",. , 

Hor izon 9. F ine sand and s i l t  - d r y - l i g h t  brown w i t h  p i n k i s h  
gray; l imey interbeds a t  base; some sands con ta in  
s l i g h t l y  ,darker o r  l i g h t e r  i n t r a f o r m a t i o n a l  c l a s t s  
and some g r a n i t i c  granules and pebbles: massive 
ledges up to  2 '  t h i c k  toward top; tubules and 
concret ions i n  upper few f e e t .  21'. 

Hor izon 10. Sand, f i n e  sand - dry-moderate orange p ink  t o  l i g h t  
brown; occasional ledges usua l l y  f i ne r -g ra ined ;  
mot t led  appearance i n  bottom 2 ' .  23'. 

Hor izon 11. Sand and g rave l  - g r a n i t i c ;  maximum c l a s t  s i z e  1" or 
more: grades upward i n t o  f i n e  s i l t  w i t h  " f l o a t i n g "  
pebbles: grades l a t e r a l l y  i n t o  pebbly sand. 1 '2" .  

Hor izon 12. Sand - d r y - l i g h t  brown; mot t led  a t  t.op w i t h  w ide ly  
sca t te red  g r a n i t i c  pebbles up t o  1" long; some 
poo r l y  developed v e r t i c a l  j o i n t i n g  i n .uppe r  4'. 20'. 

Hor izon 13. Sand - d r y - l i g h t  brown; conta ins  many so-ca l led  " roo t  
casts" ,  tubules, and concret ions. 6'6" (on west s ide  
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o f  canyon d i v i des  i n t o  two w e l l  de f ined ledges 
separated by s o f t e r  rock) . 

Hor izon 14. Sand and sandstone - dry-moderate orange p ink ,  darker 
m o t t l i n g  i n  places; .forms ledges occas iona l ly ;  has 
widely scat tered tubules, g r a n i t i c  granules. and 
f o s s i l  hackberry seeds throughout. 18' .  

Pliocene-Sediments equivalent  i n  age t o  the Broadwater Formation. 

Hor izon 15. Sand and grave l  - g r a n i t i c ;  w i t h  f o s s i l  ~ o o d ~ c l a s t s  
up t o  4 "  .or  longer.  5 '  - 10 ' .  

From the' top of  the h i l l  i f  you look S ,700   across the next 

v a l l e y  t o  the east yo'u w i l l  j ee  an eroded c u t  on the east 

h i l l s i d e .  Our sec t ion  w i l l  cont inue there.  To get  there walk 

south  along t h i s  h i l l t o p  d i v i d e  separat ing the two va l leys .  As 

you walk n o t i c e  (1 )  the p o s i t i o n  of  the " r o o t  castU..bed 

outcropping on the east s i de  of the v a l l e y  t o  the east,  (2 )  the 

way the coarse sand and g rave l  capping the d i v i d e  occurs as 
'.. . 

d iscont inuous knobs w i t h  f i ne r -g ra ined  rock outcropping i n  the 

i n te r ven ing  spaces, and (3)  the tan s i l t  exposure on your l e f t  

( t h i s  i s  loess)  which a l so  caps the tab le land  t o  the south. 

STRATIGRAPHIC SECTION AT EXPOSURE #2 . , 

Pliocene-Sediments equivalent  i n  age t o  the Broadwater Format5on. 

Hor izon 15. Sand and gravel-becoming f i n e  sand ( l i g h t  brown) w i t h  
scat tered pebbles a t  top. 35-40'. 

Hor izon 16. S i l t  - dry-moderate orange p ink ;  w i t h  whi te l ime'  
tubules throughout. some granules and pebbles widely 
scat tered throughout. ' 3 ' .  

P le is tocene 

Hor izon 17. Loess - tan s i l t .  about 10' .  

So f a r  you have seen fou r  geologic u n i t s  t h a t  are cont inuous 
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from one canyon t o  another: horizon 2 w i th  i t s  cha rac te r i s t i c  
' L  . 

brown, hard, potsto-shaped concretions; horizon '13, the " r oo t  

cas t "  bed: hcr izon 15, the sand.and gravel;  and the tan s i l t  of  

horizon 17. 

Return t o  exposure #1 and fo l low the stream va l l ey  south 

u n t i l ' i t  divi 'des i n  two. Walk up the h i l l  between the two 

branches of the va l l ey  t o  the " roo t  cast"  bed a t  exposure #3. 

There i s  an unusual l i g h t  gray powdery volcanic ash formation 

( u n i t  12b) exposed d i r e c t l y  beneath the " roo t  cast"  bed on ly  a t  

t h i s  l o c a l i t y  on the camp property. Co l lec t  a  small sample of  

the ash and examine i t  ca re fu l l y .  Notice that  i nd i v idua l  

p a r t i c l e s  sparkle i n  sun l igh t .  I f  you examine some of t h i s  

mater ia l  microscopical ly  back a t  the camp you w i l l  see t ha t  i t  

looks l i k e  broken glass. I t  i s  a  natura l  glass formed when 

volcanic lava cools very rap id ly .  

A f te r  you have examined the ash i n  the f i e l d  pause and 

r e f l e c t  on what you have seen so fa r .  The gravels, sands, s i l t s ,  

and t h e i r  hardened rock equivalents i n  the camp area are l i k e  

sediments deposited along the banks and i n  the channels o f  modern 

streams such as the North P l a t t e  and i t s  t r i bu ta r i es .  The s i l t s  

o f  horizon 17 capping the tableland are l i k e  windblown s i l t s  of  

the "Dust Bowl." I f  we removed the concretions from hor izon 2 

and made i t  s l i g h t l y  so f t e r  i t  would look l i k e  the same s o r t  of  

mater ia l  as t ha t  o f  horizon 17. Could both s i l t s  have 

accumulated under the same environmental condit ions? And what 
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about the vo lcan ic  ash? Where were the nearest volcanoes t h a t  

cou ld  be the sources f o r  t h i s  wind-transported deposit? 

FOSSILS FROM THE CAMP AREA 

A f o s s i l  land t u r t l e  has been found i n  the Bru le  Formation 

a t  the camp. I f  any ,o thers  occur here they are most l i k e l y  t o  be 

e i t h e r  i n  o r  below hor izon 1. The Ash Hollow Formation has 

y i e l ded  l a r g e  " r o o t  casts"  i n t e r p r e t e d  by some as f o s s i l i z e d  

"yucca" roo t s  because o f  t h e i r  s i m i l a r i t y  t o  the modern yucca's 

r o o t  shape and s i z e  ( these may be casts  o f  o ther  k inds o f  p l a n t  

r oo t s  o r  even animal burrows). F o s s i l  seeds from hackberry t rees 

( C e l t i s )  and borage herbs such as B io rb ia  i l l u s t r a t e d  i n  F igure 4 

have a l so  been found i n  the Ash Hollow Formation. Some o f  the 

coarser conglomerates (cemented sands and grave ls)  a l so  con ta in  

bone fragments from f o s s i l  horses and rh inos (F ig .  4b). Pieces 

o f  f o s s i l  wood are  associated w i t h  the sands and gravels o f  

hor izon 15. 

Bison bones occur i n  the young co l luv ium (s lope deposi ts)  

and a l luv ium exposed along the lower s ides and f l o o r s  o f  the 

canyons. 

FOSSILS FROM THE SAME ROCK SEQUENCES I N  OTHER AREAS 

While f o s s i l s  i n  the rocks and sediments on the camp 

proper ty  are sparse, equ iva lent  deposi ts  t o  the south and west 

f r equen t l y  y i e l d  good f o s s i l s  o f  p l a n t s  and animals. The B ru le  

Formation from Ash Hollow west conta ins bones and teeth  o f  

e x t i n c t  animals such as three- toed f o r b  e a t i n g  horses and 
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Figure  4a. Seed, charophyte, ostracod f o s s i l s  o f  Miocene- 

Recent Age. A-H.  Miocene "seeds" and gra ins .  A .  

Hackberry, C e l t i s ,  X 1 5 .  8 .  Biorb ia ,  X 1 5 .  C .  K r v n i t z k i a ,  

X 1 5 .  0. Stiwidium sp. ,  X 1 2 .  E .  St iwidium sp.,  X 1 2 .  F .  

St iwidium sp.,  X 1 2 .  G.  Panicum, X 1 8 .  H .  Ber r ich loa ,  X 1 2 .  

I. A charophyte, Chara (P le is tocene) ,  X 1 0 0 .  J-M. 

0s tracodes (.Recent), X 3 2 .  
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Figure 4b. Vertebrate fossil remains of Oligocene-Recent 

Age. Oreodont (Oliogocene) , X I .  8. Horse (~leistocene) , X I .  

C. Camel (Miocene), X I .  D. Horse (Miocene), X 1 .  E. Bison 

Skeleton (~ecent), X 1/15. 
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oreodonts !a graz,ing animal f i l l i n g  a n iche s i m i l a r  t o  t h a t  o f  a 

sheep). Ostracod carapaces and gastropod s h e l l s  occur' i n  l o c a l  

l i m e - r i c h  l a y e r s  i n  the B ru le  i n t e r p r e t e d  as lake  deposi ts .  The 

Ash Hollow Formation a long the n o r t h  v a l l e y  s i de  o f  the South 

P l a t t e  R ive r  and from Cedar Po in t  west conta ins  l o c a l l y ~ a b u n d a n t  

f o s s i l  grass. borage herb (S t io id ium and B io rb ia )  and 

hac.kberry ( C e l t i s )  "seeds". Root casts  from p r a i r i e  grasses. and 

o ther  p l a n t s  are  common as are  the so-ca l led  l a rge r  " r o o t  cas ts " .  

Vertebrate f o s s i l s  inc lude  tee th  and bones from three-toed 

grazing and browsing horses. rodents. rhinoceroses, camels, 

elephants (Mastodonts) as w e l l  as ma te r i a l  from o ther  groups. 

The youngest deposits,  l o e s s i c  s i l t s .  col luviurn, l ake  beds and 

a l luv ium. con ta in  remains o f  charophvtes. diatoms. f o s s i l  wood, 

bison, camels. and horses. 

PALEOENVIRONMENTAL INTERPRETATIONS 

Just  as an eco log i s t  s tud ies  the re l a t i onsh ips  o f  modern 

organisms bo th  t o  one another and t o  the a b i o t i c  p a r t  o f '  the 

environment, geo log is ts  t r y  t o  i n t e r p r e t  pas t  environments from 

s tud ies  o f  the f o s s i l s  and the .s t ruc tures  and mineral  components 

wreserved i n  the rocks and sediments. L e t ' s  see how a geo log is t  

might use such s tud ies  t o  reconst ruc t  the pas t  environments 

represented by the rock sequence a t  the camp. 

Most o f  the B ru le  Formation i s  clay-cemented unlayered s i l t  

w i t h  few s t r u c t u r a l  features.  A t  Ash Hollow Sta te  H i s t o r i c a l  

Park severa l  dark l aye rs  i n  t h i s  format ion represent the 
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development and burial of old soil profiles but otherwise there 

is little else that outwardly can help us in interpreting the 

environmental conditions at the, time of Brule deposition. A s  

stated previously, however, silt deposits themselves are often 

unusual geologically and in this case are most likely to have 

been transported by the wind. 

The wind transport hypothesis is supported by at least two 

pieces of evidence. Microscopic examination of the silts reveals 

that they often contain as much as 60% wind blown volcanic ash 

shards and odcasionally more than 90%. The geometry of the Brule 

Formation also supports the hypothesis. The formation is very 

uniform with few of the sharp vertical or laterad changes in 

grain size typical of stream depositional environments. 

There are a few lime-rich, lens-shaped, deposits in the 

Brule Formation which contain fosshls of fresh water ostracodes .- 
and snails. The shape of the deposits and nature of the faunas 

suggest that these deposits represent fillings of local ponds. 

So what was western Nebraska like when the Brule layers were 

deposited? In all probability it was often drier and dustier 

than today. Now and then rainier periods with reduced silt 

deposition must have occurred over the region'since soils, pond 

deposits, and very infrequent stream channel deposits occur in 

the formation. 

The Ash Hollow Formation is very different. Sediment types 

often change character rapidly both vertically and laterally. 
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1nclined.layering (cross-bedding), ripple marks, disturbed and 

burrowed horizons, buried soils, channel fillings, and many other 

features are like deposits and structures developed on the floors 

and along the sides of modern stream valleys. Fossil plants are 

similar to those living on the plains and along streamssin 

western Nebraska today. The animals also are typical of those 

living in semi-arid environments. While the vertebrate fossils 

in.the Ogallala are of species different than the modern 

organisms living in the area now, studies of them by 

paleontologists indicate that they occupied similar environmental 

niches to those filled by deer, bison, and so on at present. 

Lens- or channel-shaped volcanic ash deposits are relatively 

rare but very pure when they occur in the Ash Hollow. They 

occupy positions of former channels, swales or ponds present on 

floodplains during parts of Ash Hollow time. In some places the .- 
e ' 

ash.beds contain gras,s and hackberry seeds, root casts, ripple 

marks, disturbed beds, vertebrate fossil skeletons and tracks, 

and -even ash pellets interpreted as accumulations. concentrated in 

hailstones o; frozen :raindrops. 

The purity and thickness of the volcanic ash deposits has 

led many geologists to speculate on their mode of' transport and 

deposition. It seems likely that the ash was produced during 

periods of explosive volcanic eruptions in the western,United 

States and was carried by winds to Nebraska and adjacent states. 

But what could have produced a fall of material rapidly enough so 
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t h a t  the deposit  was both r e l a t i v e l y  f ree  o f  stream-deposited 

sediments and was i n  places over twenty f e e t  th ick? One 

reasonable hypothesis i s  t ha t  the. ash cloud was blown i n t o  a 

thunderstorm c e l l  and was washed out o f  the atmosphere i n  a short 

oer iod  of  time. The ash p e l l e t s  mentioned e a r l i e r  tend t o  

support t h i s  view of  the o r i g i n  o f  a t  l eas t  some o f  the deposits. 

As you have seen on the f i e l d  t r i p  much o f  the Ash Hollow 

Formation has an orange o r  orangish-pink co lo r .  This co io r  i s  

genera l ly  due t o  the presence of  large quan t i t i es  o f  decomposed 

g ran i te  i n  the sediment. The source o f  t h i s  g ran i te  l i e s  

p r i m a r i l y  t o  the west i n  the Rocky Mountains. 

A f te r  deposi t ion of  the Ash Hollow Formation ceased, stream 

eros ion began t o  remove the upper par ts  o f  the Ash Hollow forming 

va l leys .  A ma.jor r i v e r ' v a l l e y ,  trending general ly  northeast, 

crossed the area i n  t h e ' v i c i n i t y  o f  present-day Cedar Point.  

This va l l ey  was subsequently f i l l e d  w i th  sands and gravels 

deposited by the r i ve r .  These sands and gravels have maximum 

grave l  s izes la rger  than any gravels from the Ash Hollow 

Formation i n  the camp area, thus i nd i ca t i ng  tha t  the r i v e r  

deposi t ing the former e i t he r  was capable o f  carry ing l a rge r  

gravels  than were Ash Ho1,low streams o r  was suppl ied la rger  

gravels than were Ash Hollow streams. The types of  rocks i n  the 

gravels  i nd i ca te  a source i n  north-central  Colorado near 

present-day Rocky Mountain Park and thus a r i v e r  course somewhat 

l i k e  tha t  o f  the South P l a t t e  River. Foss i l s  from the sands and 
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gravels indicate that the deposits are roughly equivalent in age 

to the Pliocene Broadwater Formation which crops out along the 

north valley side of:the North Platte Valley west of Cedar Point. 

The wind blown tan silts (loess) capping the tableland were 

deposited after deposi.tion of the sands and,gravels equivalent to 

the Broadwater Formation. Widespread darker buried soil horizons 

in 'the loess, .just as in the Brule Formation, indicate periods of 

stability and little deposition separated from one another by 

of rapid silt accumulation. Occasional. lime-rich layers 

with organic remains from organisms that lived in fresh water 

indicate the presence of small ponds and lakes in the area when 

the loess accumulated. 

After deposition of the Pleistocene loess, stream erosion 

once again affected the area producing the North Platte Valley 

and the valleys of its tributaries like those at Cedar* Point. 

From time to time erosion was either slowed or stopped and 

deposition occurred along these valleys. Some of these deposits 

are'still preserved along the sides and beneath the floors of the 

canyons at Cedar Point. During the last 10,000 years or so the 

Sand Hills principally formed and sand dunes may have even 

blocked the developing North Platte Valley on one or more 

occasions in the vicinity of Cedar Point. 

METHODS FOR DETERMINING THE AGE OF THE DEPOSITS AT CEDAR.POINT 

One of the questions at the beginning of our exploration of 

the area was how old are these deposits? Over the years 
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geologists have devisedsa number o f  methods f o r  determining the 

ages of rocks and sediments. These methods f a l l  i n t o  two broad 

groups, those which merely a i d  i n  es tab l i sh ing  a chronoloaical 

re la t ionsh ip  ( r e l a t i v e  dat ing methods) and those which are used 

t o  determine actual  'times when events occurred (absolute dat ing 

methods). 

Three "laws" or  general ru les can be used i n  the camp area 

t o  determine the r e l a t i ve  ages o f  the deposits. The " law" o f  

superposit ion, which states tha t  sedimentary layers  become 

progressively younger from the bottom t o  the top o f  the sequence. 

can be used t o  determine tha t  the Brule Formation i s  the oldest  

u n i t  exposed a t  Cedar Point and tha t  the loess i s  one o f  the 

youngest un i t s .  The "law" of cross-cut t ing re la t ionsh ips  s ta tes 

t h a t  any geologic feature tha t  cuts  through another one must be 

the younger of the two. So-called " roo t  casts"  o f  hor izon 13 

penetrate the upper par t  of horizon 12 and must be the younger of 

the two features. F ina l l y ,  time and time again f o s s i l s  o f  

p a r t i c u l a r  types have been demonstrated t o  occur only i n  l i m i t e d  

thicknesses of  s t ra ta .  I n  the camp area bison remains are found 

i n  the youngest deposits whi le some of  the f o s s i l  seeds are  

r e s t r i c t e d  t o  the Ash Hollow Formation. 

Volcanic ash shards can be used t o  ob ta in  absolute age 

dates. Radiometric dat ing techniques appl ied t o  ash samples from 

the Ash Hollow and Brule formations by John B o e l l s t o r f f  and h i s  

colleagues a t  the Conservation and Survey D iv i s ion  and by Car l  
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Swisher have y ie lded 6 t o  10 m i l l i o n  year dates f o r  the Ash 

Hollow and 30 t o  32 m i l l i o n  years f o r  the Brule.  

GENERAL GEOLOGIC HISTORY OF THE CAMP AREA 

Figure 5 i l l u s t r a t e s  the general sequence of geologic events 

a t  the camp. The sequence and absolute ages from t he ' o l des t  t o  

the youngest (most recent event) are as fo l lows:  

Sesuence A&lS Years Before Present 

1. Deposit ion of .  wind blown Brule Oligocene 30-32 m i l l i o n  
volcanic s i l t s ;  

2. Period of 'non-deposition, s o i l  Oligocene?- 
formation, and erosion; Miocene 

3. Deposit ion p r ima r i l y  by streams Miocene 6-10 m i l l i o n  
o f  the Ash Hollow Formation: 

4 .  Period o f  erosion: ! Miocene?- 
Pliocene 

5 .  Deposit ion by streams of  sands Pliocene 
and gravels equivalent i n  age 
t o  the Broadwater Formation; 

6. Period o f  erosion: Pliocene t o  
Pleistocene 

7 .  Wind deposi t ion o f  loess on Pleistocene t o  
top o f  tableland; Recent 

8. Stream erosion cu ts  i n t o  Ash Pleistocene t o  
Hollow and Brule formations Recent 
producing the North P l a t t e  
va l l e y  and t r i b u t a r y  canyons 
on the camp property; 

9. Per iodic erosion and then Recent 
deposi t ion produce the stream 
deposits and channel cu ts  pres- 
e n t l y  seen i n  the canyon bottoms 
and on the North P l a t t e  f lood- 
p l a i n ;  a lso  formation of 
col luvium on va l l ey  sides. 
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CONCLUSIONS 

Previously c i t e d  evidence from f o s s i l s  and sediments 

ind ica tes  tha t  the environmental condi t ions over what i s  now the 

Great Plains must have been s im i la r  t o  those occurr ing today. 

While the c l imate a t  times has been moister and a t  times d r i e r  

than a t  present i n  the Cedar Point area organic remains tend to  

support t h i s  general conclusion. Furthermore, d i f ferences i n  

e leva t ion  on erosional  surfaces are more pronounced today than a t  

any time since the Oligocene Epoch. 
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