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FOREWORD 

I 
This repor t  i s  one o f  s i x  undertaken t h i s  year i n  the Department o f  

I 
Geography a t  the Univers i ty  of Colorado, It has become almost a t r a d i t i o n  
for  the graduate seminar i n  land use t o  i n i t i a t e  a p ro j ec t  i n  the l oca l  
area i n  cooperation w i t h  an agency o f  the Boulder community on e t t he r  the 
municipal o r  county leve l ,  sometimes both. 

These studies achieve a number of object ives. The pa r t i c i pa t i ng  stu-  
dents undertake a r e a l i s t i c  p ro j ec t  which they are able t o  plan, execute, 
and publ ish  w i t h i n  the b r i e f  span o f  one semester. Also, these studies pro- 
vide new information f o r  municipal and county o f f i c i a l s  and c i t i z e n  groups 
concerned w i t h  planning and guiding the growth and development o f  the C i t y  
o f  Boulder and Boulder County. I n  short, these are professional  t r a i n i n g  
exercises f o r  graduate geographers and are a serious e f f o r t  i n  provid ing 
new planning perspectives i n  the i n t e r e s t  o f  pub l i c  service. 

I n  response t o  a suggestion by the Natural Areas Committee o f  the 
Universi t y  o f  Colorado, the 1 and use seminar e lected t o  study and analyze 
a number o f  natura l  s i t e s  i n  the Boulder Valley. The group was a lso jo ined 
i n  the endeavor by the graduate f i e l d  seminar o f  the Department o f  Geography. 

I The cooperative base w i t h i n  the Boulder comnunity was wider than usual 
t h i s  year. The s i t e s  chosen for  study seemed t o  have po ten t i a l  f o r  a 

I var ie ty  o f  uses beyond t h e i r  present development. These included ins t ruc -  
t i o n  o f  pub l i c  school and-unhws_i-tyAuden& s c i v  . . ea- 
t ion,  greenbelt, and open space. The graduate students invo lved worked i n  

I cooperation w i t h  the res iden t  property owners, the Parks and Recreation De- 
partment and the Planning Office o f  the City o f  Boulder, the Department o f  
Development and the Parks and Open Space Advisory Committee o f  Boulder County, 

B 
the Boulder and Longmont Off ices of the So i l  Conservation Service, the 
Science D i rec to r  o f  the Boulder Val ley RE-2 School D i s t r i c t ,  the Planning 
O f f i ce  and the Natural Areas Committee o f  the Universf ty o f  Colorado, and 
the Denver Reqfonal Council o f  Governments. 

Sometimes the graduate researchers f e l t  they would have 1 i ked t o  pur- 
sue ce r t a i n  themes i n  greater  depth i f  there had been mope t ime avai lable. 
Nonetheless, they j o i n  me i n  expressing the hope t ha t  t h i s  r epo r t  provides 
in format ive i ns i gh t s  on a fasc ina t ing  p a r t  o f  Boulder County. 

This p a r t i c u l a r  r e p o r t  on the White Rocks area departs i n  format and 
content from the companion studies i n  t h i s  series. The various chapters 
which appear i n  t h i s  vol  m e  are excerpts from two master's theses i n  geog- 
raphy completed t h i s  year a t  the Univers i ty  o f  Colorado. The White Rocks 
i s  such an i n te res t i ng  and important  natura l  area i n  the Boulder Val ley 
t h a t  everyone concerned f e l t  the need fo r  pub l ish ing t h i s  informat ion now. 
The more de ta i led  theses are ava i lab le  i n  N o r l i n  L i b ra r y  on the Boulder cam- 
pus o f  the Univers i ty.  We are g ra te fu l  t o  Miss Helen Louise Young and 



Mr. Dennis I. Netoff i n  cooperating w i t h  us i n  t h i s  e f f o r t  and al lowing us 
I 

t o  combine por t ions of t h e i r  f i n e  studies as a ra ther  complete r epo r t  on 
the area.1 The chapters included here represent the endeavors and views 
of the authors and i n  no way should be in te rp re ted  as the  o f f i c i a l  views 
o f  the Department of Geography o r  any other cooperating agency o r  organi- I, 
zat ion previously mentioned. Because o f  t h i s  independence from o f f i c i a l  
views, the par t i c ipan ts  i n  t h i s  p r o j e c t  are espec ia l ly  g ra te fu l  t o  the 
Graduate School of the Un ive rs i t y  o f  Colorado, the City o f  Boulder, the 
Boulder County Commi ssioners, the Boulder Val l e y  RE-2 School D i s t r i c t ,  
and the Univers i ty  of Colorado Foundation f o r  sharing the costs o f  p r i n t i n g  
t h i s  report.  

This i s  the c o l l e c t i v e  and i nd i v i dua l  e f f o r t  of a group o f  dedicated 
geographers concerned about the qua1 i ty o f  the 1 ocal environment and i t s  
attendant stresses. Boulder County residents, students, and l oca l  o f f i c i a l s  I 

may gain understanding from t h i s  r epo r t  t h a t  w i l l  a s s i s t  them i n  t h e i r  
e f f o r t s  t o  perpetuate the Boulder area as a pleasant and a t t r a c t i v e  place 
t o  l i ve .  

Donald D. MacPhail , Ph.D. 
Professor o f  Geography 

Boulder, Colorado 
June, 1970 

I ~ e t o f f ,  Dennis 1:. 
Colorado, M.A. Thesis i n  970. 

Young, Helen Louise, 
o f  
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CHAPTER I ,  INTRODUCTION 

Helen Louise Young 

Many planners and pr iva te  c i t i zens  ape acutely aware o f  the change 
from I and in open space t o  larid i n  urban use, Thi s ~ W I ~ ~ O P C S S  has, hswver, 
been created a f t e r  urban expansion has already taken place; therefore, a 
nation-wide i n fomat ion  program stressing present needs f o r  mom careful 
consideration o f  AOW 1 and sh8ul d be used is essentlel , 

Bn order t o  adequately understand the need f o r  open space, one must 
unde~stand the meaning of the tern, A uni vernal ly  acceptable def lni taon 
has not been Cemulatcd Hn the course s f  a Unfversity o f  Calf formfa study 
on open space, H@rring f1965) in te rpre ts  the b m  as *encompassing any 
space which a l l w s  conbe t  w i th  Nature, though P t  may serve other u t i l i -  
ta r ian  functions, sue& as awscrvat ion o r  postp~nmef i t  o f  urban developmnt,' 
A mope precise d@fdnf&+on f s  offem$ by 9, PI, DavPs (l963), Stwssfng 
t h a t  open space Os not merely vacant space, Davis PPsts three requi 
1 ) the space must be t=elativcPy f ree  o f  man-madc s&ruc tu~@s and g ive the 
apparawsa of a natural landscape; 2) relatBve1.y f ree  s f  vehicular t r a f f i c ;  
and 3) must meet acreage raqulrments t h a t  vary I n  proportton to the inten- 
s f t y  sf use and the denstty s f  dcvelspmnt On ou~rsunding amas (U,S,B,A,, 
1963, p, 337). Open space, thew, can be describad as land l e f t  undeveloped 
f o r  &ha purposes o f  r e c ~ s a t i  on, sc i  ent9 Pi  e study, protactf  ow s f  wildlOfe, 
watc~sheds, o r  a b ~ f B g 9 ~  t o  urban eneroaehewt, 

Un t i l  the 1 9 6 0 ~ ~  Colorado was not  acutely aware o f  the pmosinq weed 
f o r  open space sfmply because the problem d id  not  e x i s t  i n  t h i s  state. The 
abundance o f  a ~ e s o ~ r c e ,  open lend, masked the necessity POP i t s  csnserva- 
t i o n  a t  tha t  time, Beginning i n  the 1 9 6 8 ~ ~  an Pncrease i n  population and 
i n d u s t ~ i a l  expansion has taken place on the eastern slope o f  the Front Range 
of the Rocky Mountains, One cannot d r i ve  along the Colorado Piedmont frm 
Pueblo t o  For t  Col l i n s  w i  thout not4 c i  ng urban development, Seeing former 
o en space occupied by haphazavd suburban and indus t r i a l  development, ! p anners inst igated conservation p r a c t i  ces, The trend toward conserwati on 
i.ncreased i n  impoo9tance during the l a t t e r  pa r t  o f  the 1960s and now cow- 
tfnues i n t o  the l970s0 

The growth o f  the Boulder Metmpol i tan area1 exmpl l Pies the type o f  
urban expansion occurring on the Colorado PDedmsnt, According t o  a recent 
Chamber o f  Commerce estimate, the population s f  Boulder has nearly doubled 
i n  the past ten years, An 86 per cent Dnc~ease i n  population has taken 

l A  te rn  used by the Boulder, Colorado Chamber o f  C m e r c e  p e h m f n g  
t o  persons l M n g  clrithfn the C4ty0s water and spyc?~ service area, 



place Prom 1960 t o  1970 (Boulder Chamber o f  Commerce, 1970). M c h  o f  the 
growth has been south and east of the c i t y .  Two s t r i k i n g  examples o f  sub- 
urban, single-family, r es iden t i a l  expansion are the Tab1 e Mesa subdiv is ion 
south o f  Boulder and the Gunbarrel H i l l  subdivisions northeast o f  the pre- 
sent c i t y  l im i t s .  The continued growth o f  these and s i m i l a r  subdivisions 
under1 ines the demand f o r  saving open space, 

The awareness o f  space conservation was no t  an unheard o f  idea i n  
Boulder, even years ago, Frederick Law Olstead, Jr, (1910) prepared a re-  
p o r t  on densi ty and zoning f o r  the C i t y  o f  Boulder, which mentioned the 
se t t i ng  aside o f  publicly-owned land fo r  la rge  parks, However f a r s i g h b d  
these concepts might have been, t h e i r  general idea was v i r t u a l l y  ignored 
u n t i l  a few years ago, I n  September, 1964, a City o f  Boulder publ icat ion,  
"Boulder's Fringe Area Objectives ,'I presented a scheme f o r  preserving 
Boulder "s natura l  beauty by p ro tec t ing  i t  from urban encroachment, Suggested 
as the p ro tec t i ve  measure was an open-area reserve (greenbelt) t o  t i e  to- 
gether the endangered t racts,  

Cer ta in ly  outdoor laborator ies  and study s i t e s  f o r  the natura l  sciences 
would be one type o f  u t i l i z a t i o n  f o r  the open spaces around Boulder, One 
funct ion o f  protected s i tes ,  according t o  Boulder planners, i s  f o r  s c i e n t i f i c  
use. With the Un ivers i t y  o f  Colorado located i n  Boulder, a need f o r  such 
areas i s  c r i t i c a l .  The natura l  sciences, biology, geography, and geology, 
f o r  example, g rea t l y  benefi  t from the accessi b i  1 i ty of su i tab le  study s i tes ,  
and such s i t es  add t o  the nat iona l  s ta tu re  o f  these natura l  sciences. Fortu- 
nately, the Un ivers i t y  has had, and continues t o  have, an abundance o f  valuable 
study area. The continued a c c e s s i b i l i t y  t o  natura l  study areas cannot be 
assured, however, unless adequate measures are taken t o  p ro tec t  these func- 
t i ona l  open spaces from the advance of urban sprawl , City and county p l  an- 
ners and the Un ivers i t y  must work as a u n i t  t o  save and acquire these addi t -  
iona l  t r a c t s  by means o f  thorough studies o f  the endangered s i t e s  and t h e i r  
problems, The White Rocks i s  such a study area and i s  present ly used by 
several departments o f  the Un ivers i t y  o f  Colorado, P t  i s  an area fac ing  
problems from urban encroachment, 

White Rocks, a 60-acre 1 and area o f  outcropping sandstones, i s  located 
approximately 8 mi les  northeast o f  Boulder w i t h i n  the Denver-Boulder-Long- 
mont urban t r i ang le  (Figure 1). Accessible by four- and two-lane roads from 
any po in t  on the Colorado Piedmont, the physical environment o f  White Rocks 
i s  unique, i s  a s c i e n t i f  i c a l  l y  valuable area, and i s  aes the t i ca l l y  a t t rac t ive,  
The prox imi ty  o f  White Rocks t o  populat ion centers makes i t  vulnerable t o  
urban and highway encroachment, industry, trespassers, vandals, improper use 
by the s c i e n t i f i c  community, overgrazing, water and a i r  po l lu t ion ,  a l l  o f  
which threaten i t s  natural  state, Increasing the  publ ic 's  awareness o f  the 
need f o r  p ro tec t ing  remaining natura l  areas i s  essent ia l  t o  the preservation 
o f  White Rocks, 





CHAPTER 11, THE ENVIRONMENT 

Dennis I ,  Netoff  and Helen Loufse Young 

The area chosen for analysis l ies  i n  the s m i - a r i d  section o f  the 
Colorado Piedmont near Boul der , Colorado, where several surface outcrops 
of polygonal j o i n t i n g  occur (Figure 2). Special attention was given t o  the 
area known local  l y  as the MUhi t e  Rocks" (Figure 3) ,  where the polygonal 
pattern i s  especial ly wel l  manifested, and where easy access permitted de- 
t a i  l ed study, 

The conspicuous and s m w h a t  exot i  c featuse tha t  distinguishes many 
outcrops o f  the Laramie and Fox H i l l s  sandstones near Boulder resul ts  from 
jo in t i ng  o f  a type not  usual ly Pound i n  sandstone. The j o i n t s  in tersect  to  
form polygons1 tha t  d i f f e r  fmn those t y p i c a l l y  developed i n  sandstone i n  
geometric form and re lated topographi c manifestation, 

Two basic polygonal patterns occur, The f i r s t  i s  characterized by a 
preponderance o f  r ight-angle intersect ions and bears close s i m i l a r i t y  t o  
mud cracks and ice-wedge polygons i n  p la in  view (Figure 6), The second, 
occurring wi th fn the f i r s t ,  I s  composed o f  hexagonal and pntagonal f igures 
tha t  resemble columnar goint fng i n  hor izontal  perspective (Figure 6). A 
hummocky topography tha t  i s  c losely rela%ed t o  go8 wt sccu~~arcce gfwes a 
unique character ist i  c to the surface re1 i e f  and influences the d i s t r i bu t i on  
of a var ie ty  o f  loca l  f l o r a  and fauna, 

General Geologic Structures 

The major s t ructura l  patterns o f  the Boul der area are control l e d  by 
two r e  ional s t ructura l  features, the Front Range ant ic l ine  and the Denver 
Basin 7 Hunter, 1947), both f o m d  during the Lararnide orogeny, The Front 
Range a n t i c l i n e  has a north-south ax is  and extends from Canon City, Colorado, 
north t o  Laramie, Wyoming, The Denver Basin, along the east Plank o f  the 
Front Range, i s  an asymmetric trough and generally paogallels the ant ic l ina' t  
axis. 

The east-dipping, western l imb o f  the basin i s  the pr inc ipa l  s t ructura l  
feature, The sedimentary beds are steeply dipping near Boulder, then 
f l a t t e n  rap id ly  a few miles t o  the east, It i s  w i th in  these gent ly dipping 
beds tha t  the Upper Cretaceous sandstones under consideration here are 
found, 

l m ~ o l y g o n w  i s  used here t o  re fe r  t o  a closed f igure bounded on several 
sides, some or. a1 l o f  whi ch may be curved. 



Figure 2. Ideal ized plan view map o f  j o i n t  systems. A 
high percentage o f  r i g h t  angle intersections occur i n  the 
large Jo in t  system, whi l e  the smaller jo fnts  characteris- 
ti c a l l y  Porn hexagons and pentagons (dots denote r ight -  
angle intersect ions)  , 



Figure 3, The White Rocks 
area, Polygonal godne pa%- 
terns occur 108. nearly a1 1 
surface o ~ t c m p s  o f  the 
Laramie Sandstone hem, The 

W E L  o contour interval  i n  the map 
above is 25 feet, 

The distr ibution o f  sand- 
stone outcv-ops with polygonal 
jo in t lng  i s  shorn on the 
small map a t  the left ,  Hem 

C O L O R A D O  
the dots indieate the loca- 
tfoa s f  ouch occurrences, 

DlLlO 



Figure 4, South-Pacing c l i f f  exposes h ighly  p i t t e d  
Laramie sandstone, Beneath the lower, undercut p a r t  

I 
o f  the Laramie, a t h i n  coal seam separates thSs for-  
mation from the Fox H i l l s  which extends outward to- 
ward the f loodplain as a bench,(Photo by Dennis 

I 
Netoff) I 

Figure 5, Pa l l  grass and scrubby brush vegetation 
grow a t  the base o f  t h e  outcrops along North Boulder 
Creek, This vegetation cover and the caves created 
by the wind and solut ion hollows provide a var ie ty  
o f  habitats f o r  small mammals w i th in  a short  hor i -  
zontal distance. (Photo by Helen Louise Young) 



Figure 4 

Figure 5 



Local s t ructura l  features are superposed on the regional structure, 
and are probably of Laramide 60"9'gin, These include various types of folds 
and feu1 t s  tha t  tend to follora one o r  another o f  several basic atterns 
whose trends are predominantly nor th or northwest (Hunter, 1947 ! . Many 
of the folds i n  the area between Marshall and White Rocks a m  subordinate 
t o  faul t s  and are a t t r ibu ted  t o  drag on fau l  t s  (Parkinson, 1956). 

Upper Cretaceous Stratigraphy 

The u p p e m s t  Cretaceous sedimentary sequence i n  the Denver Basin i s  
represented by a series o f  a l te rna t ing  sandstones, shales, and t h i n  coal 
beds, a l l  o f  which were deposited during a general regression o f  the 
Cretaceous sea, I n  t h i s  sea, subsidence and sedimentation were general 1y 
contempo~aneous, but proceeded a t  d i f f e r e n t  rates, resu l t ing  i n  regression 
when sedimentation exceeded subsidence and transgression when subsidence 
exceeded sedimentation (Fenske, 1963, p, 41 ) , The polygonal j o i n t  patterns 
are found i n  the Fox Hi1 1s and Laramie f ~ m a t i o n s ,  which were deposited 
during the l a s t  major regression o f  the sea, 

The Fox Hi1 l s  Fomation 

The Fox H i l l s  fomwtion i s  generally a l i g h t  tan t o  brown colored, mas- 
sive, cross-bedded and ripple-marked sandstone that i s  conformable wi th  
the underlying Pierre shale (Spencer, 1961), Grain size varies from coarse 
to f ine, aqd numerous iron-stained, dark brown0 hard, calcareous sandstone 
concretions are found i n  many places, Thickness varies f r o m  about 90 fee t  
a t  White Rocks t o  131 fee t  a t  Marshall (Parkinson, 1956, p, 11), 

The upper and lower formation boundaries o f  the Fox H i l l s  sandstone are 
d i f f i c u l  t t o  locate exactly because of t h e i r  t rans i  ti snal nature wi th  the 
underlying Pierre shale and over ly ing Laramie fownations, The lower boundary 
i s  usually acce ted as the horizon below which the section i s  predominantly e marine clay sha es and sandy shales of P ierre age, and above which the sec- 
ti on i s  bu f f  t o  brown sandstone contai n i  ng concretions (Levering , 1932, 
p, 702). The upper boundary o f  the Fox H i l l s  has been described by the same 
author as the horizon above which the section i s  composed predominantly o f  
fresh end brackish-water deposi t s  accompanied by coals and l i g n i  ti c shales 
and below which i t  i s  predominantly marine. The locat ion of t h i s  boundary, 
however, i s  controversial and several attempts have been made t o  change i t  
(Gude, 1950; Goldstein, 1950; Horner, 1954), It i s  noteworthy, however, t o  
recognize tha t  mny  ver t i ca l  as wel l  as l a t e r a l  facies changes e x i s t  i n  the 
formations and tha t  marine sandstones may be present between the clays and 
l i g n i t e s  i n  the %on-marine p a r t  of the section," 

The Laramia Fomation 

The La~amie Fomation i s  a th i ck  series o f  sandstones and shales, pener- 
a1 l y  considered o f  fresh and bracki skwater  or igin.  The Laramie f o m  t i o n  
i n  the Denver Basin can be div ided i n t o  two arts,  a lower one o f  pr imar i ly  ! sandstones and an upper composed mostly o f  c ays, Sandstones o f  the lower 
p a r t  o f  the section tend t o  be white t o  buff i n  color, even-bedded, speckled, 



and medium t o  fine-grained. Beds are usual ly  s o f t  and e a s i l y  weathered 
and exposures are therefore scarce, Sandstone u n i t s  may be separated by 
bands o f  sandy shale, l i g n i t i c  shale, and in te rca la ted  coal seams. The 
upper p a r t  o f  the sect ion consists mainly o f  c l  s, w i t h  some small len- 
t i c u l a r  bodies o f  sandstone (Horner, 1954, p, 14 "3 . 

The Laramie over l i es  the Fox H i l l s  conformably and i n  most places 
t r ans i t i ona l  ly, The Laramie i s  unconfomably over la in  by the Denver and 

I Arapahoe fovmations o f  ea r l y  Te r t i a r y  age according t o  some authors, bu t  
others (Spencer, 1961) assign a l a t e  Cretaceous age t o  the Arapahoe and 
include i t  w t th i n  the  Laramie, 

Polygonal j o i n t  patterns i n  the White Rocks area are r e s t r i c t e d  t o  
the Lararnie sandstones, and hence a b r i e f  discussion of the stratdgraphy 
there seems pert inent ,  The exposed sect ion consists o f  250 f e e t  o f  sedi- 
ments which are predominantly sandstone (Fenske, 1963, p. 52). Here the 
Laramie and Fox H i l l s  can be d i f f e r e n t i a t e d  on the basis o f  co l o r  and 1 i t h o l -  

and are separated by a conspicuous bed o f  l i g n i t i c  shale, capped by 
a h i n  coal seam. The Laramie i s  a white, massive, even-bedded sandstone 
w i t h  a " s a l t  and pepper" appearance due t o  the presence o f  b lack cher t  
qrains (Horner, 1954, p. 14), and forms a massive v e r t i c a l  c l i f f  t h a t  over- 
looks the f loodp la in  t o  the south, The Fox H i l l s  i s  a l i g h t  tan t o  brown, 
s t rong ly  cross-bedded sandstone w i t h  numerous brown concretions, and makes 
a s tep- l ike  bench below the v e r t i c a l  face o f  the Laramie (Figure 4). 

Occurrence o f  Polygonal Patterns 

C 
Polygonal j o i n t i n g  i n  sandstone i n  the Boulder area occurs i n  on ly  a 

few places. Outcrops o f  both the Laramie and Fox H i l l s  formations may dis-  
p lay  t h i s  pat tern,  but  i t  i s  b e t t e r  known and commonly b e t t e r  developed on 

4 ,  the Laramie, espec ia l ly  a t  White Rocks. The most extensive outcrop areas 
o f  polygonal j o i n t i n g  occur on r i v e r  b l u f f s  where undercut t ing by streams 
has exposed the massive sandstones. Other natura l  exposures a re  of minor ' areal  ex tent  and usual ly  occur alonq the steeper s ide slopes o f  terraces 

1 o r  pediments. Sandstone outcrops recen t l y  exposed by man are no t  known t o  
d isp lay  polygonal Joint ing,  

I I 

The presence of polygonal j o i n t  pat terns appears t o  be c lose ly  re1 ated 
t o  present-day topography and unrelated t o  exposure t o  i nso l  a t i on  and wind. 
Poly onal development i s  no t  Pes t r i c ted  t o  any one plane and may be found 7 on s opes vary ing from hor izonta l  t o  almost ve r t i ca l .  Exposure t o  wind and 

l sun does no t  seem t o  be an important  f ac to r  i n  t h e i r  d i s t r i bu t i on ,  as they 
have been observed on north-, south-, east-, and west-facing outcrops. 

I 

1 The evidence fo r  polygonal pat terns occurr ing beneath a s o i l  o r  a l l u v i a l  
cover i s  incons is tent  and inconclusive. Some recen t l y  exposed surfaces a t  
White Rocks lack polygonal pat terns.  Two excavations were made i n t o  the 

I 
over ly ing s o i l  a t  White Rocks, Both excavations were marginal t o  exposed 
Laramie sandstone t h a t  was polygonal jo inted.  Fa in t  j o i n t  pat terns per- 
s i s t ed  over 4 feet  back i n t o  the s o i l  cover a t  the  f i r s t  area. The second 
excavation exposed only a mottled, i r r e g u l a r  surface devoid o f  j o i n t s .  The 



explanation o f  t h i s  apparent discrepancy may be tha t  a l l  the j o i n t  patterns 
originated i n  a subaeri a1 envi ronment, but very retent  eol ian deposits 
have covered port ions o f  formerly exposed sandstones. Addit ional escava- 
t ions are needed before de f in i te  conclusions can be made, 

Types of Polygonal Jo int ing 

Two unique, but d i s t i n c t i v e l y  d i f f e ren t  types o f  polygonal j o i n t  pat- 
terns are apparent on almost a l l  areas studied (Figure 6). The patterns 
can be c lass i f i ed  according t o  whether o r  not the intersect ions o f  the 
j o i n t  are predominantly orthogonal, a c lass i f i ca t i on  tha t  was used by 
Lachenbruch (1962, p. 44-55) t o  describe ice-wedge polygons i n  permafrost. 

The two systems o f  j o i n t i n g  are d i f fe ren t  not only i n  pattern, but i n  
scale. Orthogonal systems are much larger,  and the j o in t s  tha t  hound them 
w i  1 1 be referred t o  as mega jo in ts ,  Nonorthogonal systems are small er  i n  
size and give the appearance o f  being superimposed on the orthogonal 
systems, and are somewhat contro l led i n  t h e i r  pattern where they a re  adja- 
cent t o  the megajoints. These w i l l  be referred t o  as microjoints. 

The ttTurtleback" Form 

A unique topographic character is t ic  re la ted t o  the combined e f fec ts  o f  
the orthogonal and nonorthogonal polygonal patterns has given the name 
"turtlebacks" t o  many exposed surfaces. Exposures a t  Whi t e  Rocks reveal 
a gent ly undulating te r ra in  w i th  local  re1 i e f  o f  up t o  a few feet. Topog- 
raphic highs are associated w i th  the centers o f  polygons, while lows are 
coincident wi th  jo in ts ,  the la rqer  j o i n t s  occupying s iqn i f i can t  troughs 
and the microjoints creating a hummocky surface. Thus, the orthogonal 
polygons, when bounded on a1 1 sides by troughs, take on the appearance o f  
a low dome wi th a hummocky surface created by microjoints, resembling a 
t u r t l e ' s  back (Figure 7 and Figure 8). 

Or ig in  o f  Stress 

Much o f  the fol lowing discussion i s  speculative. The roposed theories ! regarding the o r i g i n  o f  stresses tha t  produced the polygona j o i n t  patterns 
are y e t  t o  be proved and await fu r ther  tests  and experimentatton. 

Thermal Hypothesis 

The theory of thermally induced breakage of rock i s  based on the f a c t  
tha t  most materials expand when heated and contract when cooled, Fracture 
upon heating may occur when heat i s  rap id ly  applied t o  one pa r t  of the mass, 
causing d i  f f e ren t i a l  expansion and creat ing shearing stresses tha t  w i  11 re- 
s u l t  i n  rupture i f  the e las t i c  strength of the rock i s  exceeded. 

Desi ccation Hypothesis 

Volume changes re lated t o  clay mineral expansion and contraetion are 
known t o  cause heaving and cracking i n  clayey material. Mud cracks and 



A. ( ~ i  ght) Orthogonal system 
of polygons a t  White Rocks, 
wi th  dots indicat ing r ight -  
angl e I ntersect i  ons . 

( L e f t )  Nonorthogonal 
j o i n t  patterns i n  sand- 
stone a t  White Rocks. 
Mega j o i n t s  bound the 
smaller m i  cro jo ints  ex- 
cept on the eastern side 
where j o i n t s  gradually 
fade. Dots denote r ight-  
angle intersections. 

Figure 6 



Figure 7. The "turt leback" form. The hummocky 
surface i s  associated w i th  j o i n t  patterns. The 
diameter o f  the small polygons i s  about a foot, 
(Photo by Dennis Wetoff) 

Figure 8. Rolling, rocky exposure o f  the Laramie 
sandstone a t  White Rocks, Trees, shrubs, and 
grasses struggle f o r  a foothold i n  the depressions 
where there i s  a t h i n  veneer o f  s o i l  and sane 
moisture. (Photo by Helen Louise Young) 



Figure 7 

Figure 8 



s o i l  cracks, often forming we1 1 -developed polygonal patterns, are a c o m n  
geol ogi c phenomenon and are a t t r i bu ted  t o  desiccation. Voluminous 1 i t e r a -  
tu re  i n  s o i l  mechanics has been dedicated t o  the e f fec ts  o f  expansive 
clays on road and bu i ld ing  construction. 

Moisture Content o f  Polygons 

The moisture content of the j o i n ted  sandstone var ies v e r t i  cel ly, hor i -  
zontal ly, and temporally. k'loi sture character is t ics  are based p r ima r i l y  on 
f i e l  d observati  on and some quanti  t a t i  ve measurements, 

The time fac to r  i s  perhaps o f  greatest  s ign i f icance i n  producing loca l  
var iat ions i n  moisture content. Sporadic r a i n f a l l  i s  a t yp i ca l  characteris- 
t i c  of the climate, and hence during the course o f  a year the sandstone i s  
subject t o  many wet and dry cycles. Following periods of '  r a i n  o r  snow, 
the moisture content o f  the sandstone i s  a t  a maxiuum and may approach satu- 
ra t ion,  whi l e  extended periods o f  drought r e s u l t  i n  evaporation and maximum 
water loss. 

Horizontal var ia t ions i n  moisture are espec ia l ly  evident as dry ing pro- 
ceeds subsequent t o  periods o f  prec i  p i  ta t ion.  W h i  1 e the centers o f  the 
polygons take on a dry  appearance almost immediately, moisture may l i n g e r  
on f o r  many hours i n  the troughs near the polygon borders. Moisture con- 
t en t  a t  depth may a lso r e f l e c t  t h i s  surface pattern, Although no empir ical 
evidence was obtained t o  v e r i f y  th is,  i t  seems l o g i c a l  f o r  two reasons: 
f i r s t ,  the j o i n t s  occupy the lowest p o i n t  topographically, concentrating 
surface and subsurface water here by grav i ty ;  and second, the j o i n t  plane 
represents a zone o f  d iscon t inu i t y  and may a c t  as a b a r r i e r  t o  moisture mi- 
grat ion, 

Observation on the ve r t i ca l  d i s t r i b u t i o n  o f  moisture y ie lded  interest ing,  
and somewhat surpr is ing resul  ts. A1 though the surface near ly  always ap- 
pears dry, the sandstone a t  a very shallow depth i s  constant ly moist  to 
s i gh t  and touch. Even a f t e r  a month wi thout  p rec ip i ta t ion ,  damp sand- 
stone was found w i t h i n  2 inches o f  the surface, Several smples oP sandstone 
were selected Prom a ve r t i ca l  sect ion up t o  a depth o f  10 inches and were 
analyzed f o r  moisture content. Samples were heated to  110 degrees Centi- 
qrade f o r  12 hours and moisture percentages were then calculated on a weight 
basis. I t  i s  i n te res t i ng  t o  note t h a t  a s i g n i f i c a n t  change i n  the slope o f  
the mi sture curve occurs a t  the average depth o f  microjo ints.  

A case-hardened surface i s  t yp ica l  o f  most polygonally j o i n ted  areas, 
and i s  bel ieved t o  have some in f luence on moisture character ist ics.  The 
thickness o f  the casehardening i s  r a r e l y  greater than a quar ter  o f  an inch 
and may only be represented by a paper-thin layer  i n  some instances. The 
composition and o r i  4 n o f  the materi  a1 i s  unknown, but  i s  probably derived S from soluble minera o w i t h i n  the  sandstone t h a t  kave migrated upward by 
c a p i l l a r i t y  dur ing dry periods and kave been l e f t  behind and concentrated 
as the water evaporates. hlhen wet, the supface my kceme s1IgRtPy s t i c k y  
and behaves s im i l a r  t o  clayey material.  The presence o f  the case-ha~dened 
surface reduces the i n f i l t r a t i o n  capacity of the sandstone awd may also 
a c t  t o  re ta rd  the upward loss o f  moisture Pmm the sandstone, ac t ing  as an 



i nsu la t ing  blanket. A possible example of how the mater ia l  a f fec ts  the i n -  
f i l t r a t i o n  o f  water i s  i l l u s t r a t e d  by the behavior of water i n  weathering 
p i t s ,  which are widespread a t  Mhite Rocks, Following heavy r a i n f a l l  o r  
snowmelt the weathering p i t s  fill w i t h  water, and the small nds created 
may pe rs f s t  f o r  weeks wi thout fur ther  p rec ip i t a t i on  (Figure 9 r  The per- 

I 
meable sandstone should a l low the water to be qu ick ly  absorbed, bu t  a par- 

X i n  t e matrix, prevent i n f i l  t r a t ~ o n ,  
Y e n t l  the case-hardened s u r h c e ~ ~ p o s s i b l y  w l t h  the help o f  swel l ing c ays 

I Once a small depression develops, i t  becomes a cachenent f o r  water, i n -  
creasing the chemical weathering, I n  addit ion, s m t i m s  small rocks are 
washed down i n t o  the so lu t ion  p i t s  by a heavy runoff, A f t e r  the water i n  

I the so lu t ion p i t  evaporates, the rocks my be mved about i n  the p i t s  by 
the wind, Eol Ian  erosion a f f ec t s  both the p i t s  and the rock fragments and 
continued scouring may po l i sh  the faces o f  the  rock fragments u n t i l  they 

I 
are qu i t e  smooth. These angular, pol ished rocks are ven t i fac ts  ca l led  
"drei  kan ters, 

Or ig in  o f  the 8'Turtleback" Fom 

The humocky topography associated w i t h  the polygonal j o i n t  a t terns 
i s  somewhat unique and warrants some discussion (Figures 7 and 8 ! . The 
troughs t h a t  develop along the j o i n t s  are bel ieved t o  be a product o f  more 
act ive chemical and physical weathering, i n i t i a t e d  by the greater moisture 
re ten t ion  capacity i n  the j o i n t  zone, Once an i n i t f a 1  depression i s  created, 
weathering processes are i n tens i f i ed ,  and condit ions b e c m  favorable fo r  
the maintenance and fu r t he r  deepening o f  the grough, The removal o f  the 
case-hardened surface may be the i n i t i a l  phase o f  trough development, 
a l lowing granular d is in tegra t ion  o f  the  sandstone and subsequent m v a l  
by water o r  wind. 

Local Anomalies 

Tectonic forces have a f fec ted  the v i s i b l  e s ta t1  graphy a t  White Rocks. 
W f a u l t  has a l te red  the s t ra t i g raph i c  arrangement of the east  end o f  the  
rocks, Here, a high-angle, reverse Paul t breaches the sandstone s t ra ta .  
The displaced s t ra t igraphy adds t o  the aesthet ic value o f  the  outcrop by 
changing the v isua l  re1 i e f .  West o f  the f a u l t  1 ine, the s t ra t igraphy i s  
n o t  disturbed, but  east s f  t h e  f a u l t  l i n e  the Fox H i l l s  formation i s  
pushed up t o  the leve l  o f  the Laramie, The P ie r re  shale which under l ies 
the Fox H i l  1s I s  exposed and, near the  f a u l t  zone, some o f  the P ie r re  beds 
have been deformed. East of the Paul t zone, the Larami e, having been u - 
l i f t e d  and exposed t o  weathering and erosion, i s  no t  v i s i b l e  (Figure 10 ! , 

1 Concretions are found i n  var ied shapes and sizes i n  the Fox H i l l s  and 
Laramie formations a t  White Rocks. The o r i g i n  of these concretions begins 

' T e n  re fe rs  t o  an i r r e g u l a r  concentrat ion of ce r ta in  mlneral const i tuents 
o f  sedimentary rock. 



Figure 9. Weathering p i t s  a t  White Rocks, 
Water may 1 inger  i n  these dep~essdons f o r  weeks 
subsequent t o  heavy rains, The weathering p i t  
4ncludeo the area occupied by water and the ad- 
jacent  area o f  ungointed sandstone, The var ied 
topography, created by these and by the  t u r t l e -  
backs, provides a p ro tec t i ve  h a b i t a t  f o r  na t i ve  
grasses (note rock hammer f o r  scale on f a r  s ide 
of weathering p i t ,  (photo by Helen Louise Young) 

Figure 10, Aer ia l  view o f  the White Rocks 
A high-angle reverse f a u l t  1 i n e  forms a va l l ey  
a t  the eastern end o f  the rock outcrop seen i n  
the upper ~ i g h t  p a r t  o f  the photo, Here, the 
Fox H i l l s  ("F", r i g h t  o f  va l ley)  has been 
pushed t o  the l eve l  o f  the 1 ight-toned Laramie 
("Ln l e f t  o f  val ley), East o f  the f au l t ,  the 
Laramie outcrop disappears, Note south-facing, 
p i t t e d  c l l f f  face. (Photo by Dennis Metof f )  
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Figure 10 



wi th  the d isso lv ing  o f  c e r t a i n  minerals i n  the sandstone and t h e i r  suspen- 
sion i n  the rock pores. With supersaturat ion o f  the pore f l u i d ,  p rec ip i -  
t a t i on  o f  the mineral occurs around some small nucleus - a f o s s i l  o r  rock 
fragment. Concretions a t  White Rocks are o f  d i f f e r e n t  types depending 
upon the predominant mineral composition. Size and shape o f  concret ions 
i s  determined by the moving groundwater, the alignment o f  pores i n  the host  
sediment and the shape o f  the nucleus. Fenske (1963, p. 38) l i s t e d  three 
major types o f  concret ions a t  White Rocks: calcareous, sand ca l c i t e ,  and 
ferruginous. 

0 the r  Geomorphi c Features 

The genesis o f  the long, l inear ,  east-west hol low a t  the base o f  the 
c l i f f  i s  i nde f i n i t e ,  The hollow, approximately 5 f e e t  wide, 3 t o  4 f e e t  i n  
depth and several hundred f e e t  long i s  a t  the base o f  the Laramie formation 
on the south-facing c l i f f  (Figures 4 and 10). Because o f  i t s  prominence, i t  
i s  not  on ly  s c i e n t i f i c a l l y  in te res t ing ,  bu t  aes the t i ca l l y  a t t r ac t i ve .  I t  
i s  suggested t ha t  t h i s  1 inear  depression might have been formed by downward 
percolat ion o f  groundwater. An impermeable rock layer  j u s t  below the 
present hollow my have forced the water t o  f l ow  l a t e r a l l y  - eroding the 
hol low as i t  flowed ou t  o f  the  c l i f f .  Various s a l t  deposits i ns i de  and be- 
low the long, l i n e a r  hol low provide fu r ther  evidence f o r  the r o l e  o f  ground- 
water. P rec ip i t a t i on  of these minerals most l i k e l y  occurred as eva o r i tes .  

have been f a c i l i t a t e d  by the growth f o r ce  o f  the s a l t  c rys ta ls .  
1 Dis in tegrat ion o f  the sandstone and f u r t h e r  accentuation o f  the hol  ow may 

Larger, more bowl -shaped depressions i n t o  the sou th- faci  ng b l u f f  were 
probably carved ou t  by North Boulder Creek when i t  flowed a t  a higher l e v e l  
than a t  present, The creek meandered against  the b l u f f  a t  one spot leav ing 
a depression i n  the c l i f f  almost a hundred f e e t  long and 50 o r  60 f e e t  high, 

Other features re l a ted  t o  the erosive ac t i on  o f  water are the small 
honeycomb hollows (Figure 4) found on the stee c l i f f  fqce o f  the  Laramie f: along w i th  a natura l  bridge, The hollows may ave s ta r ted  as small depres- 
sions i n  the c l i f f  which f i l l e d  w i t h  water d isso lv ing  the rock and causing 
i t t o  crumble a f t e r  evaporation took place. The natural  bridge, about 5 
f e e t  h igh and 15 f e e t  wide a t  the base, i s  separated from the c l i f f  by 
approximately 10 feet ,  

Vegetation 

Patterns o f  vegetat ion vary w i t h  a l t i t ude ,  ex osure t o  sun and wind, 
angle and steepness o f  slope, ava i lab le  water, so i  ! and in f luence  o f  man. 
The var ied topography o f  White Rocks, as determined by chemical composition, 
s t r uc tu ra l  condit ions, and erosional processes, provides a v a r i e t y  o f  d i  f - 
f e r e n t  vegetat ion hab i ta ts  w i t h i n  a 1 i m i  t ed  hor izonta l  d istance (Figure 5). 
The steep, 70- t o  80-foot drop Prom the top o f  the b l u f f  t o  the f l oodp la i n  
a t  the southern edge o f  the outcrop o f f e r s  a r ap id  t r a n s i t i o n  from the d r y  
piedmont t o  the f l oodp la i n  of North Boulder Creek (Figure 13). Constantly 
exposed t o  sunl ight ,  the south-facing, l i gh t -co lo red  sandstone provides 
the  warmest and most protected h a b i t a t  i n  the immediate area. Local topog- 



graphic i r r e g u l a r i t i e s ,  such as the "honeycmbs* i n  the c l i f f ,  the j o i n t s  
i n  the sandstone, the weathering p i t s ,  and the gu l ley  cawed ou t  by the 
f au l t  provide addi t ional  var ied hab i ta ts  f o r  p l a n t  l i f e .  

White Rocks i s  a p a r t  of the p la ins  grassland region (Rodeck, 1964, 
e f loodp la in  i s  a mixture of blue g r a m  
buf  Pal o grass 

B ig  blueste 
and Rupr.) are 
ch as skunkbms 

and' other s c ~ - ~ b b y  bushes my c l i n g  g u l l  ies. 
Only two o r  three ponderosa pine ( Doug1 . $ r o w  on 
the Laramie outcrop (Rodeck, 1964, 

White Rocks i s  recognized by b io l og i s t s  i n  America and abroad as a haven 
for  several s ~ e c i e s  of ra re  olants. The c l i f f s  s u o o o ~ t  one o f  on lv  three 
known colonic's i n  North ~ m e r i c a  o f  the fern, 

" 

Extremely rare, t h i s  fe rn  has been co l lec ted 
the Western Hemisphere: Zion National Park, 
Marion County, F lor ida (Weber, 1949). The grass 
the legume ApDos , c o m n l y  ca l l ed  
a t  White Rocks an only recorded Col 
species (Weber , 1970), P l  ants representing 32 d i f f e ren t  fami l  i es and over 
90 d i f f e r e n t  species have been co l lec ted  a t  White Rocks i n  the past  60 
years and are included i n  the U n i v e ~ s i t y  of Coloradok herbarium (Appendix A). 

Fauna 

The var ied topography and exposure o f  White Rocks provide diverse ani- 
mal habitats. Because o f  the in t imate l Ink  between topography, c l  i m t e ,  
vegetation and animal l i f e ,  the t yp i ca l  animals found a t  White Rocks are 
those associated w i th  the p la ins  grassland vegetation zone. Studies o f  
animal l i f e  a t  White Rocks have been car r ied  on by both the b io log ica l  
sc i en t i s t s  and in terested residents o f  the awa, 

Smal l rodents, such as mice, squ i r re l s  and rabb i ts  are comon, These 
mammals make t h e i r  homes i n  the rock hollows a t  the base o f  the c l i f f  and 
i n  the brush and f a l l e n  t rees along the floodplain, The predatory mammals, 
the coyote and red fox, are less common and tend to be more eas i l y  f r ightened 
by man's presence i n  the v i c i n i t y  than the rodents, Landowners fear  an 
overpopul a t ion  o f  herbivores might resu l  t i f  the predators were forced t o  
f lee.  

The only extensive f i e l d  inventory of mammals and b i rds  o f  the area 
was conducted i n  1948 i n  a cottonwood grove alonq North Boulder Creek about 
a m i l e  upstream from White Rocks, Among the observations i n  t h i s  study 
(Beidleman, 1948) which can be considered typ ica l  o f  the f loodp la in  a t  the 
base o f  White Rocks are: three d i f f e r e n t  genera o f  snakes and o f  t u r t l es ;  
88 d i f f e r e n t  species o f  b i rds  and 10 d i f f e r e n t  species o f  mammals, 



Many observat ions by res iden ts  o f  t he  area have added t o  ~e id leman 's  
1 i s t ,  A composite from Beidleman? t h e s i s  and personal i n te rv iews  l i s t s  
the most common b i r d s  and mama1 s (Appendix B), 1 

White Rocks i s  used as a study area by the  animal ecologists .  Twice 
year ly ,  l o c a l  b i  rd-watchers conduct a b i r d  count along t h e  f l o o d p l a i n  near 
the rocks. B i o l o g i s t s  have observed b i r d s  a t  White Rocks and a l o c a l  
res ident ,  Mrs, W, C, Sul l i van,  banded b i r d s  i n  an e f f o r t  t o  check on Derma- 
nent res idents  and t h e i r  m ig ra to ry  pat terns,  

Several unusual and r a r e  animals have been Pound a t  White Rocks, Dr, 
Rober t  Gregg, entomol ogis t a t  the  U n i v e r s i t y  o f  Colorado, has c o l l  ected 
r a r e  species o f  ants a t  White Rocks. f u l v a  i s  common t o  
eastern Uni ted States b u t  i s  r a r e l y  f e s i s s i p p i  River. 
Three o the r  r a r e  western species have been found a t  White Rocks (A. 

and Lasius . A minTng bee 
1 s b K w s  one c l i f f  and i s  

The measure o f  an area's s c i e n t i f i c  value i s  i n  i t s  number, v a r i e t y  and 
qua1 i ty  o f  specimens and examples, FOP a geo log is t  o r  phys ica l  geographer, 
White Rocks i s  valuable because o f  i t s  exposed s t r a t i g r a p h y  and i t s  t e x t -  
book examples o f  secondary sedimentary s t ruc tures ,  As a haven f o r  r a r e  
p l a n t  and animal 1 i f e  and a v a r i e t y  o f  eco log ica l  hab i ta ts ,  White Rocks has 
a st rong a t t r a c t i o n  f o r  those i n t e r e s t e d  i n  b i o l o g i c a l  landscape - topog- 
raphy, c l imate,  vegetat ion and animal l i f e  combine i n  eco log ica l  harmony 
c rea t ing  a unique, s c i e n t i f i c a l l y  valuable and a e s t h e t i c a l l y  a t t r a c t i v e  
study area. 

'on ly  b i r d s  and mama1 s a re  considered here due t o  more f i e 1  d observa- 
t i o n s  having been done on these members of t h e  animal kingdom, 



CHAPTER 111, EFFECTS OF CHANGING LAND USE 

Helen Louise Young 

Physical , economic and soci  a1 fac to rs  w i t h i n  a given area deternine 
the land u t i l i z a t i o n .  A l l  must be considered, QOP each f o m s  an in tegra l  
component o f  evolv ing land use, Man i s  n o t  e n t i r e l y  a t  the mercy o f  
nature, y e t  a ce r ta in  degree o f  i n f luence  i s  exerted by the climate, bpog-  
raphy and b i o ta  .in cont ro l  l i n q  h i s  a c t i v i t i e s ,  

The var ied topography o f  W R i  t e  Rocks f o m s  a natura l  b a r r i e r  t o  the 
plow. Farming the rock outcrop i s  v i r t u a l l y  impossible, Climate also 
l i m i t s  a g r i c u l t u r a l  use through the deficiency and u n r e l i a b i l i t y  o f  the 
ra i n fa l l .  Adding t o  the a g r i c u l t u r a l  l i m i t a t i o n  i s  a very low groundwater 
table. Wells permi t t i ng  large-scale i r r i g a t i o n  a re  no t  feas ib le  (Longley, 
1970). Jus t  as topography and c l  imate are important cont ro ls  i n  land use, 
s o i l  capabi l i  ty may be the major fac tor  i n  determining land use i n  the 
White Rocks area. 

The Sei 1 and Agri cu l  t u r a l  Potent i  a1 

Most s o i l  i n  a semi-arid c l imate i s  p o t e n t i a l l y  f e r t i l e ;  however, 
1 ack o f  r a i n f a l l  1 i m i  t s  the p roduc t i v i t y  considerably, Sweet and Dodson 
(1935) and Moreland (1968) have named, described and analyzed the sof 1s 
i n  the White Rocks area, Though the repor ts  were compiled more than 30 
years apart, the resu l t s  were qu i te  simi 1 ar, D i f fe ren t  nomenclature was 
u t i l  i zed i n  each report ;  however, the important considerat ion i s  the s o i l  
capab i l i t y  ra ther  than the s o i l  name, Only t ex tu ra l  descr i  t i o n  (sand, B clay, loam, f o r  example) and land c a p a b i l i t y  c l a s s i f i c a t i o n  are used t o  

show the re1 a t ionsh ip  between d i  Pferent  s o i l  textures, slope and drainage 
and d i f f e r e n t  types of 1 and u t i l  i za t ion .  

The land under d r y  fanning no r t h  o f  the rock outcrop i s  a sandy loam, 
These s o i l s  are  moderately l i g h t  textured a t  the surface. The water in -  
take i s  r ap id  and the water-holding capaci ty is medium t o  moderately low 
(Moreland 1966). The lands on the southern pr inqe o f  Gunbarrel H i l l  have 
a capabil Ity c lass i f i ca t i on  o f  Class I I I  and Class IV, depending on the 
degree of slope (F igure l l ) ,  So i l s  west o f  75th Street  i n  the area o f  
h ighest  suburban densi ty are mostly poor ly  drained c lays w i t h  a few f i n e  
sandy loams. These s o i l s  have a c a p a b i l i t y  c l a s s i f i c a t i o n  o f  Class IV and 

l ~ l  a s s i f  i c a t i o n  sf  l ands according t o  t h e i r  capabi l i ty i s  based on 
the Land Capabi l i ty  C lass i f i ca t i on  o f  the Soi l Conservation Service, U, S, 
Department o f  Agr icul ture.  For d e f i n i t i o n  o f  classes see Figurn 11, 



LAND CAPABUkQf V 
WHITE ROCKS AND VICINITY 

after Sweet 8 Dodron 

CAPABILITY CLASSlFlCAOlOPl EXPLANATION 

I ,., Loams. Class 11. Some limitations that 
.- -- rn e e  -reduce-the-choice-of-crops -or-require-soma-- -- - - - -- - - - 

I consemat ion measures. 

Clay loams. Class 111. Severe limitations 
that reduce the choice of crops or require 

I 
special conservation practices or both. 

Clays and fine sandy losrms. Class IV. Very 
Severe limltations that restrict choice of 
crops, require very careful mmgement or 

I both. 

White Rocks Outcrop. Class VIII. Not 
suited for cultivation, range, pasture or 

I 
woodland. Suited only for recreation, 
wildlife, water supply or aesthetic pur- 
poses. 

'Eased on U.S. Department of Agriculture 
Land Capability Classiffcertfon. 

Figure 11 



Figure 12 Aerial view o f  the White Rocks area looking 
northwest toward the Con ti nental 01 v9 de, 
The floodpladn and meanders o f  Boulder Creek appear 
a t  the l e f t  (south) o f  the sandstone c l i f f s ,  I n  the 
d i  stance, residences encroach upon agr i  cul tu ra l  l and 
adjacent t o  the White Rocks, (Photo by Dennis Netoff) 

Figure 13 The ve r t i ca l  c l i f f  a t  White Rocks presents a 
s t r i k i n g  s t rat igraphic  di f ference between two sedimen- 
ta ry  formations - the white, uppermost Laramie and 

I 
the Fox H i l l s  below (appears here as the lower, shrub- 
covered s l  ope) , Several d i  f fe ren t  deposi ti anal envi ron- 
ments are i l l u s t r a t e d  by the Laramie, the Fox H i l l s ,  
and the t rans i t i on  zone between them, (Photo by Helen 

I 
Louise Young) I 



Figure 12 

Figure 13 



and are less su i ted f o r  ag r i cu l t u ra l  use than those on Gunbarrel H i l l  
(Sweet and Dodson , 1939, pp, 20-21). 

The land on the North Boulder Creek f loodpla in  i s  a moderately deep, 
loamy, poor ly drained, a1 l u v i a l  s o i l .  The surface has a heavy texture 
and has a capab i l i t y  o f  Class IV (Woreland, 1966). I n  short, a l l  the lands 
surrounding Whi t e  Rocks could n o t  be c lass i f ied  as h igh l y  agr icu l  t u r a l l  y 
productive, Care must be taken con t inua l l y  t o  prevent wind and water ero- 
sion. The ag r i cu l t u ra l  land nor th  o f  White Rocks i s  u t i l i z e d  f o r  f a m  
and-fallow wheat, whi le  g ra t ing  takes place on the floodplain, The White 
Rocks outcrop has a capab i l i t y  of Class VIII due t o  the extremely rugged 
ter ra tn ,  

So i l  drainage, Beyti  1 i ty and slope have a s i gn i f i can t  e f f e c t  on agr i -  
cul  t u r a l  product iv i  ty  and low ag r i cu l t u ra l  p roduc t i v i t y  has o~ened  the way 
f o r  other types o f  land use i n  the study area, The f i r s t  l o t s  t o  be so ld  
fo r  subdiv is ionsare located west o f  75th St reet  on the f l a t ,  poor ly  drained 
Class iV land (Figure 11). This land was f l a t  enough t o  permit houses t o  
be b u i l t ,  y e t  no t  a g r i c u l t u r a l l y  productive. The land east o f  75th S t ree t  
on Gunbarrel H i l l  (Class 11 and Class III) remains under dry fanning, bu t  
since there i s  no source o f  i r r i q a t i o n  water on Gunbarrel H i l l ,  the owners 
o f  the land m i  h t  no t  f i nd  i t  feas ib le  to farm i n  the near future. Two B l og i ca l  possib 1 i t i e s  POP the  land if f e were taken ou t  o f  farming are: 
1) the land becoming p a r t  o f  a greenbelt o r  2) i t  becoming s i t e s  fo r  sub- 
d i v i s i o n  (Campbell, 1969), 

Urban Growth and Expansion 

Presently most o f  the land east of 75th S t ree t  and north o f  White 
Rocks on Gunbarrel H i l l  i s  zoned f o r  agr fcu l tu re  (Boulder County, 1965). 
An important exception t o  ag r i  cul  t u r a l  zoning i s  the Heatherwood Estates 
subdiv is ion which has been developed w i t h i n  the l a s t  3 years by Wood 
Brothers Homes, a large bu i l d i ng  P i m  based i n  Denver, The f i r s t  home i n  
Heathemod was bui  1 t i n  1967 (Oo Laugh1 i n ,  1970). Heatherwood subdivision 
i s  emphasized to a greater extent  than the other  suburban developments 
west o f  75th St reet  ( Gunbarrel Greens, I s land  Greens, F l i n t l o c k  Estates, 
f o r  example) because i t  poses the greatest  encroachment threat  t o  White 
Rocks. Heatherwood i s  now bu i l d i ng  houses on most o f  the Southeast k 
Section 12, Township 1 North Range 70 West, This urban expansion may 
extend t o  less  than one-thi rd of a m i l e  northwest o f  Whfte Rocks w i t h i n  the 
next  5 years, f o r  the land (NWJG, NE%, Section 13) has already been pur- 
chased by Mood Brothers Homes, Land so c lose t o  White Rocks may be occupied 
by sinqle-fami l y  residences o r  mu1 t i - fami  l y  apartments (O'Laughlin,1970). 

Real f s t i c a l l y ,  w i t h i n  5 t o  10 years, Heathemod may extend a m i l e  
o r  more to the nor th  and east and, more c ruc ia l l y ,  south t o  the very edge 
o f  White Rocks. Such a p ro jec t ion  may be substantiated inasmuch as the 
land present ly occupied by Heathemod was famed as recent ly  as 3 years 
ago. Subdivisions h ve expanded over 1 m i l e  eastward toward White Rocks 
i n  the past  6 y@arsOa. The change from dry f a m i n q  t o  suburban development 

I lpleasurerncnts compi 1 ed from U.S. Department o f  Agri cul  t u re  ae r i a l  photog- 
raphy o f  the area, 1963 and 8969, 



i s  s t i l l  occurring. The indication i s  tha t  a farmer will continue to  farm 
a parcel of land while i t  i s  profitable; however, i f  for  sane reason 
(lowering of wheat prices, for  example) the farmer can no longer farm, he 
must seek the best economical use of the land. I f  a real e s t a t e  developer 
offers a handsome r ice  for  the land, i t  is  possible tha t  the farmer will 
sell  (Musser, 1970 ! . An additional incentive to  se l l  would be the psy- 
chologi cal e f fec t  of the suburbs. The encroachment of suburban development 
near a farm might  lead to  the leaving of the farm, because of constant d i s -  
ruptfon of normal farm ac t iv i t ies ,  

Past patterns of 1 and use are  s i g n i  Picant i n  unders tandfng present 
patterns and being able to  make future projections. Fanning was once the 
only actfvi ty north and south of White Rocks. Industrial growth (IBM, 
for  example) i n  the proximity and the desire s f  a person to l ive  away from 
the c i ty  proper have led to the urban expansion near White Rocks today. 
Essential to  the interpretation and the understanding of these rapid and 
profound changes i s  the consideration of the expansion and growth of 
Boulder d u r i n g  the past three decades. 

Continued gmwth and expansion of Boulder is best understood by recog- 
nizing i ts  potential as an industrial  , research and educational center. A n  
ever-expanding Boulder employer, the University of Colorado, a t t r ac t s  and 
continues to  a t t r a c t  numerous research f i m s .  Examples of the qua1 i t y  of 
research growth are the following firms: The Natf onal Center for  Atmos- 
pheric Research, the Environmental Science Services Administration, the 
National Bureau of Standards, Ball Brothers Research Corporation, Inter- 
national Business Machines (IBM) , and others. 

Industrial and commercial growth is mirrored i n  population growth. 
The Boulder Chamber of Commerce publfshes population figures from the United 
States Bureau of the Census i n  addition t o  the i r  own population projections. 
Boulder population changes in the l a s t  30 years are noted i n  Table 1. 

TABLE 1. POPIJLATI[ON GROWTH, CITY OF BOULDER 

Year - Popul a t i  on 
1940 12,958 
1950 19,999 

* Preliminary fiqure,  U.S. Bureau of the Census 
Source: Boul der Chamber of Commerce 
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TABLE 2. CHANGING LAND USE I N  THE WHITE ROCKS AREA, 1941-1969 

Category 1941 - 1955 - 1963 
.-.II 

1969 - 
Dry1 and Fam i  ng 

Pasture 

Developed Crop1 and 

Undeveloped Land 

Urban 

Recreation 

Indust ry  

Whi t e  Rocks 

Percentage subtotal  99.14 98.13 97.12 96.16 

M i  s ce l l  aneous Uses* .a6 1.69 2.88 3.84 

Total  

Mote: Percentages o f  each catego~. lca l  use are shown f o r  the White Rocks 
study area o f  some 3,200 acres surrounding the rock outcrop. Based 
on information from UoSeDeBe and A.S.C.S. ae r i a l  photography. 

* Misce l l  aneous categories inc lude area occupied by roads, r a i l  roads, 
houses and pub1 i c  u t i l i t y  stat ions.  



Although Boulder has undergone tremendous growth i n  the past  30 years, t h i s  
growth i s  no t  as c r i t i c a l  t o  t h i s  study as the suburban expansion east o f  
Boulder i n  prox imi ty  t o  White Rocks, 

I n d u s t r i a l  growth east and northeast  o f  Boulder has given impetus t o  
res ident i  a1 expansion i n  those d i  rect ions. IBM i s  the 1 argest employer 
northeast of Boulder and the growth of IBM has had the greatest  s ing le  ef- 
fect  on o ther  i n d u s t r i a l  and rap id  suburban expansion northeast o f  Boulder. 

When plans fo r  IBH" coorntruction began i n  March, 1965 (Town and Country 
Review, 1970), the land now occupied by I R M  was predominately agr i cu l tu f~a l .  
I n  the ear l y  1960s some small-scale p l a t t i n g  o f  subdivisions i n  the Gun- 
bar re l  H i l l  area had occurred, bu t  there was no substant ia l  urban develop- 
ment u n t i  1 a f t e r  the loca t ion  of the IBM p l a n t  along the Boulder-Longmnt 
Diagonal Highway (Sta te  Highway No. 119). By January, 1969, the number of 
employees increased by over 2,000 t o  4,350 (Town and Country Review, 1970). 

I n  the eastward expansion o f  Boulder, a sizeable land area zoned f o r  
indust ry  under the name of Boulder I n d u s t r i a l  Park, i s  located approximately 
one and one-half mi les east of Boulder, A l l  i ndus t r ies  i n  the i n d u s t r i a l  
park ( inc lud ing  B a l l  Brothers Research Corporati  on) are accessible Prom 
the subdivisions northeast  of Boulder v i a  75th Street, It i s  c l e a r l y  obvious 
no t  a l l  employees o f  these i n d u s t r i a l  areas w i l l  eventual ly  move i n t o  sub- 
d iv i s ions  northeast of Boulder; nonetheless, these growing i n d u s t r i a l  com- 
plexes se t  the stage f o r  f u r t h e r  suburban expansion, 

S i t e  and s i t u a t i o n  determine the pub l i c ' s  choice t o  move i n t o  sub- 
d iv i s ions  as Gunbarrel Greens and Heatherwood. For most homeowners, a major 
considerat ion i s  time and distance t o  work. Addi t ional  impetus t o  suburban 
expansion northeast of Boulder 1 i e s  i n  the aesthet ic  appeal o f  the area. 
The subdivisionc are Par enough away from Boulder t o  escape the noise and 
the t r a f f i c  problems, i n  add i t i on  to having a spectacular view o f  the Front 
Range o f  the Rockies and the Continental Divide, Thus, a tremendous growth 
i n  urban development continues northeast o f  Boulder. - 

The most valuable por t raya l  of changing 1 and use pat terns i n  the past  
three decades i s  i 11 ust ra ted by maps of land use chanqes a t  selected i n te r va l s  
f o r  h i s t o r i c a l  and geographic perspect ive (Figures 14, 15, 16, and 17), 
Data f o r  changing land use i s  from two sources: ae r i a l  photography (1941, 
1955, 1963, and 1969) 1 and f i e 1  d reconnaissance. 

To understand changing land use patterns, percentages o f  d i f f e r e n t  
uses were determined from each of the f ou r  maps based on the a i r  photos f o r  
the same years by imposing a q r i d  over each. This method resu l t s  i n  acceptable 
percentages o f  changi ng 1 and pat terns (Table 2). 

'photographs used were provided by the Boulder County Soi l  Conserva- 
t i o n  Service and the Longmont o f f i c e  o f  the U.S, Agr i cu l tu ra l  S tab i l i za t i on  
Conservation Service. 



By comparing land use changes using the four  maps and the percentage 
change table, two p a r t i c u l a r  pat terns o f  change emerge, Host not iceable 
i s  the growth of urban areas which occupy former a ~ r i  cul  t u r a l  land, Less 
s t r i k i n g  i s  the gradual change i n  a g r i c u l t u r a l  use from less developed agr i -  
cu l tu re  t o  more grazing, This change may be the r e s u l t  04 dec l in ing need 
for  ag r i cu l t u ra l  pmducts t o  be grown i n  t h i s  p a r t i c u l a r  area, 

Land used f o r  agr i  cu l  t u r a l  purposes and f o r  s i  ngle-fami l y residences 
const i tu tes  the main u t i  1 i zat ion w i t h i n  the study area a t  the present time, 
The White Rocks outcrop i s  ne i the r  used FOP agr i cu l tu re  nor f o r  housing, y e t  
from the s c i e n t i f i c  and aesthet ic  viewpoint, White Rockso most s i gn i f i can t  
u t i  1 i t y  i s  as a natura l  , iso la ted  study area, 

Present U t i  1  i mation o f  White Rocks 

I n  keeping w i t h  the theme of land use, an inventory of the deqree o f  
u t i  1 i t y  Whi t e  Rocks provides the s c i e n t i  f i c and acadmi c communi ti es becumes 
c r i t i c a l  i n  evaluat ing the worth of White Rocks as a study area, 

Appendix C, an annotated bibl iography, l i s t s  theses and other  scholar ly 
a r t i  cleg w r i t t e n  about some i n t e r e s t i n q  geologi c feature o r  b i o ta  of W R i  t e  
Rocks. Interv iews w i t h  Univers i ty  o f  Colorado facul  ty members having u t i  1 i zed 
Whi t e  Rocks o r  havlng same special i n t e r e s t  i n  the area were conducted, The 
interv iews provided a measure of the pas t  and present u t i l i z a t i o n  of White 
Rocks by the Univers i ty,  Undoubtedly, a few in terested par t ies  may not  have 
been contacted, but  as complete a l i s t  o f  interv iews as possib le i s  found 
i n  Appendix Do I n  addit ion, l e t t e r s  w r i t t e n  by s c i e n t i  s t s  and other knowl- 
edgeable i n d i  vidual s concerning White Rocks were generously provided (Weiser , 
1969, 1970). (See Appendix D f o r  a l i s t  o f  those submit t ing le t te rs , )  
These l e t t e r s  were w r i  teen on request by Mrs, Wei ser, who organized e f f o r t s  
t o  br ing the problem o f  highway encroachment t o  the a t t en t i on  o f  the Boulder 
County Long-Range Planning Commission, 

- 

The l e t t e r s  express each i nd i v i dua l  's est imat ion o f  Whi te Rocks ' value 
as a s c i e n t i f i c  study s i te ,  Those i n  the f i e l d  o f  b io logy emphasized White 
Rocks as beinq an i so l a ted  hab i t a t  f o r  numerous p lants  and animals, some 
very rare. Each l e t t e r  also described White Rocks as a unique study s i t e  
accessible t o  the University, Le t t e r s  dea l ing more w i t h  the geoloaical foma-  
t i ons  praised the area f o r  i t s  exposed s t ra t ig raphy  and other  i n t e res t i nq  
qeologic features, A11 the l e t t e r s  stressed the need POP preservation of 
White Rocks. Even though they represent one p o i n t  o f  view, they should be 
noted as knowledgeable opinions of the worth o f  White Rocks, 

Numerous f i e l d  t r i p s  and research p ro jec ts  are conducted iii WRitc 
Rocks. From the Bioloqy Department, a c lass i n  insec t  taxonomy makes an 
excursion t o  White Rocks each f a l l  f o r  c o l l e c t i o n  pur oses, These t r i p s  
have been regu la r l y  conducted s ince 1956 (Gregg, 1969 ! , I n  the spr ing o f  
1969, undergraduate classes i n  physical  geography beqan f i e l d  t r i p s  t o  
White Rocks. The White Rocks f i e l d  t r i p ,  taken by some 500 students since 
l a s t  spring, hopeful ly w i l l  become a permanent p a r t  of the c lass f i e l d  t r i p  
schedule, P r i o r  t o  spring, 1969, the geography f i e l d  t r i p s  d i d  no t  involve 
c l imbing onto the rocks, but  viewed the south-facing c l i f f  from 75th Street, 



Unt i l  1964, a l l  undergraduate geology students took a f i e l d  t r i p  t o  White 
Rocks. About 1,000 students per year make t h i s  t r i p ,  On several occasions, 
advanced geomorphology c l  asses have v i  s i  ted Whi t e  Rocks (Bradley, 1969). 

Addi t ional  a c t i v i t i e s ,  whether they be the surrounding land use o r  the 
s c i e n t i f i c  studies a t  White Rocks, a f f e c t  the ecological  balance of a r e l a -  
t i v e l y  i so l a ted  natura l  area, Because natura l  study s i t e s  are  indeed rare, 
an analysis o f  some of the major threats  t o  White Rocks must be investigated, 

Adverse Effects o f  Encroachment 

The analysis of urban encroachment i n  the  White Rocks area has already 
been discussed. Some add i t i ona l  adverse effects of encroachment are the 
fo l lowing:  1 ) water and a i r  p o l l u t i o n  associated w i t h  urban and highway 
expansion; 2) trespassers and casual r ec rea t i  oni sts; 3) vandals and 
poachers; 4) overgrazing of the f loodpla in ;  5) increased runo f f  erosion 
above the rock outcrop; and 6) neg l igent  use by members o f  the s c i e n t i f i c  
communi ty. 

As addi t iona l  people come t o  l i v e  i n  the v i c i n i t y  of White Rocks, the 
frequency o f  unconcerned i nd i v i dua l s  s t ray ing  onto the rocks i ncreases. 
These we1 1 -meaning bu t  i nconsi derate rec rea t ion i  s ts  1 eave t h e i r  marks on 
the v e r t i c a l  and hor izonta l  rock outcrops by carv ing t h e i r  names on and 
otherwise defacing the rocks. Beer cans, empty gun she l ls ,  and o ther  debris 
are depressing evidence of human care1 essness and 1 and pol  1 u t i  on. Such 
trespassing i s  common and on ly  ca re fu l  supervision o f  the rocks prevents 
major damage. Instances of vandalism inc lude the se t t i ng  o f  grass f i r e s ,  
dra in ing an a r t i f i c i a l  reservo i r ,  c u t t i n g  o f  t rees and k i l l i n g  w i l d l i f e  
(Weiser, 1969, 1970 and E r t l  , 1970). 

Explosive qrowth east  o f  Boulder i s  accompanied by more in tens ive  use 
o f  present t ranspor ta t ion f a c i l i t i e s  and the bu i l d i ng  o f  new roads. The 
most recent th rea t  t o  White Rocks i s  McCasl-in Boulevard, a proposed high- 
speed, 1 i m i  ted-access , north-south highway. No s p e c i f i c  rou te  has been de- 
signed as o f  present; however, two proposed routes ac tua l l y  touch the 
western (one proposed route) o r  the eastern (another proposed route) ex- 
t remi ty  o f  the rock outcrop. The immediate and long-term e f f ec t s  o f  t h i s  
expressway are the fo l lowing:  1) d is tu rb ing  the animal 1 i f e  by noise, 
causing some animals t o  leave the area thereby changing the ecological  
balance; 2) f i l l i n g  the a i r  w i t h  harmful exhaust (espec ia l l y  i f  the high- 
way were b u i l t  west of the rocks due t o  p reva i l i ng  winds) w i t h  the p oss ib le  
loss o f  some species of veqetation; and 3) encouraging carelessness, 
vandal ism and demand fo r  pub1 i c  access by making Whi t e  Rocks more v i s i b l e  
from the highway. The impending t h rea t  t o  White Rocks posed by McCaslin 
Boulevard has been a l l ev i a ted  by a recent decis ion made by the Boulder County 
Lonq-Range Planning Commission on February 27, 1970. The Commission decided 
t h a t  " i f  and when the boulevard i s  constructed, the route  w i l l  by-pass the 
scenic and valuable natura l  area known as the White Rocks" (Boulder Da i l y  
Camera, 1970). 

So i l  erosion nor th  of the rock outcrop might u l t ima te l y  destroy the 
aesthet ical  l y  and s c i e n t i f i c a l l y  valuabl e topography by g rea t l y  speeding 
up the erosional processes on the rocks. I f  the natura l  grass cover above 



the rocks were t o  be e l im ina ted  by f i r e ,  t rampl ing, o r  suburban development. 
the Laramie outcrop would be v a s t l y  a1 te red  f rom increased erosion. Over- 
graz ing on the  f l o o d p l a i n  has caused damage t o  the vege ta t i ona l  h a b i t a t s  
along the f l o o d p l a i n  by i nc reas ing  erosion. Through the  e f f o r t s  of land- 
owners who graze t h e i r  c a t t l e  on the  f l oodp la in ,  t h i s  overgraz ing i s  being 
c o n t r o l  led. 

Any presence o f  man on White Rocks a1 t e r s  i t s  n a t u r a l  s ta te :  there-  
fore, even those who apprec ia te  the  s c i e n t i f i c  and a e s t h e t i c  values of 
the rock outcrop and make f i e l d  i n v e s t i g a t i o n s  v i o l a t e  i t s  i s o l a t e d  state,  
The u t i l i z a t i o n  o f  H h i t e  Rocks by one s c i e n t i f i c  d i s c i p l i n e  may lessen the  
study p o t e n t i a l  o f  the  area by another  d i s c i p l i n e .  Those i n v e s t i q a t i n g  the  
topography, f o r  example, m igh t  i n a d v e r t e n t l y  trample t h e  vegeta t ion  o r  f r i g h -  
ten  animals. Such incompatable f i e l d  s tud ies  should be c a r e f u l l y  avoided. 
Compared t o  the o t h e r  t h r e a t s  fac ing  White Rocks, and cons ider ing  the  u t i l  i t a r -  
i a n  purpose o f  such excurs ions on to  White Rocks, damage f rom t h e  s c i e n t i f i c  
community i s  t h e  l e a s t  o f  t h e  th rea ts .  Concerned and knowledgeable i n d i v i -  
duals a r e  most l i k e l y  t o  respect  t he  value o f  t h i s  na tu ra l  area. 

White Rocks i s  d e f i n i t e l y  a f f e c t e d  by the  surrounding l a n d  use changes. 
Tliese changes f rom a g r i c u l t u r e  t o  u rban iza t i on  pose a t h r e a t  t o  i t s  i s o l a t e d  
state,  i t s  importance as a study area and i t s  s c i e n t i f i c  and aes the t i c  value. 
Sc ien t i s t s ,  because o f  the  i nc reas ing  use of White Rocks i n  recen t  years, 
a r c  becoming more aware o f  i t s  importance - thereby ga in ing  more of an ap- 
p r e c i a t i o n  o f  the area. Concerned i nd i v idua ls ,  through an h i s t o r i c a l  per- 
spec t i ve  o f  land use change must at tempt t o  formulate steps t o  preserve White 
Rocks f o r  f u t u r e  s c i e n t i f i c  use. 



Helen Louise Young 

Expansion o f  urbanizat ion i n t o  f o m e r  ag r i cu l t u ra l  land i s  n o t  a unique 
s i tua t ion ,  nor i s  the encroachment of man i n t o  i so l a ted  natural  areas. The 
dilemma fac ing White Rocks i s  mirrored i n  thousands o f  other natura l  s i t e s  
throughout the country, 

The most important decis ion t o  be made i s  whether bJhi t e  Rocks should 
be preserved i n  i t s  natura l  state. On the basis o f  i nves t iga t ion  of p e r t i -  
nent 1 i terature,  interv iews w i t h  pa r t i es  kno wledgeable o f  i t s  value, and 
f i e l d  examinations, the answer t o  the query must be an unequivocal "Yes." 
White Rocks i s  unique geolog ica l ly  and b i o l o g i c a l l y  and i t s  loss  as an 
accessible study area would be a tragedy, Not only should White Rocks be 
preserved as a natura l  study s i te ,  bu t  as an area o f  extremely l i m i t e d  
access even f o r  s c i e n t i f i c  purposes and aesthet ic enjoyment, Idea l  l y ,  
u ~ p e r - d i  v i  sion-course un ivers i  t y  f i e 1  d laboratory  t r i p s  and facu l  t y  and 
graduate students should have access t o  the area for  s c i e n t i f i c  u t i l  i za t ion,  

The next  problem i s  a geographic de l im i t a t i on  o f  an adequate buf fer  
zone t o  p ro tec t  White Rocks Y s o l a t i o n  as i t  ex is ts  today, Bearinq i n  mind 
the present 1 and pat terns (Figure 17), the f o l  lowing buf fer  zone i s  pre- 
sented w i t h  i t s  geographical boundaries: 

1, Northern b u f f e r  zone - suburban development should remain 
a t  l e a s t  one-quarter t o  one-ha1 f mi le  nor th  o r  the rocks, 
A vegetat ion b u f f e r  should remain between housing and the 
rock outcrop t o  minimize erosion on the slopes no r t h  of 
White Rocks and the rock outcrop, 

2, Southern buf fer  zone - the f loodp la in  o f  North Boulder 
Creek provides an exce l len t  natura l  buf fer ,  No exten- 
s i ve  urban development can be allowed on the f loodp l  a in  
according t o  county zoning regulat ions, Gravel p i t s  
along the f loodp la in  near the b l u f f s  should be p roh ib i ted  
because o f  aesthet ic  damage. 

3. Eastern b u f f e r  zone - land east  o f  the study area which 
stops a t  the prominent f a u l t  and the disappearance o f  the 
Laramie outcrop i s  rugged t e r r a i n  present ly used f o r  
grazing. No development should come closer than one-half 
m i le  t o  the eastern end o f  the rocks, 

4 .  Western buf fer  zone - any res i den t i a l  development shoul d 
be a t  l eas t  one-quarter m i l e  t o  one-half m i l e  west o f  the 
rocks. DeveloptX3nt west o f  the rocks should be especial i y  
discouraged due t o  the prevai  1 i n g  winds blowing po l lu tan ts  
toward Whi t e  Rock, 



Precise l i m i t a t i o n  of a buffer zone t ha t  pro tects  White Rocks i s  d i f f i -  
cu l t ,  f o r  an in t imate understanding o f  the area's de l i ca te  ecol oqi ca l  balance 
i s  necessary. Interwoven w i t h  the ecological  balance are the soc ia l  problems 
and the l e g a l i t i e s  o f  chanqinq land use, zoninq, and i n d u s t r i a l  expansion. 
Rea l i s t i ca l l y ,  a future p ro jec t ion  o f  what happens t o  the land surroundina 
White Rocks and what feasib le steps t o  save i t  (working w i t h i n  qiven possib i -  
l i t i e s )  must be considered. 

Recommendations 

To provide the most feasib le,  y e t  assured method o f  preserving White 
Rocks f o r  f u tu re  generations, the fo l low inq  recommendations should be con- 
sidered: 

1. Continuati  on o f  present a g r i c u l t u r a l  zoning for  lands 
immediately nor th  of White Rocks; therefore, the County 
Commissioner0s Zoning Board should no t  a1 low res i den t i a l  
zoning t o  the edge o f  the rock outcrop. 

2. Cooperation from rea l  estate develo ers  such as Wood 
Rrothers (developers o f  Heatherwood ! must be sought t o  
prevent extremely close encroachment and t o  a i d  i n  pre- 
servat ion o f  a bu f f e r  between Heatherwood and White 
Rocks. 

3, I n d u s t r i a l  development alonq the f loodp la in  a t  the base 
o f  the c l i f f  must be p roh ib i ted  if White Rocks i s  t o  
have i t s  greatest  u t i l i t y ,  Gravel p i t s  could be re- 
s t r i c t e d  by the County's no t  grant ing use permits f o r  
t h e i r  l oca t i on  a t  White Rocks. 

4. Close and continuous supervision o f  White Rocks should 
be provided t o  reduce the t h rea t  o f  vandalism. Mrs. 
Weiser 2 1 i v i n g  near the outcroo present ly contr ibutes 
t o  the supervision, 

5. The w i l l s  o f  the property owners o f  White Rocks should 
provide f o r  t r ans fe r  o f  t h e i r  property ( a f t e r  t h e i r  o r  
t h e i r  he i r s  death) t o  a conservation foundation which 
could preserve White Rocks i n  perpetui ty,  Mrs. Weiser 
plans t o  arrange such a provision, 

6. Encouraging l e g i s l a t i o n  t o  deal w i t h  lega l  problems o f  
preserving natura l  areas. I f  White Rocks were obtained 
as p a r t  o f  a green b e l t  program, by an educational i n -  
s t i t u t i o n  o r  a conservation organization, there should 
be lega l  means t o  r e s t r i c t  pub l i c  access i n  perpe tu i t .~ ,  
A t  present, i f  White Rocks were i n  pub l i c  ownership, 
there i s  no lega l  way t o  r e s t r i c t  pub1 i c  access ib i l i t y .  



7, Conserva ti on tax  easement, preferen ti a1 assessment ( t h e  va 1 ua- 
t i o n  o f  r o p e r t y  on the  basis o f  present, ins tead o f  p o t e n t i a l  
land use f , o r  o t h e r  tax  advantages should he of fered the 
owners o f  White Rocks t o  encourage i t s  p reservat ion  as a 
na tu ra l  area. 

8. Considerat ion and respect  must be g iven the  area by those 
u t i l i z i n g  White Rocks f o r  any purpose. The value, uniqueness 
and de l i cacy  o f  t h e  area should be made known t o  those enter ing  
White Rocks. 

An assessment and ana lys is  of the  q u a l i t y  o f  White Rocks as a study 
area - what i t  o f f e r s  i n  aes thet ics  and s c i e n t i f i c  value - and an under- 
standing of the land use changes over t ime enables a more va l  i d  p r o j e c t i o n  
o f  what may happen t o  White Rocks. White Rocks' physical  uniqueness i s  
i r rep laceab le .  I t s  importance stems from i t s  havinq been re1 a t i  ve l  y i so -  
l a t e d  and i t s  havinq become a haven f o r  seldom-seen p lan ts  and animals. 
Adding t o  i t s  importance are the geoloqical  s t ructures,  which m e r i t  obser- 
v a t i o n  and research. Hopeful ly ,  the  f o r e s i g h t  and cooperat ive e f fo r t s  of 
i n d i v i d u a l s  concerned w i t h  p r o t e c t i n g  t h e  environment w i l l  assure t h e  per- 
pe tuat ion  o f  White Rocks as a t r u l y  unique n a t u r a l  area. 
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APPENDIX A 

FLORA FOUND AT WHITE ROCKS 

AS RECORDED BY THE 

UNIVERSITY OF COLORADO MUSEUM HERBARIUM 

L i s t i n g  i s  by fami ly ,  genus and species, 

A1 ismacaea 
Sagi t t a r i a  l a t i f o l  i a  W i l  ld ,  

Anacardi aceae 
Rhus g l  abra L o  
R, t r i l 'ZTXTa Nutt.  ex, T. & G o  - 

Ascl epiadaceae 
Asclepias v i  r i d i f l o r a  Raf, 

Betu l  aceae 
Be t u l  a f on ti na l  i s Sarg. 

Boragi naceae 
minima Rydberg 
K) Payson 

Greene 
L i  thospermum i n c i  sum Lehn. 

Cam~anul aceae 
~ r i o d a n i  s leptocarpa ( ~ u t t .  ) 

Nieuwl . -... - 
T. p e r f o l i a t a  (L.) Nieuwl. - 
~ t r i  l e x  canescens (Pursh) 
-TI&- 
~ u r o t i a  l ana ta  (Pursh) Moq. 

Commel i naceae 
Tradescantia occidenta l  i s 

( B r i t t . )  Symth 

Cornposi tae 
Artemis ia f i l  i f 0 1  i a  Torr. 
E r i  c ron  umulus Nut t .  
u s e  Spreng. 
~ e , y r i q ~ t i i p A e  v:;ay' 
e i a n t  us e t i o l a r i s  Nutt .  

ketherotheca v i  osa (Pursh) 
Shinners 

H meno a us f i l i f o l i u s  Hook. 
-0rioides 
~ i - ) ~ ~ : , A ~ F l e y  
- a m a n a c e t i f o l  i a  

(H.B.K. 1 Ness 
so l  idaso m i  ssour iensis Nutt. 

Cruci f e r a e  
Choris ora t e n e l l a  DC. 
&vense L. 

Cyperaceae 

'ETe-macrostach a B r i  tt, 
.- - - & s l .  Sct rpus m i  crocarpus 

Euphorbiaceae 
Chamasyce fend1 e r i  
C, m i s s u r i c ~ f  
E ~ h o r b i a  marqi na t a  

(T&G) Small 
Shinners 
Pursh 

Fumari aceae 
Cor.ydalis aurea I J i l l d .  - 

Grami neae 
A ro ron dasystachum (Hooker) 
+r 
A, j e r a r d i i  Vitman 
Fi s t i  da bas i  ramea Enqelmann 
m e m u  d , 
Buchloe dac ty lo ides  (Nutt.) 
l 5 i F T r n a n n  
~ a l a h v i  1 fa l o n  i f o l i a  (Hook.) 

S c r i  bn. i n  --+-- Hac 
O r  zo s i  s hymenoides (R .&S. )  --ikk- 
Poa sandber ii Vassey 
~ u c c d t t a l  l i a n a  (Schul t.) 

H i  tchc. 
S t i  a cornata Tr in.  & Ru r. 
&a-Iora (wal t.! ~ y d b .  

Hydrochari taceae 
Elodea canadensis Mi chx. - 

babi atae 
Mnarda p e c t i  na ta  Nutt .  

Lesuminosae 
-A i o s  americana k d i c .  

s r a  a lus  drummondii Dougl. i n  lrer --xi!-- 



Leguminosae (continued) 
A. sericoleucus A, Gray 
Laehyrus po~ymrphus  Nutt. 
L u ~ r n u s  DUSI I I us rursh 

Turner 
T h e m p s i s  rhombifol i a  Nutt.  

ex Rich, 

Lemaceae 
Lemna minor L. -- 

Loasaceae 
Mentzel i a  a1 b i  caul i s  Doug1 . 

ex. HOOK. 
M. nuda ( ~ u r s h )  T.&Ge -- 

Onaqraceae  aura coccinea Nutt. ex 
T s 7  
Oenothera a l b i  caul i s Pursh 
0. brachycarpa A. Gray - 

Orobanchaceae 
Orobanche fasc icu la ta  Nutt. 

Oxal idaceae 
Oxal is  s t r i c t a  L. 

P i  naceae 
Pinus ponderosa Dougl. ex 

Laws. 

Pol emoni aceae 
b o r n p s i  s 1 ax i  fll ora (Coul t e r )  

V. Grant 

P o l  yqonaceae 
annuum Nutt. 

ramosi ssimum Michx. 

Polypodiaceae 
As~ len ium trichomanes L. 

adiantum-nigrum L. 
fee i  s o r e  

- 
~ b r o n i a  f r a  rans Nutt.  ex Hook. 7P- Oxybaphus lnear i s  (Pursh) 

Robinson 

Ranuncul aceae 
Ranuncul us cvmbalari a Pursh 

Rosaceae 
Amelanchier utahensis Koehna 
P o t e n t i l l a  a n p i c a  Leacharding 
Prunus v i rq in lana  I. 
Rosa arkansana Porter  - 

~ c r o p h u l  a r i  aceae 
L i na r i a  texana Scheele 
Penstemon anqus t i fo l i us  Nutt.. 
P. secundi f 1 orus Bentham - 

Sol anaceae 
Ph s a l i s  v i rq in iana  M i l l .  +I- o anum ameri canurn M i  1 1. 
S. sarachoides Sendt. ex Mart - 

li 1 maceae 
Cel ti s occi dental i s L . 

Umbel 1 i ferae 
Cymopterus acaul i s  (Pi  rsh) Raf. 

Vio l  aceae 
Vio l  a papi 1 ionacea Pursh - 

llrti caceae 
Par ie ta r ia  pennsyl vanica Muhl . 

ex ~ i i .  



APPENDIX B 

FAUNA FREQUENTLY SIGHTED AT WHITE ROCKS 

Birds 

S c i e n t i f i c  Name Comon Name 

Ardei dae 
Ardea herodias 
Nycticorax nyct icorax 

C haradr i  i nae 
Oxyechus voci ferus 

Great blue heron 
B l  ack-crowned n i g h t  heron 

K i  1 1 deer 

Col umbi dae 
Columbia l i v i a  Rock dove 
~ m r a 7 i 6 G o u  r a  Western mourning dove 

Corvidae 
. Pica p ica  - 
Fa1 con i nae 

Fa1 co sparverius 

F r i n q i l l  idae 
~ e l o s p i z a  me1 odia 
Passer1 na amoena 

Ameri can magpie 

Sparrow hawk 

Mountain song sparrow 
Lazul i bunting 

I c t e r i  dae 
Aqelaius phoeniceus Th ick -b i l l ed  redwing 
I c t e rus  bu l l ock i  Bul lock 's o r i o l e  
Sturnel l m t a  9- Western meadowl ark 
Xan thocepha us xanthocephal us Ye1 1 ow-headed b l  ackbi r d  

Phasi ani dae 
Phasianus col chicus 

P i  c i  dae 
Asyndesmus 1 ewi s 
Col aptes caf  e r  

S t r i  gidae 
Bul bo v i  rq in ianus 

Tytoni dae 
Tyto - alba 

R i  ng-necked pheasant 

Lewis ' woodpecker 
Red-s haf ted f 1 i cker 

Great horned owl 

Barn ow1 



S c i e n t i f i c  Name 

Cani dae 
Cani s 1 a t rans 
lm"izs= 

Castoridae 
Castor canadensis 

Animals 

Cervi dae 
OdocoD 1 eus hemi onus 

C r i c e t i  dae 
Ondatra z i  b e t h i  ca 
~ c u s  boy1 e i  
+S 
F? - d t u s  

Geomyi dae 
Geomys bursar ius  

L e ~ o r i  dae 
Le us c a l i f o r n i c u s  
3yF-l VI agus n u t t a l l  i 

Sciur idae 
C i t e l l u s  v a r i e  a tus  
- + m m  ineatus 

Eutamias u a d r i v i  t t a t u s  
IGZTf* 

Common Name 

coy0 t e  
Red f o x  

W l e  deer 

Great P I  a ins  muskrat 
Brush mouse 
White-footed mouse 
Deer mouse 

P la ins  pocket gopher 

B l a c k t a i l  j a c k r a b b i t  
Mountain c o t t o n t a i l  

Rock squi r r e l  
Thi r teen-1 ined ground 

s q u i r r e l  
Colorado chipmunk 
Rockchuck (Ye1 1 ow-be1 l y  

ma rmo t ) 



APPENDIX C 

SELECTED BIBLIOGRAPHY OF WORKS RELATING TO WHITE ROCKS 

Biology 

Beidleman, Richard G o  "The Vertebrate Ecolggy o f  a Colorado Pla ins  Cotton- 
wood River Bottom." Unpublished !% thesis, Un ive rs i t y  o f  Colorado, 
1948, 

A f i e l d  study o f  a cottonwood r i v e r  bottom ver tebrate  hab i t a t  
along Boulder Creek about two miles upstream from White Rocks. A 
l i s t  o f  the observed fauna was compiled and the same species are 
l i k e l y  t o  be found along Boulder Creek a t  the base o f  White Rocks. 

Byars, Loren F. "An Ecological Study o f  the Ants o f  the P la ins  Region of 
Boulder County, Colorado," Unpublished PI4 thesis, Un ive rs i t y  of 
Col orado, 1936. 

A descr ip t ion o f  the co r re la t ions  between the an t  fauna of a 
compact b u t  ecologi cs l  l y  var ied area and i t s  topography. Whi t e  Rocks 
was one o f  f i v e  study s i t e s  f o r  co l l ec t i on  o f  specimens. 

Weber, M i l  1 iam A, "The Flora o f  Boul der County Colorado." Unpubl i shed 
two volume work sponsored by Biology Department and the Un ive rs i t y  of 
Colorado Museum, 1 949, 

A two-volume work which includes a key t o  the f l o r a  of Boulder 
County and a 1 i s t  o f  a1 1 plants  co l lec ted as p a r t  o f  the Un ive rs i t y  o f  
Colorado Museum co l lec t ion,  White Rocks was a f a v o r i t e  co l l ec t i on  
s i t e  and about 90 d i f f e r e n t  species o f  p lants  were found there. 

E m n s ,  Samuel F,, Whi man Cross and George He  Eldridge. "Geology o f  the 
Denver Basin i n  Colorado," United States Geological Survey Monoqram 
27, 1896. - 

An ear l y  study o f  geology i n  the Denver Basin. Mention i s  made 
o f  the s t ra t ig raphy  and the coal seam a t  White Rocks, 

Fenneman, N.M. "Geology o f  the Boulder D i s t r i c t ,  Colorado,'' United States 
Geol ogi  ca l  Survey B u l l e t i n  265, 1905, 

A geological study of about a 15-mile radius o f  Boulder, Colorado, 
The o r i g i n a l  purpose of t h i s  repor t  was t o  f i n d  petroleum i n  paying 
quant i t ies .  White Rocks was mentioned as having excel 1 en t  exposures 
Fox H i  11s and Laramie, 



Fenske, Paul Roderick. "The Origin and Signi f icance  of Concretions." Un- 
pub1 ished PhD d i s s e r t a t i o n ,  Universi ty of Colorado, 1963. 

A desc r ip t ion  of the  Fox Hills and Laramie s t r a t ig raphy  i n  the 
v i c i n i t y  of  Boulder and an inves t iga t ion  of the  concret ions found i n  
these  formations. Special reference is made t o  concret ions found i n  
the White Rocks area. 

tlayes, John R. "Cretaceous S t ra t ig raphy  of Eastern Colorado." Unpublished 
PhD d i s s e r t a t i o n ,  Uni vers i  t y  of Colorado, 1950. 

A r e p o r t  of the Cretacous s t r a t iq raphy  of  p a r t  of nor theas tern  
Colorado, southeastern Wyoming and the  southwestern corner of  Nebraska. 
As p a r t  of t h e  overa l l  s t r a t i q r a p h i c  s tudy,  the Fox H i l l s  and Laramie 
formations were examined a t  outcrops, White Rocks was one of  the  sites 
f o r  study o f  these  formations, I 

Henderson, Junius. "Cretaceous Formations of the  Northeastern Colorado 
Pl a i  ns ," Colorado Geol oqi cal  Survey B u l l  eti n, XI X ,  1920. 

Purpose i s determination of the  s t r a t ig raph i  c pos i t ion  of north- 
eas te rn  Colorado coal beds. A l i s t  of f o s s i l s  found near  a f a u l t  a t  
White Rocks i s  included i n  the  work. 

Horner, Wesley Pate. "The Fox tiills - Laramie Contact i n  the  Denver Basin." 
Unpubl i shed fM t h e s i s ,  Uni ve r s i  t y  of Colorado, 1954. 

A study of the Fox H i l l s  - Laramie contac t  i n  six major outcrops 
in the area  e a s t  o f  the Front Range f o o t h i l l s ,  including White Rocks. 
This t h e s i s  proposes a change i n  the  previously defined contac t  be- 
tween the two formations. The s tudy was based on evidence from t h i n  
sec t ions ,  s i z e  ana lys i s ,  measured sec t ions  and f i e 1  d observation. 

Parkinson, Lucius James Jr. "Geology o f  an Area East o f  Boulder, Boulder 
County, Colorado," Unpubl i shed MA thesis, Uni vers i  t y  of  Colorado, 
1956. 

T h i s  t h e s i s  maps the  s t r u c t u r a l  and area l  geology o f  an a r e a  
e a s t  of  Boulder and r e l a t e s  the  local  s t r u c t u r e s  t o  regional s t ruc tu re .  
Special a t t e n t i o n  was given t o  f a u l t s .  Four north-trending Paul t s  
in  the  White Rocks area  were mapped. 

Geography 

Netoff, Dennis Ivan. "Polygonal Jo in t ing  in  Sandstone Near Boulder, Colorado,' 
Unpublished MA thesis, Universi ty of Colorado, 1970. 

Master 's t h e s i s  descr ib ing the  nature  of t h e  polygonal j o i n t  
p a t t e r n s  found in  t h e  upper Laramie sandstone. Through f i e l d  work done 
on the  tur t lebacks ,a  hypothesis was formulated a s  t o  their or ig in .  

Young, He1 en Louise, "Whi te Rocks : Soci a1 , Cul t u ra l  , and Land Use Changes 
Affect ing a Natural Area," Unpubl ished MA thesis, Universi ty of Colorado, 
1970. 

MA t h e s i s  descr ib ing e f f e c t  of urban growth on t h i s  na tura l  area. 
Evaluates the  po ten t i a l  uses of t h e  area  and recommends s t e p s  t o  be 
taken t o  preserve its unique qua l i ty .  



APPENDIX D. 

LIST OF INDIVIDUALS CONTACTED THROUGH INTERVIEWS 

AND SUBMITTING LETTERS AS TO THE VALUE OF WHITE ROCKS* 

Ind iv idua l  

Bock, Carl E, 
( i n te rv iew)  

Pos i t ion o r  I n t e r e s t  

Ass is tant  Professor o f  Biology, 
Uni vers i  t y  o f  Colorado 

Bradley, Wi l l iam C o  Professor o f  Geology, Uni vers i  t y  
( in terv iew)  o f  Colorado 

Crow1 ey, Lawrence Do Science Teacher, Boulder Publ i  c  
( l e t t e r )  Schools 

Gre g, Robert E o  Professor o f  Biology, Univers i ty  
S l  e t  t e r  and i n  t e r v i  ew) o f  Colorado 

Kroeck, Wi l l iam F. 
( l e t t e r )  

Lon ley,  Warren W. 
? l e t t e r )  

Graduate Student, Department o f  
Geography, Uni vers i  t y  o f  Cnl orado 

Professor o f  Geology, Un ive rs i t y  
o f  Colorado 

MacPhai 1, Donald D, Professor o f  Geography, Uni vers i  t y  
(1 e t t e r )  o f  Colorado 

Netoff,  Dennis I, 
( l e t t e r )  

Rodeck, Hu o G o  

( l e t t e r  7 
Shushan, Sam 

( l e t t e r )  

Graduate .Student, Department o f  
Geography, Uni vers i  t y  o f  Colorado 

Professor o f  Natural H is to ry  and 
D i rec to r  o f  the Museum, Univers i ty  
of Colorado 

Associate Professor o f  Biology, 
Uni vers i  t y  of Col orado 

Thorne, Oakleigh 11 President and Director ,  Thorne 
( l e t t e r )  Ecological Foundation 

Weber, Wi l l iam A. Professor o f  Natural H is to ry  and 
(1  e t t e r  and in terv iew)  Curator o f  Museum Herbari urn, Univer- 

s i  t y  o f  Colorado 

Weiser, Martha R, 
( in terv iew)  

Landowner and Resident o f  White Rocks 

Wi l lard,  Beatr ice E. Vice-president, Thorne Ecological 
( l e t t e r )  Foundation 

Williams, Olwen 
( l e t t e r )  

Professor o f  B io l  ogy, Uni vers i  t y  o f  
Colorado 

* Le t t e r s  are  i n  possession o f  Mrs, Martha K. Weiser, Boulder, Colorado. 


