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THE.RIVER'' BOULDERS. 
•IK-'-'.'ZION .' CAMYON.V'." 

• 

&y J, C. Anderson 

Conspicuous because of i t 3 t o t a l d i s s i m i l a r i t y to tho inc los ing-sand­
stone wal ls . , . the r i v o r - c a r r i o d mater ia l in tho bottom of Zion Canyon foims 
a mass of hotorogoncous rpcks gathered from tho pla teau drained by the Vir -

' gin R ive r . -. Several thousand feet of rock l aye r s on .top. pf the inc los ing ' 
'cliffs 'of.-Zion-Canyon have .supplied' the' gront v a r i e t y and types o f r a c k ' t o 
be found along the r i y o r . , Those' rock layers- r ep resen t tho sea and land *e -

' p o s i t s load down .-through many mi l l i ons of yaars , . extending from the geologic 
past t o tho .presonij day'. ' •'•'•'' •'••";• - :•'•;.-,. ,.. . . ' ' - . - -

The t r a i n e d eye of the geo log i s t can, a t a glance, name and place in 
t h e i r 'proper pos i t i on i n the rock layers tho d i f f e r en t types of ' fock on the 
v a l l e y f l o o r . But .the average fa s i t o r ' t O - Z i on Park . i s only thropa in to 
g r e a t e r confusion by each succeeding 'how kind ofi rock-.because very few are 
composed of the soma ma te r i a l tha t forms the c l i f f s of; tho canyon proper . 
I t i s the purpose of t h i s shor t paper to1 describe.,; name, and locote as t o 
o r i g i n tho different) rocks t h a t "are commonly soon in the Virgin River . 

• • - ' ! . ' i j 
-'-A cursory oxaminatioi of thC''problem-revealed that every major rock 

class is represented: uomoly. figneous ', sedimentary,, and metamorphie. 

• •'... ;•»/ • • . . . 
Igneous rocks having t n o i t o r i g i n from' tho i n t e r i o r of tho ea r th have 

covered largo areas i n the form of lava f lows 'and:c inder conos. These 
rocks are represented by roundod boulders of basa l t lava usua l ly r i c h in 
omal'li-masses of greenish glass .ca / l lod Olivine-. The jauch rpunded shape of 
tho l ava rack, a s eyi^dphpe or the' '16ng ;distaji;ce i t hps. been c a r r i e d . 

- 'The'sedimentary, c l a s s , represdntik well over 95$ of the rock in the r e ­
gion-, b u t i c s the c l a s3 i s ropresoivtod in t h e . r i v e r ca r r i ed rocks i t f a l l s 
f a r ' b b l o w t h a t t o t a l r The reason i s , ' o f course, tha t tho sedimentary rocks 
are i e s s - durable• than tjio, dense, lava or ' igneous rock . Then again , the 
auantzi te- is ; . -c lussoj i .as ' pqtar.iorphi'c though:-In . this 'iregion i t is of s e d i ­
mentary or ig in . , . . Sedimentary rocks'1 vary' in1 cha rac te r and composition so 
g r e a t l y ttfiat: ft minor cons t i tuent of the •rdcidvlQyers; nay jump in to p r e ­
dominance in the p i v p r ..gravel. .Sandstone and shule are c l a s t i c or 
mechanical depos i t s t ha t Ore hard o r soft according) to the s t a t e of con-
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a o l i d a t i o n t tho amount and typo of cononting n o t o r i a l holding the i n d i ­
v idua l g ra ins t o g e t h e r . S i l i c a , the chief cons t i t uen t cononting the e o -
ca l lod 3 i l i c i o u s sandstonos :.iakos a very hard rock v/hile gypsun ao a 
cononting mater ia l i s oxtrenoly weak. Line va r io s r a d i c a l l y and make a a 
hard to vory V7oak nonont. Chenically deposited rock usua l ly forns a very 
r e s i s t a n t do,nso n o t o r i a l such as l i ne s tono , che r t , and tho var ious con­
cret ionary- depos i t s found in 3and3tono and s h a l e . Organic sedinents are 
usua l ly 30ft on weathered exposures. This i s t rue of coal which burns and 
s lacks without much chance of boconing nixed in the r i v e r rocks . Sometimes 
organic n a t e r i a l makes a chenical change, as i n the case of p e t r i f i e d wood. 

Motanorphic rocks aro not found in the Virgin River drainage as bed­
rock, but are derived fron l aye r s of grayol and conglomerate in the s e d i ­
mentary s e r i e s . Tho o r i g i n a l source of the hard qua r t z i t o s and black 3 la te 
i s s t i l l unde tomined . Those-rocks are r a t h e r abundantly represented in 
the r i v e r gravel by a groat va r ie ty of white t o b r igh t ly colored quor tz i t e 
boulders nnd pebbles . To give a conception of the r e l a t i v e abundance of 
tho var ious rocks , s n a i l squares two to three feet in s i ze were blocked out 
a t various po in ts alon 5 the r i v e r . Tho rock fragments were ca re fu l ly s o r t ­
ed and given a percentage r a t i n g according to the amount represented in 
each case." Much more work needs t o be done but the following rock counts 
nay be takon a s ' i n d i c a t i v e of what a complete and thorough study would 
e s t a b l i s h . .. ' . ' • ' ' •• », 

I , - . Rocks found in a two foot square about 200 yards below tho 
...., ' suspension bridge in front of Zion Lodgor 

v. . 20/i red snndstono; s o f t . • '•''-1 , ' . . • 
. , . . . ' , 28/j buf|" and gray sandstone; r a t n o r hard and 

. • • , .• t i g h t l y cei.fjr.tcd. • ' ' 
» I4;j cher t and s n a i l pebbles of. quor t z i t e . 

' • • - • * " ' 20;j lava ; ve s i cu l a r to denso. „ * 
'14,J gray and buff limestone ( in par t , f o s s i l i f o r o u s ; 

• v / . . a b o u t 30>.'. i s o o l i t i c ) 
3;1-' concretioriary rocks ; i r o n s t o n e . 

, -T/i p e t r i f i e d wood 

. I I - R p c k count one-half i j i le above public' canpground: 
5G> gray to buff o o l i t i c l imestone; in par t f o s s i l i -

/ * . ' . ' . ferpus; often b lue in color but buff on 
broken su r f ace . 

28/^ g ray , ' bu f f ; f ino t o nediun grained sandstone; 
l i n e , s i l i c a and i ron cenontod: f o s s i l oys ters 
found l ike those in the S t r a i g h t C l i f f s Sandstone. 

I. T/o pink l imestone; zigzag ve ins of pure c a l c i t e . 
11$ lava; ves icu la r t o denoo; black to b lue -g ray . 

' ' 3$ cher t , . q u a r t z i t e ; about 1)' angular , the r e s t 
wel l rounded; sons in c o n g l o n e r i t i c . 

One ' sna i l bounded fragnont of c o a l . 

http://cei.fjr.tcd


-46 

tlfX '.-; Hock count in th ree foot square one ha l f n i l e bolow the 
- l ' ' / ' Temple of Sihaw'aya: ' • ' . . . ' . . -. . 

. . .•'.', '.'-. .15$ .cniartjsito: ' , _ ', ,4t 

''*'['. '.' '. ',''' ''" .. , 2$ angular , corvgloneritie '"' ,,£ . 
; ' ' ' '" 5$ whi te ; sub-angular to well rounded .', /M 

&> rod, gray," b lue ; angular to near ly rounded. 
" ' ' 35$ blue, to .gray buff l i n e s t o n e : , . . . " • ' . 

liHiiJ^L'rxJ^. • Wfc~&bte* buff ' - • l j ,. : • • : ; § ' " ; ! " 
IZ/o oolitic; foosili'ferous r> ; 

5/o li..io3toJ:0 conglomerate 
21'/' sandstone: 

;.•'•' 12$ buff, gray, and fossiliforous in part 
. .,..'./ • 4/J peppery with blade grains of chert 

,-,'' ]4t% light-rod • . ,">.'.' 
,.'/'•./' lio dark rod '._ • u \.,'-'.' ..'•; ,' 

-455 pink linostonp' '•'•'.•• •' ; / 
6yo chert; red'and'blade *'"• 

i&/i iava 

Tho Navajo Sandstone seen in the cliffs of Zion Canyon locally con­
tributes large ar.iOU.nts of soft red sandstono to the canyon floor where it 
is seen in various stages of decay. In dry situations the. red sandstone is 
hard and resistant, but whprb moisture is available the porous rock soon ab­
sorbs water which softens the line and iron cement .'to'such an. extent that 

"the touch of h finger'rovoals a soft crumbling mass easily washed away .as 
sand. Tho white'part of the Navajo Snnd3toho, comprising.approximately the 
upper third 'of the fqrr.tation\ is'Much'"softer'than tho red part .because it 
does not have the strengthening bbrjbinatibn of iron oxides. Consequently 

.'" it is' very seidon soon on'the cahybh floor. . . 

• ' Trias sic, Chinlo formation supplies.d very small amount of very red 
sand to the river where 'this formation, id exposed'at the b.ase of'the sand­
stone" cliffs.'.' ""!,'•'.' .• " 

A Jurassic" marine limestone, the Carnal' formation, some 300 fept . 
thick, directly above the Navajo Sandstono, is a great contributor to the 
rivbr gravels as shown by the- rocksections. It is fbs&iliferous and in 
places oolitic."' Oolites'are small'lino concretions:! round and smooth. , 
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Thoy can bo found in great abundance on the shores of Groat Salt Lake 
shore thoy for/., the sandy benches. Becauso bf its dense crystalline nc- ^ 
turo tho Cnmol forrintion i3 particularly adapted for long distance trans- • 
portation by v/ator, resisting in turn the sh^cks-ond mechanical forces im­
posed by flood waters and tho chemical 'Attack, so dostrudtivo to tho 
durability of othor rock formations. Fossils, aro yory abundant in cer­
tain zones and it is not hard to locate-'the fossil bearing horizons when 
crossing an exposure of this limestonol Trigonia;and'Pontocrinus asteris-
cus are rather characteristic. 

Overlying'the- Carrie 1 formation aro:several hundred feet of sediments, ;.. f 
that aro not ropro3ontod to any measurable extent in i;he river gravels; . ; ,-
but immediately overlying tho uppermost df these is-a; layer of coarse gra--, 
vel and sandstone (Dakota Format ion) that "Cantributes much of the snail round 
chert and guartzi'te pebbles ; black, red,' and "brown in color. This is the •:''.' 
basal member of a sorios of more than 3^000 feet of cretaceous' sandstones 
and shales ending undor ..the Pink Cliffs; Prominent deposits of gravel .occur 
in about two. .placo3 in the series and a careful comparison of these gravels 
with fivigments found: iri the Virgin River show them, to bo similar in color, 
texture, and size All of the tuff and gray sandstone bounders found in-i 
the cozv/on have their origin in tho ledges of Cretaceous sandstone. Tlio. 
black peppored sandstone, comes.from the Kr.ipnrouits formation just below1', I• 
the base of the Pifik'Cliffs. Large bounders having abundant fossil remains 
are common, several-reir.g ce:iyo:iio:.tly located near tho end of the .Narrows 
Trail. An abundance of soft gray .shale in the -Cretaceous"is responsible 
for the unusual muddy color of the Virgin River. Prominent because of its 
thickness and the imbricated drainage pattern it produces, the 600 foet of 
Tropic Shale probably contribute more silt; then the dozens of thin shclo 
beds that lie in the sandstones, abo-vo it. During the late summer when 
cloudbursts are-common, a great-amount of mud is supplied from the Cretaceous 
sediments and swept into the' canyon, greatly increasing the Virgin River's 
pewor to novo lnrge roc"ks''.and small; far from their, previous positions. 
Occasional fragments of c'oal and petrified wood are found in-some of the 
gravel bars and have their origin1, in the lower part of the Cretaceous em­
bracing the Dakota and tho lower part of tho Tropic Shale. 

With the discovery of small very round quartzite boulders, totally 
different from anything to bo found in the Jurassic or Cretaceous far- \ 
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nnt iona , ear..o n perplexing problcn which waa solved whon tho aourco of theso 
bouldora wan found in . t he lower par t of tho Pink C l i f f s , whore l a rgo nnsses 
of qun r t z ( t o conglQuorate forr.i l e n t i c u l a r ' b o d s . This n o t o r i a l has t r ave led 
tho r ive r* tod noro than 215 n l l e a "and with i t came aono of tho pink inpuro 
l i n n s t o n o . 

• 
Many of tho lava boulders havo boon ca r r i ed f a r t he r than any of the 

o ther rocks , having cone from on top of the Pink C l i f f s . Tho road between 
Oodnr Pranks and Navajo' Lake crosses par t of tho grea t Inva bodo tha t sup­
ply bouldora to tho Virgin d r a i n a g e Servo of the lgnoduo rooks , however, 
do not cone frcr.i such ronoto . rogionr , . but from lava f Iowa " that f r inge tho 
west and northwest odge of the drainage a r ea . These flows are supplying 
rod and black ve s i cu l a r lava to tho canyon boulder d i s p l a y . 
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LIFE .ZONES 
by C. G Preisnall 

i Luring tho coning wintor wo plan to publ ish a ser ies ' of a r t i c l e s on 
b i r d s and a n i m l s , deal ing ch ie f ly with t h e i r d i s t r i b u t i o n in. Zion, Bryce, 

. and Coder Breaks. Sinco the d i s t r i b u t i o n of a l l ferns of l i f e i s d e t e r -
. mined to a grea t oxtont by temperature, wo w i l l present in t h i s a r t i c l e 

Q b r i e f summary of t h e temperature cond i t i ons , or Life Zones* in the 
t h roe a r e a s . 

Travelers v i s i t i n g tho Southern Utah Parks invar iab ly not ice tho 
pronounced c l imat ic difference between Zion Canyon and Cedar Breaks, a 
d i f fe rence equal to t h a t ex i s t i ng between nor thern Mexico and control 
A laska . Many.degToas of l a t i t u d e , normally in tervene between such d i -

; ve r se c l ima te s , but on s t eep mountain s l o p e s ' t h e ' va r i a t ion in a l t i t u d e 
has the effect, of; te lescoping the; normally broad c l jb r ja t ic .be l t s - in to 

,.'riurro7A----zoiM>s;-<''; .Hbnco T/e'haVb tho ' cond i t i on so not iceable to v i s i t o r s 
i i n the Utah, parks , a condit ion t h a t is much bore'pronounced on many 
i mountains thahpj t . . i s -on Cpdar..Mountain. ---Classic-e}canp le£J o f $&-$$ a r e 

' 'the San Prcuicisco Pook3, in Arizona, and San Tncirvfco Mountain, in C a l i ­
f o r n i a , both- of which have Alaskrj^-eMrntw;wit^CIic;i"r summits and.Mcxican 
jel ' inatenjrtspj^fll^^W^^^^S^Ii ' .oii -thkAv-«re-,-h'.n,'cvur] more i s l a n d s 'of 
cold climate- bosinged oh a l l s idqs by the heat •waves of extensive worm 
a r e a s , whereas 'Cedar Breaks -represents the' southolrnnost extension! of a 
long unbroken peninsula . o.f,,.bo.reaiJi:li:nnto---e-x-teiid-ind down the Rocky 
Mount^hs ' / ' f^UlJ^iadVi. M? •_ .,/-}••; B _ ' - . - - 1 - - "-'-'v "~-H 

• 'Similarly, : Zloh Canyon is the'. no rt l ierh extension of a g rea t area 
of Aust ra l , c l imate aaEftaBfllffi fajphifehrngprofaao "River? fron Mexico. [In other 
WCr'ds'j"-F'tfufjrc1^ -pinco—wherc ptiTv^Ttong arms of climate 
£xs&S&$ji^:xiJi&r\!ig±ic&tt%6\\& t o 'wpthTrrBS'miles" of' each o t h e r . I t i s 
i jbssiblo to ' t r a v e l tho 2000-odd .mi[Les from the Arct ic Circ le t.oiCedar 
Breaks without; leaving Boreal c l i ; jn to , then descendi 6,50.0 feet in[29 
n i l o s to tho Mexican or. Lowor-SoriojKin climate .of lotaer Zion Canyoh, and 
cont inue in t h a t \ h l ina t c during the remaining''350-bdd miles t o Mexico. 
Tliere arc .only the- ether, places injNorth Ar.iorion tha t exhib i t t h i s Life 
Zono arrangement. One i s a t t h e abuthern end of the S ior ra Nevada, and 
the o t h e r . i s a t the southern ond of tho Snngre do Cris to 'Range, i n 
n o r t h e r n Jiqw_M53^cp.A'._llndJjC;t.h..of._ these—cases, •however," there""aTfe"riinor 
interrupti'qna'"--£n. thb' .tbr-oal-zone ex tens ions , caused by narrow Trans i t ion 
Zone- v o l l e y s . '.'.....'. • -"_ -.; .. .. j . . . . . • 

' ; • " . . " _ ' "' - '•" •'..'.•'..."•-"••"'•" • "•" i j . . ' • > : t 
:l.-..;TJh.us..jfax ^o-4iave-:ref©riwd"tT/" the" climate" of' Cedar Breaks as 

Bbrenl or Alaskan, but i t i3 proporly designated as iHudsonian and j 
Canadian. The forr.ior oxtends from Itimberline down \i3ually to 10,000 feet 
from whenco tho l a t t e r usua l ly extends to 8,500 f e e t . P r ac t i c a l l y ! a l l 

i - • - ' ' 

file:///hlinatc
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S impl i f i ed to .snow only the / .pr incipal 'areas ' 'of the .Bore.aX Region 'and the 
, : ' • • • • Lower Sonofan Zone. '•'.•:•, v .. * ' • • ' . 

o f 'Cedar Breaks.,.National Monument l i e s wi th in- these . two zones, only a very 
small a r e a beneath the Pink C l i f f s being below 8,50Q f e e t , while the h igh­
es t ' p o i n t (10,700 feet ) lacks several .hundred fee t of reaching t i m b e r l i n e . 
Al l of the monument 'now access ib le by rohds' and t r a i l s i s i n the Hudsonian 
Zone', which i s here charac te r ized by Engelmnnn Spruce (Picea engelmanni)' 
and Alpine Fir (Abie3 l a s i o c a r p a ) . The r e l a t i v e l y barren Pink Cl i f f s of 
Cedar Breaks are ch ie f ly within the Canadian Zone, but t h i s zone i s much 
b e t t e r represented in tho higher por t ions of Bryce Canyon National Park, 
where t h e r e are t y p i c a l l y Canadian f o r e s t s composed of. White Fir (Abies 
concolo.r) , Limber Pino (Pinus f l e x i l i s ) , and Quaking Aspen (Populus tremu-
lo ides a u r e a ) • 
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Tho nor thern nai f of tho plntoau at Brycc, between. 7,600 and 8,400 
foo t , r ep re sen t s t y p i c a l Transi t ion Zone, which norjinlly extends froii 
7,000 to B,500 foot in th ia r e g i o n . All of tho high plateau country in 
Zion is a l s o in tho T rans i t i on Zone, but because of i t 3 lowor o lova t ion , 
(6,500 to 7,800 foot) i t has sor.ia c h a r a c t e r i s t i c s t h a t aro not so evident 
a t Brycoj for1 example| a g r e a t e r anouiit of oak brush (Quercus u t a h o n s l s ) , 
Tho T r a n s i t i o n Zone fo res t s in botli parks aro nonrly pure Yellow Pino 
(Pi nun pond orosa) b u t ' a t Bryca tho oak ur.dercovpr i s l a rge ly ropin cod by 
Manzanita (Arctostaphylos p la typhyl la ) ' . ' . .. • . '.''• 

Rolow tho r ins /qf . Dryco and Zion 13 tho Pi'non Pino-Juniper-scrub 
f o r e s t , which Ind ica tes Upper Sonornn Zono. .' l i t Is-.av comparatively broad 
7,ono, usua l ly extending frohV.OaSOC fee t down'to 4 ,000, with occas ional ly 
wider U n i t s ,6a-. groat as 7y0.0O': tp':.'a,;7Jft0 .̂fe_ t̂:i:--'VTliq- c h a r a c t e r i s t i c scrub 
f o r e s t , n i th 'nhny open: .ox pins on:! of r .hapdrrdr, covers tho. ;dnti.ro zone ox-
oopt where ^'infrequent strear:s or springs: furnish noisthi-rc-' enough for 
Cottonwood's ./t'Pdpulus_ fromonti) aijl various .other deciduous s p e c i e s . 

Only n'vci 'y snhij :;arph- of .Zion National Park l i e s ' i n the Lower 
Sonornn Zone . ( t emed Mexican in the f i r s t par t o f^ th i s ' a r t i c l e ) / ''Tho 
lower ends ofJ.Zior. Conydn," ^atrunuvoap Canyon, Shqnos.Creok, and/Coal P i t t 3 
Wash, a r e ' a l l t i l t hi n thi-'s zon'o.,. In canti of tho f i r s t thrpe canyons thoro 
axe l e s 3 than 6p\hcros of Lower Sonoran climate included .within pne pork 
boundar ies ; in Cfcial P i t t s Wasli there are between 900 ohd;^ /^f | ' a c r e s . A l l 
of those stronnd ::aro par t of the Colorado .drainage sys tw^i ' ana . ' a l l r e p r e ­
sent tho northern end of the i/icxienji'".plir.iato.. qxtonsion dr'ea'dy r e f e r r e d 
t o . The Lowor Sonoran Zone' i s ' ' in ' - this rcgipn ajbaost t r e e l e s s / c x c c p t whore 
deciduous t r oe s extend down well watered v-alleyb from 'the Upper Sonoran.. 
Only or.o new t roo spddies'r.-okos i t appearanco i n , t h e Lower Sonoran of Zion 
Nat ional Park - the Mosquito' (-Prosopis j u l i f l o r a g landulosa) ' . Most of 
Lowor Sonoran in Z ion l i s covered wi th-a sparse stand ofi xerophytic shrub3, 
mingled with e i g h t h "pecios o f ' c a c t i . *. ' , J .,•:' •• 

In forming a mental p ic ture of the l i fo.zor .os .in Zion, Bryce, and 
Cedar Breaks (or any other l o c a l i t y , forj.'-that .riajt'ter) , i t should be r e -
no-iborod t h a t the zonal boundaries do- not •cxisehu • ho r i zon ta l ly around the 
mountains l iko anciont shore l i n e s ; hanoa a l l references to zone l i n i t s 
have boen qua l i f i ed by such adject ivos as "usua l ly" or "normally". Tho 
l i m i t s uf any given zone oLift up up, down fro;-! t h e normal to a su rp r i s ing 
d e g r e e , . At, one point.. on Horse Tasturc P lo toau , in Zion National Park, ; t ;he 
Upper Sonoran Zone extends up a worn.sunny slope t o 7,500 fee t , yot an 
obsorvor s tanding there among the Pinons and Junipers can look down to a 
shady protected va l ley 1,100 foot below whore Yellow Pines and Quaking 
Aspens proclaim Trans i t ion Zono.- co;;;.pl.ete r e v e r s a l of. zones, caused, ,, 

^chief ly by di f ferences in exposure. Qn,.;the: f a r s ide of . t h i s T r a n s i t i o n . 
Zone. Valley i s a. narrow canyon whero | the.. sun shines . but a fe.wj hours a day. 

.There, .at an e levat ion of 6,400 f o o t , ; i s ; a - d e n s e s tand of T rans i t i on Zone 
t r e e s , (pspudosjuga.and .A.biqs) beneath which, grow herbaceous plants ' 
u sua l l y found^TTMgh Trans/il ' t ih' dr low,Canadian, Zones. Such, examples 
are .very numorou3,.inZion, and,.are found • to'Tj'.lesser'.'degrep. in . Bryce and 
Cedar,-|Brcak3»;,:; A, ._ . . . ; ;-...•,: •,>,/.!,; -. : i 
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Ideal Diagram of Life Zones in Zion, Biyce, and Cedar Breaks 


