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Historic Geomorphology
of the San Pedro River

ARCHIVAL AND PHYSICAL EVIDENCE

Introduction
The need to explain and manage arrovos, or water-carved gullies, in the wes
erm Unived Staces has beerta donunane theme in Amencan geomorp
since the rurn of the rwentieth century. To dace. no single explanation sa
widespread and almost synchronous arrovo formation arou nid the rurn
cenury. |s this dramatic episode of erosion unigue, ar has it repeated
both in kind and in magnitude during past millennia? Surprisingly at
ta explain arrovos far outnumber effores to characrerize ther nitanon i
subsequent history

The San Pedro Biver is ciced often 10 reference to Instaric arroyes! ;
(923, Antevs 1955, Hasungs 1959, Hastings and Turner 1965,
1963, Melton 1965, Rodgers 1965, Cooké and Reeves 1976, Dobyns ;
Hendrickson and Minckley 1984), buc neither the archival nor physi
dence has receved more than cursory actention., Unlike the heavily:
ized floodplaing along the Sanra Cruz River at Tucson, floodplain
and cutbank stracigraphy remain relatively unspoiled along the San
Raver, particularly in its upper reaches.

When arroyos L:xp:iuded mte the upper San Pedro, they expos
remmains of mammath in association with Clovis, notably at the Naco,

and Murray Springs sites, Investigation of these sites has led to an unusis
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mplere record of lare Chiarernary alluvial history (Havoes 1968, 1987 chat
asts with out haphazard understanding of the more recenc floodplain
Btory. We correct for this oversight by evaluating boch-archival and physical
ce tor floadplain evelunion before and after hisronc arrovo cutoimng on
be San Peciro,

In chessrudy, we used archival evidence From chie lower and upper basins,
g field mapping was limited o the upper San Pedro. The primary objec-
of the archival research were to describe general Hoodplain conditions
eiore arrove cucting and o establish rimelines for masor floods and curning
odes. The phvsical evidence was marshaled to determine rates and causes
Bchannel widening once the arroyo developed, as a prerequisite for under-
BEnding how alluvial channels mighe progress towards equilibriom after

erenichment [ Ferelord £993),

chival Evidence

orical scudies of environmental change must depend on documencary
' rces.of variable quality. Srandard cbservations made ar regular oime
als, such as these obrained acastream gage or weather staton, usy-
are unavatlable for che pertods of intevest; forexample, neither weather
prdischarge measurements exist for the San Pedro River duciog the eeitical
miod of arrovoe snaciation. fn the Setchwest, the feld nores of the cadaseral
veys made by the General Land OFfce consistently record the widch of

ezm channels bur mention channel depeh only sporadically {boch before

Petween cross sections where channel depehs are mentioned and where they
e ornicred, or is any reference ro deprh purely whimsical? Can we infer
: cised floodplains where thesurveyor fauled to menton depeh, as Bryan
1928a) did on New Mexico’s Rio Puerco? In 1873, Theodore White, one of
e st land survevors 1o southern Avizona, sucveved the San Pedre Haover
y Froms SE Davad to just below che Narrows, From the journals of einer-
s we krow thar the viver was encrenched at St David, Tres Alamos, and
the MNarrows (g, 121}, with perpendicular banks 3 1o 6 m deep as carly
gthe 18505 Whice failed to record any channel depels ac rhese same lecali-
${Cooke and Reeves 1976), Was White making a disuncnon berween ter
gces formed during an earlier erosional episode and active channel depchs,
distinction that escaped the trinerancs?
..H‘iﬁ!’.ﬂﬁfal SOUTCEeS, Sui.'h as :':E'&".-'.‘;PEI.P'E‘['E. Flrﬂ".'l.d.f IiL"SCl‘lPT.i’CIﬂS f.'lf EXCEEINE

rate episodes, most impotrtancly floads, These accounts serve the envi-

urs cataserophically during extreme flows. The erostonal work done by
s often isdescribed 1ngrear derarl, a5 was the casewith headeur migra-

i the Santa Crus Rover Valley ar Tucson an summer 1890 (Hastings

233



234 Hereford and Betancourt
o3 | Tiag L T
_,.@:.ulvg; "T' El WE kﬁ— bl |
235 rn - | ; 5 .
B i A Ll ST R R -E—Eum#%mm
el gy Tagiimi ?
TR | e B et
e B pen) !
- s man
¥ Wi Il . |
) AW !
— _8 (E ]
sl 1T v I Tl
P igray P vavo liias ; B
" B2 : :
i Elnara |
Tizs
8773 _|J_
e tgunTa) |
?.—'EI.E’?:,H%?-:W.':- |
i | .
__..f.-'l_si'i:‘.-"':'-:ligllum|
L Sy
1 LT} 57 . Filrt tenen
| h
T 7 i . = lisTol BOLLAS |5
13 o o BN Blrersy %n“: Ma qn.-:lr TRAL
LW ; M3} age
.‘.-Ilu.ﬂr" iE i rj i |
By |
LR TR T -
NIHALES
LE— I |
Bkt pynemay BET
L Ly G E » Y |
g —— Eloar-—N | e — nrami———
&2 i Bl : :
i |j Tl TR SNl Lp
— il —_— o
EREE AE CFTTS SEdE GRS

Fag. 12.1 Nlaps
showing widrh and
|,‘_|.~i$|:'|1 abigervarions

fraxemecadascral
siapveys [H7A-1U33

amende:d from Cooke
and Megves (1876)

1959 Berancourt 19905 The degree of derail given in rhe accounss co
lates well wirh distance to large sertlements,and coverage of flood da 145
15 patchy, giving rhe false impression thar some reaches were mor a
than orhers,

Forthe Sar Pedro River, we relied ona vanery of primary and seca i
sources. The eatliest relevant observations are those relared to admi
ric of the Fresidio of Sanga Cruz de Terrenare, established e 1742 il'i._ 1
headwiters of the San Pedro and moved to Qunburs near Furbank (g §
in 1772 {Ressell 1966) Many of the documents pertaining to chis pres
are contained in the Archivo General de Indias in Seville, Spain {Decrs 11
The next period for which documentation exists imvalves the carly

{18205 - 1830s) following Mexican Independence, whun four land granms=

Boquillas v Nogales, and the San Pedro (fig, 12.2) - were soughe, sur
and approved (Mattison 1946} A fifth grantwas ceded ar Tres Alam

1852, Far the post-Civil War period, we relied mainly on local newsg

ACCOLILE,

PRE-ENTRENCHMENT COMNDITIONS
The inabslitv o accurately portray pre-entrenchment conditions has pls
historic artovo studies, The written fecord JUsT prior o arreyo formatio
patchy and incomplece, In thecase of the San Pedro, gaps i wricten ob .
tions can be bridged by stratigraphic records from erincal localivies.

These records can help resolve two guestions abour pre-entrench
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Fip. 12.2. Map afappir San Pedro Baver Valley showing locarions of carrenr and
arical features. THustration eredic: Chuck Stecnberg

nditioms: (1) which reaches of this interrupted stream had perennial

ace How and which did sor, and {2) does evidence exist for unincised
odplairis 2t contemporaneous discontinuous arroyos? In che case of dis-
genninuous arravos, the evidence could be ambizupus because the alisecier

mally was unaccustomed ta making subrle distinerions between mser and

perimposed strattgraphic relacions between alluvial deposies, Such a dis

action 15 critical to geomorphic interpretarion, Figure 123 illuscrares the

fterence between inser and superimposed relations, These relations resulr
from two or more cur-and-All eveles in which che vounger longitudinal gradi-
tnt is the stecpust, A superimpased relanion s typical of the area upscreamof
Lewis Springs; an dnser relacion oceurs lacally from Charleston downstream

Fairbank {see fig. 12.2 for locations). A steep terrace tise near the river,

Fal

wn
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Fig. 12:3
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which perhaps had to be “cur down” to help wagons cross the river,
rePLEsent an ea rlier entrenchment, unrelated wo cucrent base level, aLan

an inser stratigraphic relation,

16005 and 17004, The accouncs of Kino, Manje, and Bernal [(Karns 1954)
1690% and thase of Velarde m 1716 conrain few relevant abservations:abi
channel or flow conditions in the valley, ather than the face chati

was pracriced on swampy land near Quibur fnear Farrbank).

18205 and 1830 Atremiprs to serthe the San Pedro inereased in che 18
after Mexican Independence, when several setelers filed for land grantsi
borcomlands, This happened at a time when beaver ponds dorred chell
reaches af the San Pedro River Valley (Pactie 1903), The State of che West {2
adopted by Mexico in 1823, limited grants to ranchers to 4 square leag
satins (ca. 2784 ha), The price of 4 sito with running warer was $60; the'p
dry rangeland was S10: In 1832, Don Ygnacio Elias v Gonzales was 1ssued
for cighe sitos, six wath water, along Babocomari Creek, where he ramal
A0 head af cartleand a large heed of horses and piules (Chnsoansen 19
Hi and Juan Nepomuaine Felix were alse granted four sitios with water 2]
the San Pedro (the San Juan de las Boguillas v Nogales Land Grang) in b
The Boquillas Land Grant was a narrow strip of kard oo both sides of thern
from Charleston to justsouch of Fairbank. In 1833, Rafae] Elias Gonzales:
granced foursitios, again wich water, along the San Pedro. This was che
afael del Valle Land Granto wich its sourherin boundary between Hereford it
the Lehrer Ranch and extending nosch o Lewis Springs (g, 12,23 Gon:
alse received titde to the San Pedro Land Grane another four sitios along th
$an Pedro scraddling the internaconal boundary. A selling price of 560
each sitio along the Babocomari and San Pedro Rivers suggests chat rele

reaches af these stieams were perennial in the 18305, The San Pedro rema
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today from Hereford ro Fairbank, while che Babocemart contains
nnial reaches, ane near che Brophy Ranch headquarters and another

nseream of che grant’s eastern boundary (D Brown ecal. 1981),

1860¢. Accounts during this period generally indicate marshy and
¥ creeless condicons chroughour che upper San Pedro, wath inter:
flow below Tres Alamos and the Marrows and discontinuous arroyos
eMarrows, at Tres Alamos and near Se. David (Hascings 1959 Hascings
er 1963, Dobyns 1981, Hendrickson and Minckley 1984), In 184%,
{1950) noted chat below che Narrows, the river “is lined with a poor
of swamnp willow and other brush, so that it cannot be seen uneil vou
ithina fow feet of it then the bankis perpendicular” Five years later, in

reach, Parke (1857:24-26) nored chac: "The valley baream is generally

s'Alamos, the stream 15 abour Afteen inches deep and rwelve teerwide,
vswich a rapid currene over a lighesandy bed, abour fifteen feet below
ks, which are nearly vertical. The water here is turbid, and not a stick
ber 15 seen by mark the meanderings of 1rs bed, In the gorge below (the
5) and i1 somne of the meadows, the stream approaches more nearly the
cand often spreads trselfon 4 wide area, producing a dense growth of
wood, willows and underbrush, which forced us to-ascend and cross the
ting terraces, The How of warer, however, is not conrinuous.” Hutton

gave a similar deseniprion tor che reach just below Tres Alamos in 1857

ENINETEENTH-CENTURY FLODDS AND ARRDYD CUTTING
fo 1890, Serrlements along the San Pedeo wete first esrablished i the
wich the arrval of Mormons ar Se. David and the discovery of silvernear

bstane (Fulton 1966} In 1884, the anthropologist Adolph Bandelier vis-

ndelicr 1892475 478). This also agrees with McClintocks (1921) accoumnt

the Grst Mormon serclers encountered an entrenched channel of the San
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== “High bank”- 1878
1980 Cliff lina
Cliff erasion - 18781
%
Fig, 12:4, Blar of Charleston 0
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Adupred trom K, Tiller (1982 0
&

Pedro below St, Daved m 1877 Hastimgs and Turne

sivie mesquite thickers existed wherne the floodplaim was entrenched. Mes

also dommiated in the lower reaches where che flowviss intermittent
In 1879, the own of Charleston (2 F'-|ar.:|'.qr|.| cormmumiey) and 2 oo

were founded om opposite stdes of the San Pedro, with the intent of using

rver's permanent flow for processing ofe from chie newly creared Tombsg
Mining Districr (g 12.4), Early photegraphs of Charleston {fig: 12.5)
beg the quesnion about discrimmating berween superimposed and inseet
tions for steep “banks” berdering the San Pedro, Figure 12,515 anup
view of Charleston from Milhalle show ing the position of the inner ch

Perween two older terraces. The date of the channel Eat ring that prod

and cawsed valley widening

The first mention of active arcovoe cutting 5 from che TEMINIACENCeS
whary Wood, published in'the Tombstone Epitaplin 1929, Wood recalled
Mood 1in Adgusr 1881 destroved che small dam acar Milbville, and che bl

of the fiver wiere widened and deepened. The vears 1881, 1882, and 1883
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g 12,5, {top: 12 54 Photograph of Charleston aken by Carderon Watkiny in 1883 fonking
gouthwest roward Huachuea Mawnrinns, The San Pedro River niuns from lefi o righe throogl
defined channel (borrom; | 2.30) Sameview i 1960, Photo credan: ad Higstings, 115,
pgical Survier Desert Laboracory Phong Archive.

nnsually wer summers, the only theee consecutive vears oo produce moie
a.l:l 20 e oof rainfall in June=August ar Tucson (Betancouro 1990) The
tsommer of 1881 produced enough runeft o cawse overflow of the acrive
annel and erosten of the terrzee on which Charleston was buile, The 1883
I}L{?E}Tﬂph af Chardeston tindeed shows some evidence of recent undereuc
'n,g of the west terrace {hg 12.5).

Bryan (19235:342) inan often-cited starement, marcained chas “the trench

239
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on San Pedro River was cut progressively headward beeween 1883, when the

arrovo formed at the mouth of the river, and: 1892, when the hu:dwntﬁ_l:"-_

a headeut ar the mouth, or chat areoyo development peagressed from mot
inte the upper San Pedro i less chan a decade (Hastings 1959, Rondgers 1965,
Cooke and Reeves 1976), Brvan apparently thought that headeur migrari
was erhanced by increased longrrudinal surface slope in each successive suk
basin, contrary to narmal sreepening upsceeam éxhibited by nyase sered
Hedrock catcrops ar Chatleston and the Narrows produce independent base:
levels in each subbasin. Over the short rerm, chese outerops should have
restricted propagation of headours or coalescence of discontinuous arroyoy
Feein one subbasin to anocher

Large Hoods also accurred on the San Pedro River in the summpers ul".
1886 and 1887 and rhe summer and fall of 1890 The newspapers repﬂftfd:
vverbank tlooding in 1886 and 1887 bue no menrien was made uFrhnnnﬁ!
proson. Hasongs (1959), however, cires testimiomy tna courticase thar the bed

ol the river near Tres Alamos was lowered 4 m between 1885 and 1889,

18505 ta 19005 Thoughan other reaches arrovos mght have developed m the
18805, 1890 does appear o mark the beginning of extensive degradation in
thie fowee San Pedro. In August and Seprember 1890, Hoods on the San Pedro
and Sanra-Cruz Rwvers recewed unusual artenoon in souchern Arizona news-
papers. On the San Pedro, mast of the bridges were swept downstream. At
Brudleyville. the San Pedro “caved within 5 meters of Cook's place,” indicating
exrensive channel widening. On Ocrober 2, the Arizona Daily Star dﬂs;cfrihz_ﬁ
deepening of the channel near Mantmoch by 9 m.

In the winter of 1891, flooding again affected the San Pedro Huwver Valley,
eroding valusble land in some arcas and silung other fand downstream,
Damaging floods oceurred again m Auguss 1893, 1894, and i July, August,
and Seprember 1896, Abovicnormal summer rans preconditioned the water
shed o excessive runoff daning a genéralicded seorm moche fall of 1896: This
storm produced the rthird grearest Seprember October ramnmfall at Tueson,
I Ulerober 1896, streams orignating i the Whetstones flooded the Benson
area; near the mouths of these streams, channels were deepened by as much
as Bme Thas storm perssared for rwo weeks amd caused signd beant damage to
settlementsand farms along the San Pedrol

It was probably durning the 1896 tlood chaca chanoel almost 244 m wide
and &' m deep developed ar the nocchern end of the Baguillas Land Gran, as
revorided i an JBW syevev (B 12 10 A survier i 173 recorded o wadeh of

P moee than a chan (ca 20 m) o che same area (Cooke and Héeves 1970)
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achannel only 9 mwide and 1.5 m deep defined the rivers course at

gouthern end of the grant near Charleston 1o 1899, We speculate thar in

there was anactive headeut somewhere in the 23 km reach betvween the
n and southern boundaries of the Boguillas Land Granc. In 1909,
Wright recorded a channel widch of 130 m ar Lewis Springs (fig [2.1),
ich may suggest that the headeur progressed to the northern end of the
p Rafael del Valle Land Grant between 1899 and 1909, possibly during the

o the wineer of 1904 1905

Os and 19205 According to several accounts, neither the main stem nor
rartes became entrenched upstream of Charlestbn wunril the [910s
ers at Hereford rold Hauey et all (19595 chat berween 1900 and 1914
tiver channel was nasrow and valv 05 10 m deep. The channel from
Bairbank to Hereford, a reach o mare than 32 km. was probably eficrenched
less chan IR vears, Havoes (1987) wates that Curey Diraw on rhe Mureay
) gh becarme encecnched .J||.'l:|£ the ruts of 4w apn roadan [916
Channel widening and further degradarion m the San Pedro River
ley securred in Seprember 1926, when floads produced peak discharges
BE2780 m's ' ar Charleston. This is three times grearer than che next highesy
in rhe 69-year gaged record ar Chatleston from 1916 to 1987, The 1926
mumercils oocuttences of channe! erosion ar bridges were reported from
mternational boundarv o the Oila The river overflowed irs G-m-deep
hannel af Benson Ar S David, the channel. whichwas 182 m wide in 1918
46.m wide in 1922, widened to 107 m. The second largest Eaged How
tred 10 August 1940; but by then the channs! sould accommuodare

rer flows

hes of the marn stem particularly below Mammorh (near the cisnflience

ith the Gilal ard abowve Benson

tors Contributing to Entrenchment

; -..dr.llrlltll.'l of rreshies th |'\|||:.‘_h diteh dversions, and fuel har vesting in he
B0sand 1880% mas have [recomdinoned the watershed o arrovo UETTHE b

Ffuelwood. including misquire from the foodplying and oxbs anid junipers
f ] i I

pitt £l iplanids, were consumed in the Tombstone Miring Districe Between

247
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rrated drainage and used ciénegas as their source, bad been dug m chev
(Bryan ec al, 1934, Rodgers 1965), Ratlroad conscrucion imvalved leng
embankments along the San Pedro, which may have impeded sediment cons
tributions From che adjacent fajedas. More significantly, Aow was consric

at bradges (Cooke and Reeves 1976, Lrobyns 1981),

EARTHOQUAKE
Another Factor that may have preconditioned thevalley ro widespread arroyed
cutting was the 1887 carchauake. On Mav 3, 1887, an carthquake ru@z
southern Arveena, norchern Sonora;and noctiweestern Chihuahoa (DuBat
and Smith 19800, Hyvdrologic effects were nored withio a 160-km radius off
Bavispe (Dubows and Smith 1980) The upper San Pedro River Valley
within the Assured zone, with several repores of liguefacron from Charles
Lo Tres Alamios. A fissure 32 Kim long was reporced along the San Pedro Ri
nerthoof Benson and 1ssued 2 conssderable stream of warer, Some spring
went dry. others doubled in How, and rhere was a rise of | moin the tlow dep
of the Sar Pedro, this during the deivsc snonth of the vear, The earthous
leveled Charleston, while at St David, ir alerred sertlers o the presence of
artesian watel (Fulon 1966, Fulton and Baliee 1967, Tiller 1982),

According o Tevas (1354}, & similar sarchquake affecred the San Pedro!
Haver Vallew tn [800-1810, References to unincised floodplains in che 18 .
suggest that of this earlier earchguake vecerred, it had no large-scale effects o
subsequent channel histories in che San Pedro Ruer Valley, However, ic cans:
not ver be discountisd that geohydrological phenvmena associated wich dhiel
1887 earchquake set the stage for arroyo iniciation. The earthquake co
ably could explain the remarkable synchroneity of arrovo cutting throughout®
sonchern Arizona and nerthern Sonom. Gnemiche expect channel adjustment
tra 32-km fissure in the loadplarmor to the changed configuranion of ground-
water strfaces, The immediate withdrawal from artesian aquifers probably
produced changes 1 head thar mighe have accelerated rares of compaction
by reducing buovane forces, The same efteer, perhaps ot as catastrophic, can)
sten frony pressuce losses i arcesian aquifers during extremely dry periods,
Regardless, invesnigarion of the possible links berween che 1887 carthy
and subsequent channel trenching 15 long overdue. A firse step would be
exarmine evidence for Assures in the 1937 aeral photos of che San Pedro River

Valley, provided that arrova cutoing did sor eliminate such evidence:

WATER TABLE FLUCTUATION
There 35 fir agreement chaca peciod of magor channel cutting in _-;,nuﬂ:gr&:,

Arizonz took place in the middle Holocene (Haynes 1968, Warers 1985,
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_L aynies 1987), b grear discordance over the number and tining of cucany
fill eycles during the lare Halocene (Waters 1985). Warers (1985 argizes that
inthe lare Holocene, screams ¢ esponded to gramorphic controls irrespective
ofregional climates, Havies {1987) maincains thar drovghemdoced Auctia
Tions i regonal water tables derermined late Holocene cutting and Hling,
e also suggests chat the historic arrovens just the modern expression of fre-

quent cucting and filling in the late Holocene, which would have } happened
Mnnnlh without human impact. Few would argue thar ssmultancons cur
ting and Ailing on'ephemeral streams could lead 1o ambiguityin the alluvial
tecord. Flowever, there is alsa damger in assuming that zones of ageradation
and degradation migrare systernancally to flush sediment from che svstem,
complezely our of step wirh cliniatic rrends (Paccon and Schumm 1981 Tt
would be equally difficulr to discount the role of 1 fail ltng warter table in pro-

Moting arrayvo curting or thar of a ristngone tenbancing ageradation.

Flnndplarn Evolution after Arroyo Cutting

in the Upper San Pedro: Physical Evidence

The channel and Hoodplain of the San Pedio River. througl trme, were
rmapped from Hereford to the northern boundary af che Boquillas Land
\Grant, ansavez that encomipasses much of the San Pedro Raprarian Natwnal
?:_Emn.sc:-k'.n.iﬂl'l Area (SPRNCA), The ageof thevarious chanpel a5d Hoodplain
“deposits was estimated fiom analvais of aeria) Photegraphy taken ar five dits
ferenc times and scales (Soil Conservation Service, April 1937, 1300000 USGS,

_lzmu-: v 1955, 1:20.000; US. Air Foree, Oceaber 1970, 1:55.000: Seil Canser-
vation Serviee, Qcrabie 1978, 125000, U5, Bureaw of | and Management,

Seprensber 11, 1986, 16,600 Ages were assigried by the fitst appearance of
Aparticular deposit in the photographs. The area of the enrrenched chanmel
(here defined as the area between the walls ol the post-encrenchment terraces)
Was mapped on sequennial, stereoscopic small-scale aerial photography to
eviluace rates of channel widening, The channel walls are readily sdencefiabile
in stereoscopic aerual photographs because chie wails foem g rearly vercical,

continuous feature that separates two broad sutfaces of different elevarion,

PRE-ENTREMUHMENT ALLUWILIN

Late Helocene (4,000 YBP to present) alluvium, inser against the St Havad
Formarion. ¢an be divided into pre-entrencheent alluviem witich forns a
eercace that ovcupies most of the inner valley, and poscentrenchment allu-
v, which represents the acove floodplate af the San Pedro River (g 12:5),
Near Heretord, the pre-entrenchiment alluvium forms a rwi-stepped rerrace
separatisd by (L3 1o L0 i of relief, Lemses of dark. carbonaceous sedimnents,
or ciznega deposits, mark the former heighs of the water table in the pri-

entrenchinent alluvium, The pre-encrenchmentalluvium correlates wich the

243
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Escapule Ranch formarion” of Havnes (1987}, which can be rraced from
Curry Draw into thea nner valley near Lewis Springs, Near Hereford a SIUOLS
ndoned channel (1 m deep amd 10-20 1 wide) an che lower terrace WS

Pmbahh the actwve charmel of che San Padra Biver before arroyve esttring,

POST-ENTRENCHMENT ALLUVILM
JFrom youngest to oldest, the post-encrenchment alluvium corisists of the
acove channel, loodplain, and terrace of the San Pedro Riv er, although
alluvial fans have formed concemporaneously. The active channel is inser
from 1 ro 10 m below the pre-enttenchment terrace. Entrenchment in the
SPNRCA s grearest below Lewts Springs where it ranges from 3 to 10 m dhieep,
Upstream of Lewis Springs: the river is entrenched only'L to 5 m below the
pre-entrenclhiment cerrace

Depositien-of the alluvial fns and sheerwash deposics began slighely
before entrenchment of the San Pedro River. The depositsiare cur by the
entrenchedchannel of che San Pedro Riveer suggusting that deposicion began
before channel entrenchment. Ar Walnue Gulch, historic artifaces daring
from chie tien of the centu ¥ wwcur ar the basal contaceand arcitsers are
present locally witlinss the Teviston alluviam, Beposits of similar age are also
Ipresmt in Curry Draw (| laynes L987). In short, che Teviston alluviiny and it
correbatives in the inner valley resulied from trbueary seream entrenchment
and increased hillslope erosion that began before the entrenichment of the

brain channiel,

| RATE OF CHANNEL ENLARGEMENT
The spatial distaibution of the postentrenchment alluvium e 12.7)
Andicares clearly thar the area of the-channel and flocdplain have enlarged
since initial entrenchment around the turn of che century. In an aliovial
system with a strong component of lateral accretion such as the San Pudro
River; progressively younger floodplains form as che chanmel Mg rares [sed
ichap. 13}, Channel mugzation simultaneously erodes the pre-entrenchment
Alluvium, while providing space for subsequent foodplam depasition. Two
Imporcant questicns emerge regarding this process: what 1 the rare of wid
ening of the high-flow channel, and s the process complete? The process of
channel widening is pawrly understood. Thus, it 15 mor known whetkiss thie
w:dcmug process is seltlimiting or controlled by external factars such as
elimate or land use,

Frgure 12,8 tllustraces expansion of the channel from pre-entrenchment
10 1986 ina 2-km reach-of the viver beginning 3.2 km downstream of the
Heretord Bridge. Clhiannel ares increased rapidly frem entrenchment ro 1955,
bur the rate of enlargement slackened Since chen s shown m hgure 12,9,

which illustrates the cumularive area of the ehtrenched chanmel a5 funetion
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Fig 12 7 Geologie tiap
and Crosssecion of
the post-enttenchment
alluvium exposed on

apanne bar norehof
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of timie The dnereaesd of channel avea i3 approximaotelvan ¢-.~.;F1q}ncn£ial func
pron of time and follows a “race law,” which desertbes the nome-dependent:
adjusement ofmany distuthed physical syscems (Graf 19384). Considering)
the enoice-arex aod assummg thoo ecntrenchment oecurred Iw 1900, che
estimated race of enbirgement from 1900 ta 1955 was 0,109 km? vr'l, and
From 1256 ta 1986 the rare was only 0.024 km? vo?, Thus, the race of channel
snlarpernent has declined-imrecenr vpars: T] ol bilie sieniBes soabiline
enlargerment has declined i recent vears: This probably significs scabilizas

tiern of the chanmel and che end of significant widening

FLOOQDS AND CHANNEL WIDENING

The morphelogy of the channel is contralled largely by che frequency of
channel-forming floods (the control varable), The annual flood series a
Chardeston (see chap. 16) shaws a clear pattern of relatively Frequent large
floods (delined as events in the upper quarnle of all lows) duning the firse

parr of the twenteth century, Seventeen Aoods equal to vr geeater than the:
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Fig. 12.8 Maps showing vhe preseotrenchment chiasimel and expansion of the pose-
entrenchment channel as compiled from sequennal aenal photography since 1937,
and from cadastral survey neresand placs as chenim of the cencury
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| Flg: 124 Tamne sevies showing cumulirve area of the enrrenclied ¢hanmel, Chenog
expansion slowed apprecially by ac leasr 1953

- 75th percentile occurred berween 1916 and 1953, an averape rate ofabour one
csuch flood every 2.4 vears, This peried includis the Aood of record i 1926
‘Moist of these large floads vecur during the semmer runof season,
Incontrase, enly four Qoods larger chan che upper quarcile occurred from
1956 1o 14987, an averagerate of one such flood about everyeight years. Only
cone af these four floads, the flood of October 9. 1977, was comparable i
size to che largest Hloods of the eacher period. Reduced frequency of large
(floods on the San Pedro after 1955 runs counter to trends noted in adia-
ccentwatersheds, notably che Sanca Crue River (Webb and Betancourt 19927
Less-Trequent large floods after 1955 probably stem in part fronyinereased

“channel storage due o greater channel areas and sinuosicies, which-seem to
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lrave stabilized during che last five decades: as well as perhaps to increased

revegetacion of che watersbud,

CHAMMEL WIDENING AND ECHUILIBRILINM

Widening of thie San Pedre Raver chiannel could not continue indehnicely,
Once the channel eross sectwn 15 capable of rransporting the water anid
sediment load of the post-entrenchment discharge regimen, 1t should sra.
bilsze and cease to widen: The negligible rare of channel enlargement since
aboug 1955 indicares that the widening process has ended or slowed greacly
{Hereford 1993). In terms of geomarphic equilibrnm, the rives system has
adjusted to the encrenchment disturbince and has probably armained a new
cauilibrinm with a quasi-stable channel configuracion.

This rransinon from pres o postentrenchment equilibrium s analyzed
diagrammetrically in figure 1210, The effecs of an increase m fAooding
i roincrease the channel ares atiee a reacuien or lag time, Thus, the pre-
encrenchment equilibrium was: disturhed |1:.' a change of Mood frequency
probibly beginnme i the carly 18805, whin deserucrive Soods were hese
deseribied 1 the uppersan Pedro River Valley. Anaddinonal d isturbance with,
unknown ¢ffect was the 1887 earthquake. The teaction time to thise disour-
bances begran abour 1880 and Jasted uncil encrenchment began between 189
and 1908 The pertod of disequilibritim and rapid increase of channel areais;
the relaxation time, or the time it takes ed attain a new quasi-stable cquilib=)
v The relaxanon tome was aboue 35 vears, assuming that encrenchment
began by 1900 and thar che chanmel was essentally sralinlieed by 1955,

The relaxation tomie for chanmel @tabiliaton was probable concralled b:r'
factors influencing the frequency of chaseel-forming foods, This wariable
i affected by feredback mechanisms, climare, and land use. The feedback
ts berween vegeration and the cxpanding channel Asdhie channel expands,
more toom s provided for riparian segetatwn, whicl has theeffect af reduc-
i peak-flood discharge (Burkbam 1972} In addicon, larger channel area
imcreases transmission lesses, compounding che influence of vegeration,
This feadback pracess shorrens the time rovseabilization, because vegetation
increiises boundaty shear scress, evenvially momimeang furthier bank ero.
s € limare direccly comrrals Aood freguency through canmfall vaviadony
and indivecely conerols lood Frequency througlors effect on vegetarion both
wicthinandoue of the channel

Changes i envang pracoces and development of cributarywarer-retention
stenttires probably shortened the cme required for channel statalizacon.
tyenerally, these changes served o reduce runoff and peak Mows. The num-
ber of catrle grazing in che upper basin deeressed wnce correnchment from
a hsnore h:_gh af 36,000 cart e m B0 ro TA00 by 19ed, well witlun grazing

capacity [Wagoner 1962, Hodgers 1965}, [n addition, numerous small warer-
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Control Frequency of Channel-forming Floods
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recesition stenctes have been buele o sssall eesburarses of the viver. Alchough

their iwerall effect s unkoown, thev weére destgned ro reduce runoti

Summary

The husrorica] record suggeses thar in che mmd-nineteenth century the San
Pedroe wasa conbimuausly perenmal stream fronm is sourde near Cananea
eo just beviond the Narrows: Flow was inrerrupred Ispacally intermiecent] in
the lowes reaches, wath the dry disconninrnies cutdistancing limiced surface
o frorm »l aundwarer DULcfoppangs .|""|.]:"|.'|-|11'J_':'.I dicconumuous arrovos L
to & mydeepat St David, Tres Alamics. and below the Nartows rransinoned a
shart distance dewnstrean into cienegas dammed by beaver. Mesquite thick-
ets oecupicd drvand incised reaches. while mostlv rreeless condinions char-
acteried che uminoised, marshy Noodplains particulardy oo the upper basin,
Treeless conditions could smply permanently sarurared soils, where reducing
condwons would liomar tree growth and favor graminoids (Hendrckson and
Minckley 1984)

The exact eiming of arrove ininagdo sl uncertam. Brians (19235)
statement thar arroves started arthe mouth in 1853 and progressed head
warid 200 kim v the Boquiallas Land Grant by 1892 canmmwn be substantianed
Thegh roolwer reaebes arrovos paght have developed inotlve 18805, 18490
dises appear trvmark the begmming of extensive degradanonan thelower San
Pedio. Extensive erosion in the upper San Pedra apparently dad sar odéear
vneth vhe e |} 19005 Newspaper acoounoy, survey records and other written
pecorids dencre extensove chiunnel erosion in assomation wirh the weries of
Large loods thae ocourred near the tuem of the mnereenth cenrury

Faday on the San Pedro River, post-entrenchment allusium deposity
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occupy the lowess topographic level of the inner valley, which is'1 ro [0 m
below the pre-entrenchment terrace. A wulespread, locally dense riparian for-
est has developed simultaneously withudeposition of the post-enrrenchment

alluvam: The narure of post-encrenchment deposies tmplv an encrenched,

meandering, low-sinuosity alluvial svsremy. The post-entrenchment alluvial

depasits aresuccessively vounger across the floodplaim surface, mdicaring
that the channel has widened since iminal entrenchment, Chanoel area of
the upper San Pedre increased rapidly from imitial entrenchment uneil at
least 1955 since 1955, channel area has iereased only slightly. Peak-flood
discharge of the San Pedro River declined subscancially after 1955, Cur con-
clustond are char the chaneel I che upper basin is largely stabilized and chat

equilibrivm or near-equilibriem condiions exast,
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