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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 scisentific features, or the scenic
beauties of this region. Publications using these Notes SHOULD GIV
CR7DIT TO - THZ ZION-BRYCE NaTURE HOTES AND AUTHOR. » i

———

Thomas J. Ailen, Jr., h . A+ Ms Woodbury,
Superintendent. . 1 : . Park Neturalist.

EROSION NUMBER

, Zion and Bryce Cenyons represent unique phases of erosion, the
former a vertical-walled U-shaped canyon of gréat.m&jesty and beauty,
cut primarily by a river; the latter a. bowl or amphitheatre full of
binnacles or monuments of such infinite.variety and pattem as to be
almost unbelievable, cut &nd carved primerily by the myriad trickles
of water that flow after infrequent rainstorms and melting snows.

It is the scenic features of these two ¢anyons thet attracts
most attention, but the chief message which éach has to offer is one
that appeals.not only to the acsthotic senées; but elso to the under-
standing. Perhaps the highcst enjoyment comes t0 one viewing these
‘uniguc handiworks of nature when the story of their creations is
understood. T.iis story is primerily one of erosion, hunce we have
esked each naturalist to tell the story, cach one from a diffcrent
point of view. ¥e hope that eech article will add something to the
understanding of thesec naturel wondors. ) '
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THE C:RVING OF ZION CANYON
Bv A. M. Yoodbury, Purk Nzwvuralist

Zion Canyon was first cut by @ fork of the Virgin River as a deep,
narrow gorge, just wide enough to accommodate the stream, undoubtedly
leaving potholes (mede by eddios in the edge of the current) perched up
in the side of the eliff where they were cut as the strcam entrenched it-
self in tho solid rock.

. The cutting power of the strozm was given to it by land elevation,
which gave it more fall s the land gradually rose toward its present
position. T.g:inerecsing gradient sllowed the river to cut decper and
ferther heddvward toward tho mountains, thus produding younger gorge up-
strezm. The river heading in the high plateaus having plenty of fall so
that it could.cut, and flowing through a scmiarid région, was ‘thus able
to entrench itsslf by digging dovnward faster than thc other forces of
erosion were,able to tear off the side wells, -

Tie river cut the -initicl gorge, but wearing away of the sido
wells is 1urgely due to other factors, @lthough the river is still. tho
chief transportetion agent which moves the sedimgnt downstreom toward
sea‘lovql. ) A e e

Tho physicel agencies of srosion undoubtedly plcy the principal
rolc in roeducing tho walls of the cenyon, but of course, living organisms
modify these physic.l agencius, either in the direction of. s.ccelorating
erosion by disintegration or brocking of rocks es-by plant roots, and by
€xposing bere soil, «s by trampling of enimels) or -in “thc directian of
reterding erosion such :.8" by binding .or holding ithe soil by plent roots
or by protoction of the surfrce by & loyer of plémt littor, »

]

. The principel phyéic;}lagéhtxis rein:water, ccting either dircct-
1y upon the surfoce rs run-off, or indirectly cs ground vater, perco-
leting through the rock. In ¢ither cuse, the epperent effoct is upon
the surface. ‘The run-off" wator vorks lergely By solution - teking out
the ecment from the rock and grinding with loogened send greins.

The ground weter may operate in seversl weys. "Imerging neer the
foot of the cliffs 0S-SEEDPS’ Or springs, or mircly: os cvaporating water,.
it undermines the cliffs, propzring the wey for.great rock fell, either:
@s arches or s lgrge'masses,<1f 152N W RN i :

Run-off water works lergely from ©bove, carrying great quon-
tities of sediment from the top of the cliffs, dowm into the conyon.
The ground vzter works lergely from belo:, undermining the c¢liffs and
meintaoining verticsl walls as they crs thus pushed farther .part. Both
brocesses tend to widen =nd to fill the cinyon, since more materiul
comes into it thwn the struum con trenszort. As the wells r¢ pushed
beck cnd the floor filled up, this leveling process will eventuclly
oblitcrate the cinyon, so bs sure to enjoy it before that time arrives.,
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EROSIONAL AGENTS QOF BRYCE CANYON
By K. B. Weight, Renger-Naturalist

The nmain Bryce Conyon is really o great amphitheater composed of seversl
small canyons leading covin from the rim, collecting together in the botton.,
It hes no permanent stream of wnter Tlowing throuch its It is a canyon of
intermittent or. ephemeral streoans. These streoms vary in sizeo and depend
entirely upon the water from infrequent rainstorms and melting snows.

Rain water is the principel agent of erosion, assisted by wind, frest,
plants and animals to = minor degree. Upon looking over the rim of the
cényon, one sees a steep hillside. This steop slope has thousands of '
revines, ranging in size from those Just visible to several feet in depth.
The smaller oncs near the top gradually coalesce into,one'large_one near
the bottom. They have been fomed by the rein water on its way to the bci-
tom of tle canyon, During a heavy rainstorn thousands of tfickles of water
flow from the slope do'mn those ravines, collecting fogethor to form a large
stream ot tho mouth of the cenyon. ' F

Pure water has very little cutting pover as it passcs ofer roc¢ks,; but
vhen armed with small -particles of elay, sand ond silt, it functions like a
file or resp, cutting the limestone rccl evey at o rapid rated These
thousands of rivulets remove the soft cley soil thet is in its path and soon
the bare hard rock: is exposed. The grinding of the heavily loaded woter
corves dceper and deeper into the pink limestone cliffs, until finally decp .
canyons oro formed,” Wall Street, through which the Nava jo Troil-passes; is -
one cf the best cxamples. ' )

ie verticel walls of the individuel canyous, sonetines five or six
hundred feet in heisht, are graduclly cut crosswise into separate parts by
gimilor procosscs. Monuments or pinncecles of Various shapes finally result.
Some have a heavy ecpping ot the top whieh resists Orosion'moqe then the
softer layers underncath. This produces undermining around the sidos of
the pinnacles, and they eventually bocoms so thin at the softer leyers that
the largoer mass abeve topples over.,

;The various monuments are being woshed more slender an’ graceful each
year. Continued ection of the agents of ercsien finally couse the monu-
ments to disaoppecr entirely. ‘'hen this stagey is reaclied the landscape will
be thot of smooth rolling ridces, separated by smell ravines.,

The monuments 'onc walls cf Bryce C“nyon'wheh viewedffrom‘a;distanco,appear
te be very scft. This inpression is duc to. the clay depesit thet is fcund
cn the surface. Ruin water fzlling on the monuments above picks .up the fino
clay particles from the varicus leyers and 4s’ the water centinues down, the
wall, leaves pert &f its-load s a Mkelsomine” Ceposit on the sides of tho -
walls or pinnacles, thus oftcn Liding the rocl color of rock underneath.

The kalsomine deposit is sometiics severcl inches thick.
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The rate of erosion is comparatively rapid at the heeads of the
vazrious canyons. Conifers growing on the rim hove boen undermined by
e action of roin water and wind. Hoots sxposed for sevoral foet on
the cenyon sidc are evidence that the cenyon is oe.ting groduclly into the
forest on the ‘plateau above. This rate of recession is estimated to. be
about one-helf or three-quarters inches.per veer. The monuments erode
away much slower, ‘estimated to be about the thickness of a thin piece of
PAPSE DPET yoar. '

\ » Ground water, functioning as g solvent as it passes througq the
undurground rocks, pl\ys its pocrt in the chemical decomposition of the
roc&s"esp001olly whcre it emcrg.s from the surfice ot the foot of walls.
Iron-caiwzs are dissolved out, weakening the roék whieh soon crumbles

to pieces. The freszing of Wutvr in crevices . produces a grout pressure,
resulting - in the floking end chipping of the rock surfree. The continued:
‘wetting &nd drying and the changing daily temperdéture play a part in the
physicelond chemiccl decomposition of the rock. T, mny smill caves
found in the perpendicular white formstion just under the rim cre prob-
ably duec to the ebove cgents., Wind, elso, mey eid in this uncermining,
but rzin witer, thc ehief egent of uTOSlOn, Jould be excluded from the
unacrnlnlng Lct1v1ty. ' T

- l

Té " sumnarlzs, a myricd trlele of natur which flow follow1n~ Jin-

frequent hpcvy r2ins or melting. snoys, dig deop cheannels, lg_v1ng vcrtlculp

walled. ridges between thém. These, in-turn, are cut crosswise in o simi-
lar menner, -leaving pinnccles or monuments. The monuments woor dovn in
two ways, pr1nc1pglly by undermining of softcer liyors undernezth by tho
agency of groundé water, frost, drying, ete., propzring the wey for thom
to f£z1ll over, but 21s0 by ruln water folling on the top of the plnnhclcs
end running down ‘the sides. 4is net’ ridges and wonuments cppear a2t thu
heud, colder oncs distppoar ns~r .the. bottom, so thizt thc not result is o
gra duél movement headerd 1nto the plateau, leaving: ¢ lungthening -conyon
bcblnd. ; rai (e )

v l
N

) PLANTS AND ~EROSION
By’I. Wo Thornton,xRangereNaturalist

) Roots are playing their pert in tf"rlng down the walls of Zion
cnyon. Anywiacre you look on the wallg cnd on top of the rocky pecks,

. you will find plunts gro”ing In meny. of thosé places therc is no 5011
ot el v plents come out of solid.roek end the surprising thire is
that. their grovta is normcl. The fmct tiuwt they comec from ;'solld rock
foundation does not seem 16 1ntmrferc with th ir devclopmpnt 1nto T
normal 51zcd tree or shrub. '

t
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Near the beginning of the Narrows Treil ther. is o lerge sandstone
boulder that has fallen from the wall. The texture, structure, hardness
end gencrel formotion of this rock is no different from any other rock
that might fall from sny of the Nave jo sandstone cliffs. On this rock
is growing o splendid specimen of our Western On (Querqus gambeli) and
& yucca plant. =zech plant is cs healthy cs eny found in the soft soil
of the cenyon. The reck ¢ffords minercls end moisture sufficicnt to pro-
duce a splendid. srowtli. Whon naturc plents its secds in solid rock, it
provides them witl tiec weupons tict enable them to drill into the rock
and establish thomselves. HFrom the rock the roots get the things required
to carry on & noturcl und 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. 4s this lengthening process goes
on, there is &lso o corresponding. thickoning of the root. This increase
of the dicmater ceuses great prossure o be exeTrted by the root on tic
walls and frequently the wells cre crocked because of this force, and tke
rocks fall into the‘canyon. Ofter: times the root is left pricticelly
bare and the plent frequently dies. On the side wall of the Temple of
Sinawave there is o young White Fir sending its roots into the well.
Year after vear it is looscning the sleb of rock on thc outside, which
will some dey 11 out. In tais wey it vill repoat the thing done by a
smcll Boxelder troe in the Narrows whers tlic rock hes rlready fallen and
the little tree hus dicd beoecuse of leock of support from the rock that
once fed it. Mony such examples of the srosion cetivity of plonts mey
bs seen in the cenyon. s } -

In places vhere the rock of the well is bzing worn «nd crecked
by otlier agencies ol grosion, you will find the plents  establishing thom-
selves. The presencc of thosc plints. ineresses the erosive acction. The
roots sink more cssily into the roclk thrcuch the crevices and fracturcs
begun by other menns.. This sinking of thie roots into the roek ond the
c.dded prossure incidont to the enlorgoment caused by the laying Qown of
cclls under the bark, makes more repid tho erosive Process,: E

Plent rcots often open up cheonncls thiroush which water can’ run
deéeper into the rock, wnd upen the decey of the roots, the cecid that
¢omes through the decompositior of tiic arginie matter cetively attacks
tie rocls and‘hastons tacir decomposition. Other plent organisms found

on tis vills such cs lichens, mossss mnd flowering plants, also con- 4
tribute to their disintegration. Thé lichen is the first plunt organism
to appecr on the rocks. It forms o bed of aganic matter tact loter be-
comes the home of the mosses, wiich in turn cre followsd by pltnts of =
more complex naturc. In this succession, plents ore esteblished upon
the rocks whieh 2id in t.ering them €cwn both by mecninical «nd chemical
aetion.
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ANIMALS /ND CROSION
By S. D. Durrant, Renger-Naturclist

4 great meny atimels have ¢ very definite effect on the crosion
in t:e park. Yes, I meen that they are hond in hond with meny other
factors in tearing down these mrjestic weolls and pusihing them fagther
apert. Little do we reelizo, ss we look =t the stern, rugged cliffs,
that enything livirg could very much influence their exisStence. Yet
even mounteins ere subject to the eternal change that tokes place all
through nature. Thoy cre formed, reised up end ther torn down. Anim:ls
play their part in this scheme of things.

L great many cnimels pley en important rolc, but here I wish to
point out only the most common and the ones whose vork is the most
cbvious.

Deer and Mountcin Sheep

The mule desr (Odcooileus heminus meerotis) and mountain shecp,
(Ovis ccnadensis subsp?) have seversl mocns ofhelping or causing
meterial to be carried off ond thus sltering the landscepe. *When deer
and sheep walk over the ground, their sharp cloven hoofs cut thrcugh
the leof mould and expose the soil. when it rcins this foot prirt may
be filled up, cnd hence o few grains of sand have boen shifted. Natu-
relly, this is only on & small scale, but when this cction is repeated
over the same routc enow.ii times we heve o trail being established.

In the Nerrows, meny & desr path cen be found lecding off from
the steep slopes dewn to the river bed. Deer hove theo chieractoristic of
following beaton trails. Thev stert & trail down through the brush.
Then by constont use, =1l the vegetcetion is worn off or killed clomg, the
treil. then rcin water fzlls violently, =s it cocs in descrt country,
these trzils have no vegetction to withhold the Tunoff. As ¢ result,
smzll rivulets cre formec. These rivulets mey keep recurring until o
smell gully is formed, &nd meny tons of matericl will ultim:tely be
carried avey to the strecm. In stcep pleces the deer zclso carry dovm
considerable loose materisl simply by plwig ing ond sliding down steep
slopes. With spocific regord to mountain shecep, hovwever, they natu-
rally inhebit o very rocky arca, hunce thi cction is not as pronoutcccé,
altheugh the procedurc is similor.

If these troils cro followed, they will ultimately locd to the
bedding ground. <¢se wily snimals bed down under the ledges in secluded
spots, &s I hzve found clcse up agcinst the foot of the Great Red Arch
Mountein. Herc cgein can be gsen the aetion of erosion. By constantly
bedding down cnd trempling over the same ares, it is reduced in many
cascs to dust beds. These Cust beds offer ne resistance to runoff of
rain end snow water, and £s a result nuch materiszl is removed and car-
ried cway.

ZionN- 2257

b
o
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In ploces Where Succulent foogd is found, ovor—grazing sonetimes
occurs, thus damaging Or reducing the plent cover, hoence &Xposing the
underlyin; 8011, which is thon subjecet to removel,

The Summicry of the Zetion or decr ong ricunt-.in shoap on erosion
then consists op bes ting op vedrin; of trails aua bedding grounds, ang
£razing upon ths plont cover, nll of which expose bare soil by removal
of the cover, meking runcfe CESY .

Rodents
bunOns the rodents that’have the most noticeablce 2If'fect on erosion
ere the rock squirrsl (Otospcrmophilus Srommurus grammurus) cnq the valley
pockot gophcr-(Thomomys Perpallidus aurcus., ) ‘

The most Prevalent aetion ciused by thes. tnimcls is due to their
burrows., Ons striking exemple of the work of the groune squirrel ccn be
Sten noar tlie GOVvernment horse ¢orral vn the river. Here the squirrels
have their burrows in the bank. When the Tiver rises in flooé the water
Tlows into the burroyvs, with the result thot tue river finds recdy
Geeoss Yo undermine the banks, . 5

e ik 9 N A B R . . - ) J
Squirrsig alsoe throw up '@irt iy front of theip burrows end. moke
trails'betwaen the v&riouslopgnings,. then rein conies, it bounds - dow;
tilis dirt apg the treils mike Un-of7 bossible,

Gophers work toviard 14ing erosion in sever ]l wvays, Theg £opher
is a Subterrcueen forta ¢nq spendsﬂninqty—rivo boreent or his lifg ander
cround in his burrows, g it digs its Vo olong with its front feet ana
strong Jews, it pushes the dirt &lon: checd of ite T.is qirpt is throim
up 2t the Openings of . the burroys, During the reiny secscen these. mounds
TS powrded doym spa form brre uress whieh in turn make 1t tzsy for- run-
off weter to carry it rway. = '

Soie work mi, hy lso be Seeomplishel by the foog 12bits of the
. opher, The gopher eats the rocts of Plunts. This constitutes the
bulk or his food: 4g o result plints moy be killed :ng dence remove

the eover, and thus CXposs bere soil to tac aetion of running woeter.,
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MAN'S PiRT IN TROSIOY
Br H. L. Reid, Runger-Noturalist
Mes:, by pesturing his shesp and cattle within end upon the hills
surrounding Zion enéd Biyce Coryons, hes been a factor in erosion. Axthoush,
when compared with thevtctal, his part hes been very small, yet consider-
ing the very short time that he has been wssociated with the canyons, his
pert has not been so iuconsiderable. :

During the agos before man cntered the re¢gion the water-sheds
were in a neturcl primjtive condition. The landscape, according to the
testimony of the ecrly settlars, was covered with a reasonably good growth
of vegetaticn, except upoii. the bare rock aresas which arce exposed in such
deep canyons. [loiy thc bed of the. Masuntuvicap River, both within and
bclow Zion Canyon, thers wes erowing & luxuriont growth of willows, shrubs
end trees. Tho river was small and well confinud within its accustomed -
banks. ;

48 Uac pionolr settlers entered the rogion, during the early
sixties and soventies, they turned their stock loose tc forage. During .
the early ycars there was sufficicnt. pesturcee for the stock, but as the
years passed the numbors increased, «nd soon thero were vast hexrds of cat-
tle, sheep cnd lhorscs feeding upon the renge. 45 the herds inereased the
vegetation deerceased. As_the cattle end sheep trciled over the hills
cnd valleys in secrch of food, they cut prths and trails into tho landscape.

Zion Canycn with its high protecting, walls beccme the winter
rengs Tor hundreds of cattlce. according to the cstincte of early cattle-
men, therc were postured within Zion Cenyon each winter, for the forty
years betwecn 1895 rnd 1916, about 300 to 350 head of cettle. During
these yoars the cauyon, =long the flood plain, boeame nlmost borren of
vogetetion, ond even the lorger shrubs thet vere able tou resist the attack
wore stripped of ©ll the folinge on the lowsr branches. ”

#ith the ratursied prectieslly de-vegetated and furrowcd into
p~ths ond trails, ond witha the river flood-plain bcaten into a bed ground,
tae conditions wore ripe for o veury rcpid erosion. In time of storm, (and
it often reains violently in this region) the water would collect in the
treils, ond instced of being held by & vegetative cover, would form smell
rivulets, thus =llowing & quicker run-off of ¢ larger psrecentags of the
rein viater., Ls these rivulets rushed dowmn tho open trails, they cut into
the soil, meking gullics or weshos.



EROSION UNCOVERS TRAiCS OF THL P ST
By 4. M. YWoodbury, Park Nituralist

Small dincsaur tracks were discoverel twe or threec ycers agoe
in the flegstones of the petlh in front cf the Union Pecific Lodge
in Kenab. llore recently lorser trocks were found by Berncll
Meillister of Konmesb. These werc oxemircd not loiny 2go by Dr. H. &,
Gregory cnd myself, £s ¢ result of vhich, scvercl trocks cnd crsts
1ave been brought into the musium ot Zion Nationsl Pork. Some of the
tracks meisure s much os fourtcen inehcs in leng ta, hey are 2ll
three~toed ond coparently werc made by o form of dinosaur that welked
upright on its hind legs.

These troclis were found in the upper chinle shrlgcs just undern
the wingote sandston: wherc thev had boen uncovered by erosion. .
harder limey nicnber of the siacles, morc resistant to crosion then
the layers above, was exposed as o shelf rround the side hill. The
removel of thc softer motorisl above loft mony of the tracks plcoinly
¢Xposed. Uit one point, we found tle trails of throe different cni-
rels which hod crossed each osther's tracks -~ o cross-rccds, s it
werc, et Dinosaur Junction.

If onc should let the imogination pley, ve mieht Sraw o pic-
ture somethings like this, ack in Tricssic time, whon dinoscurs were
developing toward o climox of world-wide deminztion, scme of the
forms heving cn upright posture verce Cisporting themselves upon o
muddy beacl, leaving tieir treeks wacre they steppeld in the mud.

hon the next flcod of water crnc dotvn, bringing seciment,
these trecks vwero covercd, boing filled with the new uctericl of dif-
ferent texturc, thus preserving thcir form. Ls tine possed, they
were covered by mor. scolinient, until thoy were buricd tc & depth of
poerhaps 8;000 feote . It taca beerme the tesk of urosion t¢ uncover
the tracks, by cutting dovn threugch 8,000 feot of rock cnd removing,
Itho upper loyers, thus cxpesing thoir to the goze of woncoring humons
after the lapse of an irmcnse pericd of time, reveoeling scacthing
of tho 1lifc thot oxisted so lony cgc. '
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