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This series of bulletins is issued.from time to time during the sum-
mer for the information of those interested in the educational oppor-
tunities, the natural history,. the scientific features, or the scenic
beauties -of this region. Publications Using these Notes SHOULD GIV"
CR™DIT TO THZ' ZION-BRYCE NATURE HOTES AND AUTHOR.

Thomas J. A;len, Jr,, B . A« M. Woodbury,
Superintendent. 4 : . Park Naturalist.

EROSION NUMBER

, Zion and Bryce Canyons represent uniaue phases of erosion, the
former a vertical-walled U-shaped canyon of great majesty and beauty,
cut primarily by a river; the latter a. bowl or amphitheatre full of
pinnacles or monuments of such infinite.variety and pattem as to be
almost unbelievable, cut and carved primerily by the myriad trickles
of water that flow after 1nfrcquent rainstorms and melting snows.

It is thc scenic features of these two canyons that attracts
most attention, but ths chief message which éach has to offer is one
that appeals.not only to the acsthotic senses, but qlSO to the under-
standing. Perhaps the highest enjoyment cOmes to one viewing these
“unique hendiworks of nature when the story of their creations is
understood. Tiis story is primerily one of erosion, hcince we have
asked each naturslist to tell the story, cach one from a diffcrent
point of view. ' %e hope that each article will add somothlng to ths
undurstundlng of these naturel wonders.
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THE C:RVING OF ZION CANYONW
Bv A. ki. Woodbury, Purk Nziuralist

Zion Canyon was first cut by a fork of the Virgin River as a deep,
narrow gorge, just wide enough to accommodate the stream, undoubtedly
leaving potholes (mede by eddies in the edge of the currbnt) perched up
in the side of the e¢liff where thoy were cut as the strcam entrenched it-
self in the solid rock. v

. The cutting power of the strczmm was given to it by land elevetion,
which gave it more fell es the land gradually rqose toward its present
position. T.g.increcsing gradient allowed the river to cut decper and
farther heddward toward thc mountains, thus produc1ng younger gorge up-
strezm. A The river heeding in the high plateaus having plcnty of fcll so
that it could .cut, and flowing through a scmiarid région, was thus able
to entrench 1t5u11 by digging downward fastor then thc othor forces of
erosion were.zble to tear off the side wells,

Tiiz river cut thg.anltltl gorge, “but WLarlné avay of the sidu
wells is 15Fgely ‘due to other fectors, although the river is 'still the
chlef transportetion agent which moves the sedimgnt downstream toward

luvel. . o an s e R

Tho physicel egencies of erosion undoubtedly pley the principal
rolc in reducing tho walls of the cenyon, but of course, living orgunisms
modify these physic.l agencivs, cither in the dlrectlon of z.ccelerating
erosion by dlsintogr‘tion or brucklng of rocks’ &s-by plunt roots, and by
exposing bere soil, «s by trumpllng of “nlmgls, or ‘in"thé direction of
rata rding erosion such :.s by binding .or holding ithc goil by plhnt roots
or by protactlon of the surfrce by g, lbyer of pl<nt 11tt

~ The pr1n01pgl phyuicﬂl qgent is redn: wct :r; ccting either dlruct-
ly upon thc surface o.s run-off, or indirsctly cs @round vater, perco-
leting through the rock. In cither cuse, the epperent effect is upon
the surface. ‘The run-off vater \orﬁs lergely by -solution - taking out
the ccment from the rock gnd érlndlng writh- 1oosoned sund grains.

Tha ground wveter mLy opvr"te in SGVLT l weys. Emarglng near the
fboot of the cliffs cs. se;ps ors sprlngs,,or mirely: 28 cvaporeting water,
it undermines the cliffs, prupurlng tho wey :for. great rock fell, either:
&8s arches or is lirge mgsscs.___ L CUNLE - Y :

Run-off woter works lergely from <bove c:rrying great aquoen-
tities of sediment from the top of the cliffs, down into the cocnyon.
The ground veter works largely from belos:, undermining the cliffs and
meintaining vertic:l walls as they cre thus pushed farther :part. Both
processes tend to widen and to fill the ccnyon, since more matoridl
comes into it thim the struom con trensuort. As the wells wre pushed
back end the floor filled up, this leveling process will eventuclly
oblitcrate the c:inyon, so bs sure to enjoy it before that time arrives.
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EROSIONAL AGENTS OF BRYCE CANYON
By K. E. Weight, Ronger-Naturalist

The main Bryece Canyon is really o great amphitheater composed of severzl
smell canyons leading Cowvn from the rim, collecting together in the botton.
It hcs no permanent stream of vwater flowing throuch it: It is a canyon of
intermittent or. ephemeral streams. These streams vary in size and depend
entirely upon the water from infrequent rainstorms and melting snows.

Rain weter is the prinecipal agent of erosion, assisted by wind, frost,
plants and animals to & minor degree. Upon looking over the rim of the
cenyon, one sees a steep hillside. This steep slope has thousands of |
ravines, ranging in size from those just visible to several fecet in depth.
The smaller oncs near the top graduclly coalesé¢e into one large.onc near
the bottom. They have been fomed by the rcin water on its way to the bc%-
tom of tie canyon. During a-heavy rainstorm thousands of ffickles of water
flow from the slope dovn those ravines, colleeting fogether to form a large
stroam at the mouth of the conyon. ' 3

Pure water has very little cutting pover as it passes over rocks, but
vhen amed with .small--particles of eclay, sand ond silty it funetions like a
file or rasp, cutting the limestone rcck cway at o ropid rated These
thousands of rivulets remove the soft clpoy soil that is in its peth and soon
the bare hard rock is exposed. The grinding of the heavily loaded water,
corves dceper and deeper into the pink limestone cliffs, until finally deep
canyons aro formed.” Well Street, through which the Navajo Trail- passes; .is-
one of the best oxamples. : ) :

The verticel wnlls of the individual canyons, sonetines five or .six
hundred feet in height, are groduclly cut erosswise into separate parts by
similar processcs. Monuments or pinnccles of various shepes finally result.
Some hove a heavy ecpping ot the top which resists orosion more then the
softer layers unCerneath. This produces undermining oround the sidos of
the pinnacles, and they eventually bocome so thin at the softer layers that
the larger mcss abeve topples over.

;The various monuments are being weshed more slencer anc graceful each
year. Continued ection of the agents of ercsicn finally couse the monu-
nents to disappesr entirely. When this stags is reaclied the landscape will
be thot of smooth rolling ridces, separated by smell ravines.

The monuments 'cnd wells ¢f Bryce C.nyon whei viewedifrom,a;distancc,appear
tc be very scft. This impression is due to. the clay depcsit thet is found
on the surfece. Ruin water falling on the monuments above picks.up the fingc
clay particles from the varicus leyers and as the water continugs cdown, the .
wall, leaves pert of its-load &s a "kelsomine" Ceposit on the sides of-tho -
walls or pinnacles, thus often hiding tho roel color of rock underneath.
The kalsomine deposit is sometines several inclies thick.
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The rate of erosion is comparatively rapid ot the heads of the
various cenyons. Conifers growing on the rim have bien undermined by
the action of roin water cnd wind. Dhoots exposed for several foect on
the canyon sidc are evidence that the cenyon is ecting graduclly into the
forest on the ‘plateau above. This ratc of rocession is estimated to. be
about one~helf or thrce-quarters inches.per veer.: ‘The monuments erode
awcy much slower, ‘estimeted .to be ebout the :thickness of a thin piece of
P2PTE PeTr YOET. '

. Gruund water, functioning as a solvent os it pusses through tho
undurground rocks, pl\ys its pocrt in the. chemical decomposition of the
rocxs;'espuclolly whore it emcrg.s from the surfice ot the foot of walls.
Iroz-caiwss are dissolved out, weaskening the rock whiéh soon crumbles
to piecos. The froczing of weter in crevices . produces a 5roht pressure
resulting: in the floking end chipping of the rock surfecé. The contlnuc,cr
~wetting &nd drying and the changing deily tempercture play a pert . in the

physicel “ond chemiccl decomposition of the rock. T i meny smill caves
found in the perpendicular white formcotion just under the rim cre prob-
ebly due to the cbove cgents.. Wind, elso, mey ©id in this undermining,
but rein witer, the Culef egent of uTOSlOn, Jould be execluded from the
undernining Lct1v1tyh S 1

Té'summtrize a myricd trlcklps of vbtur which flow following  in-
frequent heovy- rains or melting. snoyws, dig de¢up cheaunels, lc&Vlng VCTthulw
walluG. ridges between thém. Thgsel in-turn, «ro cut crosswise in a simi-
lar menner, -leaving pinnccles or tonuments. The monuments woar dovm in
two weys, prineipelly by undermining of softer leyors undoerneath by the
agency of ground water, frost, drying, ete., propzring the wey for them
to fall over, but ulso by raln water falling on the top- of " thc plnnhclcs
end running down ‘the sides. 4s nevi ridges and monuments cppear at thu
Jhend, older oncs disuppoar ns~r .the bottom, so that tho not rosult is o
grﬂduél movement he"d" rd into the platezw, leaving: ¢ lungthening -canyon
behlnd. ; ) WP IS e ’

B PLINTS AND ~EROSION
By J. W. Thornton, Rcnger-Noturalist

Roots are playing their pert in tooring down the walls of Zion
tnyon. Anywhcre you look on the wallg cné-on ‘top of the rocky pocks,
.you will finad plunts éro"lng. In ncny of those plhces therc is no soil
ot ¢12l.- The plents coms out of solid . rock end the surprising thirpe is
thet their growti is normcal. The fgct tiwt they comc from o solid rock
foundation does not secem to 1nturfere with t& ir devclopm»nt 1nto i

normal 31zad trce or shrub. :

t
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Near the beginning of the Narrows Trail ther. is o lerge sandstone
boulder thet has follen from the wall. The texture, structure, hardness
end gencrel formation of this rock is no different from any other rock
that might fall from sny of the Nevejo sandstone cliffs. On this rock
is groving a splendid specimen of our Western Onk (Querqus gambeli)

& yucca plent. mech plant is as healthy cs eny found in the soft soil

of the cenyon. The rock wffords minercls end moisture sufficicnt to pro-
duce a splendid.szrowtli. When neturc plents its secGs in solid rock, it
provides them with tihe weapons thact enable them to darill into the rock

and establish themselves. From the rock the roots get tiw things required
to carry on & ncturcl and normel growth. By exuding e acid from the

root tips, decomposition occurs -in the rock and the root succeeds in sink-
ing, itself farther into the boulder. As this lengthening process goes

on, there is &lso & corresponding thickoning of the root. This increase
of the diomaeter ceuses grect pressure to be exerted by the root on tihc
walls and frequently the wells cre cracked because of this force, and the
rocks fall into the cenyen. Often times the root is left pricticelly

bare and the plcnt froquently dies. On the side wall of the Temple of
Sineaweve thore is o young White Fir sending its roots into the wall.

Year after yeer it is looscning the slab of rock on thc outside, which
will someg day f:.1l out. In this way it vwill repoct the thing done by &
smell Boxelder troe in the Narrows where tlic roek hes rlready fallen and
the little tree hns died bececuse of leock of support from the rock that

once Ted it. Mony such oxamples of the ercsion zctivity of plants mey

be seen in the cenyon. T : -

In places where, the rock of the-well is being worn nnd crecked
by otlier agencies of grosion, you mill find the plents: Lst bllSAlnr thom-
selves. The presenco of tluSC plints. increcses the erosive action. le
roots sink morc cusily into tho rocle throuch the crovices and fracturcs
begun by other menns.. This sinking of the roots into the roeck and the
r.dded prossure incident to thse enlorgoment caused by the laying nown of
CullS under the bark, makes more ropid tho. erosive pProcoss.:

Plent rcots often open up chenncls tiuroush which water can’ run
deepsr into the rock, =né¢ upcn the decey of the roots, the ccid that
comes tnrough tho uucomposition of tiie orginie matter cetively attacks
tie rocks cnd hestons their decomposition. Other.plent orzanisms found
on tis walls such os lichens, mossss znd flowering plants, also con- 4
tribute to their disintegration. The lichen is the first plint organism
to appecr on the rocks. It forms o bed of aganic matter tict leter be-
comes the homs ol the mosses, wiich in turn cre followed by pltnts of &
more complex noturc. In this succession, ploats cre estublished upon
the rocks wiich aid in t.ering them €own both by mecninical end chemical
action.
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ANIMALS /ND TROSION
By S. D. Durrent, Renger-Neturclist

L great many aflimels have ¢ very definite effect on the crosion
in t:e park. Yes, I mean that they are hrnd in hand vwith meny other
factors in tecaring down these mnjestic wealls and pushing them fapther
apart. Little do ire realizo, s we look =t the stern, rugged cliffs,
that anything living could very much influence their existence. Yet
oven mounteins ere subject to thc eterncl change that tikes place all
through nature. Thoy zre formed, reised up end then torn down. Anim:ls
play their part in this scheme of things.

L great many cnimels pley en importent rolc, but here I wish to
point out only tihe most common cnd the ones whose wvork is the most
obvious.

Deer and Mountein Sheep

The mule deer (Odoocoileus heminus moerotis) and mountein shecp,
(Ovis ccnadensis subsp?) have several mecns ofhelping or causing
meterial to be carried off and thus altering the landscepe. 'When decr
and sheep walk over the ground, their sharp cloven hoofs cut thrcugh
the lecf mould end expose the soil. «when it roins this foot print may
be filled up, cnd hence & few grains of sané heve buen shifted. Natu-
rally, this is only cn & small scale, but when this cction is repesated
over the same routc enourir times we have o trail being established.

In the Nerrows, mcny e deer path cen be found leecding off from
the steep slopes dcwn to the river bed. Deer hove the cheractoristic of
following beaten trails. Thev stert & trail down through the brush.
Then by constcnt use, 1l the vegetction is worn off or killed clonmg, the
treil. hen rain water falls violently, s it Coes in descert country,
these trails heve no vegetation to withhold the runoff. As & result,
smell rivulets cre formec. These rivulets may keep recurring until o
smell gully is formed, cnd wucny tons of meterinl will ultim-otely be
corried avey to the strecm. In steep pleces the deer clso carry down
considerable loose motericl simply by plwiging ond sliding down steep
slopes. With spocific regord to mountain sheep, hovever, they natu-
rally inhebit & very rocky arce, honce the cction is not as pronounccdé,
altheough thc procecurc is similor.

If thcse trails are followed, they will ultimately lecd to the
bedding groumnd. ~gse wily sninals beld down under the ledges in secluded
spots, &8 1 hove found clcse up egcinst the foot of the Great Red Arch
Mountein. Herc cgein cen be geen the action of erosion. By constantly
bedding down cnd trempling over the same oren, it is recduced in meny
coses to dust beds. These cdust beds offer nc resistence to runoff of
rain and snow water, and s a result nuch materiel is removed and car-
ried acway.

Zi1oN- |
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In places where succulent food is found, over-yrozing sometimes
occurs, thus dameging or redueing the plunt cover, hcnce exposing the
underlying soil, which is thon subjecet to removel.

The summcry of the cction of decr znd nmcunt.in sheep on erosion
then consists of becting or wecrin: of treils aud bedding grounds, and
¢razing upon ths plint cover, nll of which expose bare soil by removal
of the cover, mekin: runcff eccsy.

Rodents .
Auong the rodents thet have the most noticeable oi'fect on erosion
ere the rock squirrsl (Otospermophilus grommurus grammurus) cnd the velley
pocket gophor - (Thomomys perpallifdus aurcus.)

The most prevalent zction causel by thes. znimcls is due to their
burrows. Ons striking exemple of the work of the ground squirrel can be
seen noar thoe government horse corrcl un the river. Hore the sgquirrels
have their burrows in the bank., Wien the river rises in flood the water
Tlows into the burrows, with the result thot the river finds read
cceess to undermine the banks. -3 . B

P g . : : y & 5

Squirreis olso throw up dirt in front of their burrows end meke
trails between the varicus opinings.. when roin comes, it pounds: down
tais dirt ond the tréils moke run-oft possible.

Gophers work toward c~iding erosion in sever.l vays. The gopher
is o subterrcneen fora :nd spends nincty-Tive percent of his. life under
crouné in his burrows. Ac it digs its woy nlong with its front feet and
strong jews, it pushes the dirt alon: checd of it. T.is dirt is throim
up 2t the openings of the burrows.  During the roiny seascn these. mounds
re pow-ded dovr: cnd form br.re arens wvhieh in turn moke it cusy for  run-
off weter to ecorry .it rway. . '

Sowe work mi: ht nlsc be accomplished by the food habits of the
.opher. The gopher ents tue rocis of plunts. This constitutes the
bulk or his food. 4s o result plints mcy be killed :nd hence remove
thie cover, and thus oxposs bere soil to tihc zetion of frunning water.
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MAN'S PiRT IN TROSIOU
B+ H. L. Reid, Ruzger-Neturalist

Mes:, by pasturiné his sheup and cattle within end upon the hills
surrounding Zion en¢ Biyce Ceoryons, hes been a factor in erosion. Although,
vhen compared with the total, his part has been very small, yet consider-
ing the very short time that he has becen associated with the canyons, his
pert has not been so iuconsiderable. e

During the ages before man cntereéd the region the water-sheds
were in a neturel primjtive condition. The lendscape, according to the
testimony of the ecrly settlers, was covered with a reasonably good growth
of vegeotaticn, except upon. thu bare rock arecs which arc exposed in such
deep canyons. JLloiy thce bed of the.Misuntuvicap River, both within and
below Zion Camyon, there was growing & luxuriont growth of willows, shrubs
end trees. Thc river was small and well confinud within its accustomed -
banks . i

48 U< piloncer settlers entered the rogion, during the early
sixties and seventies, thcy turned thcir stock loose tc forage. During .
the early ycors therc was sufficient. posturcge for the stock, but as the
years pcssed the numbers increcsed, :«nd soon there were vast herds of cat-
tle, sheep cnd horscs fecding upon the renge. «5 the herds increased the
vegetation decreased. Ls_the cattle esnd shceep trociled over the hills
znd valleys in secrch of food, they cut prths and trails into the lendscepe.

Zion Canycn with its high protecting wells became the winter
rengo for hundreds of cattlc. According to the cestincte of ecrly cattle-
men, therc were pastured within Zion Cenyon each winter, for the forty
yeers betwecn 1875 rnd 1916, asbout 300 to 350 head of cettle. During
these yoars the cauyon, =long the flood plain, boecame nlmost borren of
vogetetion, and even the lorger shrubs thet tviere able tu resist the attack
wwore stripped of cll the folinge on the lowsr branchos. ‘

Hith the Twatuersied practicelly de-vegetatod and furrowcd into
p~ths «nd trails, ond wita the river flood-plain beaten into a bed ground,
the conditions wore ripe for o very rcpid erosion. In time of storm, (and
it often reins violently in this region) the water would collect in the
treils, and insteed of being held by a vegetative cover, would form smell
rivulets, thus zllowing a quicker run-off of e larger percentags of the
rein viater., 4As these rivulets rushed dowm tho open trails, they cut into
the soil, making gullics or woshos.



EROSION UNCOVERS TRACIES OF THE P.LST
By 4. M. Woodbury, Park Nuturalist

Small dincscuxy trecks were Gisccvsrel twec or three yecrs cie
in the flegstones of the petlh in front of the Union Pecific Lodge
in Kenab. lLlore recently lorser trocks werce found by Bernell
Mcillister of Koneb. These were excmincd not lony agoe by Dr. H. &,
Gregory cnd myself, z.s ¢ result of vhich, scvernl truocks znd ctsts
heve been brought into the muscum at Zion Nationcl Pork. Some of the
tracks me.sure os much &s fourteen inches in length. They are ell
threce-toed and couparently werc nmade by o form of dinoszur that welked
upright on its hind legse.

These troclks were found in the upper chinle shnlos just undern
the wingote sanidston: wherc thev had bocen uncovercd by erosion. UL
herder limey menber of the sheales, nmorc resistant to crosion than
the layers obove, was exposed as o shelf :rround the side hill. The
removel of the seftecr meterisl above left mony of the tracks ploinly
exposed. Lt one point, we found the treils of three different ani-
rels which hod crossed each other's tracks -~ & cross-rocis, s it
werc, et Dinosaur Junction.

If onc should let the immginatiun play, we micht raw o pic-
ture somethins like this. Back in Triessie tirc, when dinoscurs swere
devcloping toward o climex of world-wide deminztion, scmo of the
forms heving tn upright pesture were CGisporting themselves upon a
muddy beacli, leaving tleir traecks wvhcre they stepped in the mud.

Thon the next flcoé of water e-nc dovn, bringing sediment,
these trecks wero covercd, being filled with the neow mctericl of dif-
ferent texturc, thus preserving thecir form. Ls time passed, they
were covered by nor.y scdizient, until they were buried tc & depth of
perheps 8,000 feut. . It thacn beserras the tesk of ¢rosion to uncover
the tracks, by cutting down threugh 8,000 foot of rock cnd removing
Kthe upper loyers, thus cxpesing thcii to thv goze of wondering humons
aftor the lepse of on irmcense pericd of time, reveeling scmething
of ,tho. 1ifs. thet oxisted so lonsg £5C. '
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