
0' 
~I DntAioITCSOF SEDI!-1ENTATION A..'ID GEOHORFHIC HISTORY OF CHACO CANYON 

NATIONAL MONU}1ENT, NEW MEXICO .. 
by 

DAVID \i. LOVE 

Department of Geology 

Wa.shington state Urn.versity, Pullman, Washington 

ABSTRACT 

The geomorpholbgy and dynamics of sedimentation in Chaco Canyon National 

Honurnont, New }~exico, depend on the shape of the draina.ge basin of the upper 

Chaco Rive~, the bedrock and surficial geology, and on climatic fluctuations o 

The allu1."i.2.1 canyon fill consists of sediments derived from the canyon sides 

and sediments from the heac.vlaters 'Which may be distingui"shed by sedimentary 1 
structures, gra.in size, color and clay nd.neralogy. Sediments from the head ... 

~aters are contained in entrenched channels or spread out across the canyon 

floor when thera are no char..nels. The alluvial fill of Chaco Canyon exposed 

by the present channel e~~bits several episodes of entrenched channels alter-

nating 1dth a flat alluvial canyon floor. 

The modern entrenched cha.nnel (arroyo) m~y have been-incised prog!'essively 

along a meandering cou!'~e beginning about 1840 because of increased discharge 

during a pariod of greater than normal precipitation. The modern channel 

built banks and parti.ally refilled the arroyo twice in the past hundred years 

in response to decreased stream Dower during periods of decreased precipi tati"on. 

Entrenched chanTlels during the occupation of prahi storie pueblo s in the 

canyon existed earlier than previously thought ~nd may ha~ebeen beneficial 

to the former inhabitants. A maj6r prehistoric channel which had confined 

s(jc~1"i'r.8nts derived from the headwaters !T1.!l.y have filled by the end of the 11 th 



'. 

century, flooding the canyon floor with sodium-rich impermeable clay ~~th 

little agricultural potential. 

Coarse gravel and other sediments deposited prior to the Holocene semi-

arid geomorphic regi~e are perched along the margins of the canyon at several 

levels and reflect large,alternations in the former climate. The gravels 

indicate episodes of much larger discharge through the canyon. The other 

sediments are similar to the modern alluvium, but are topographically distinct 

and are well-cemented with calcite. 

INTRODUCTION 

Chaco Canyon, located in the middle of the San Juan Basin in northwestern 

New Mexico, is famous for spectacular multistoried stone pueblos built by 

Indians about 850 to 1000 years ago. The reasons for the flourishing and 

subsequent disappearance of these prehistoric people remain obscure. In order 

to provide answers about the way the people lived in what is presently a semi-

arid, Q~compromising environment, the National Park Service Chaco Center of 

the University of New Mexico initiated a multidiciplinary investigation of the 

archaoology, geology, and ecology of Chaco Canyon National MonQ~ent. As a 

result, there are several new reports concerning the geology of the area. 

Siemers and Y~ng (1974) described the bedrock geology and paleontolo~f of the 

canyon. DeAngelis (1972) summarized the physical geography of the Chaco drainage. 

Hall (1975) investigated the palynology of the alluvial fill. Nichols (1975) 

tested the possibility of magnetically dating the sediments of the canyon 

floor and Ross (in progress) is examining the depth of the canyon fill and 

the detailed sedimentology of well cores of the alluvium. Investigationsby 

the U. S. Gaologi~~l SUl""~ey concern geomorphic processes and water quality in 

the canyon (}:alde, personal co:nmun.; Lyford, personal cOnt.'1lun.) to 

2 



· ... 
" 

.. 
Of< 

The purpose of this paper is to S\L'1U1lB.rize the results of my investigation 

of the dynamics of Quaternary sedimentary deposits in Chaco Canyon. The study 

includes an investigation of the relationships between climate and geo~orphic 

and sedimentologie conditions in the upper Chaco River drainage basin. Con­

sequently, the conditions involved in filling former arroyos are interpreted 

from arroyo fills exposed in the walls of the present arroyo. The possible 

conditions in the canyon during the period of extensive occupation by prehis­

toric peoples until about 850 years ago are interpreted from sedimentologic 

constraints and from tree-rings. Besides arroyo cuts-and-fi1ls which predate 

the pueblos, there is evidence of other geomorphic regi~es in the canyon which 

extends the geo~orphic history of C~aco Canyon. I gratefully acknowledge that 

this investigation was f~~ded in part by a National Park Service grant to 

Siemers, by. a grant from the New Mexico Geological Society and by a grant 

from the Student Research Allocations Committee of the University of New Mexico. 

The most famous report on the geology of Chaco Canyon is by Br.yan (1954). 

Besides slli~arizing the bedrock geology of Chaco Canyon, Bryan interpreted 

the histo~ of the formation of the canyon and its subsequent alluvial fill. 

He explored the relationships between climate, vegetative cover and cycles of 

arroyo cut-and-fill. Bryan interpreted a buried arroyo with pottery in the 

base of-the channel as a major factor in the abandon~ent of the pueblos. Bryan's 

interpretations of the ru.story of Chaco Canyon have been used by archaeologists 

and geologists for decades, but the results of the present investigation do not 

substantiate Bryan's conclusions about the relationships between stream behavior 

and climate, about the initiation of the modern arroyo and a.bout the conditions 

in the canyon during the occupation of the pueblos •. 

GEOMORFrIOLOGY OF THE CHACO DRAINAGE, CHACO CANYON AND THE MODERN ARROYO 

The drainage basin of the Chaco ~ver covers' about 11,500 km2 in 

the south central part of the San Juan Basin (fig. 1). The Chaco River 
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is an ephemeral stream except for 20 km above the junction with the San 

.. tlllan River, where water frof.1 Morga.n Lake provides a permanent ~ source)(of {low. 

The Chaco River's headwaters, 40 kmeast of Cha.co Canyon National Monument, 

consist of small shalloy ~Nales, discontinuous washes (relatively ~~de with 

low banks) and discontinuous arroyos (rela~ively narrow ~th high ~~s). 

Chaco Arroyo begins 15 ~~ east of Chaco Ca.nyon, and continues for 37 km 

through Chaco Canyon until Escavada. \';ash joins the drainage from. the north-
.. Wasla 

east. BeloW' the junction of ~_ Escavada, the Cha.co River is a broad (200-

" 450 m) braided sandy wash which leaves the confines of the canyon, flows 

west for 70 km, and turns north abruptly. To the north, arroyo walls grad-

ually rise to about 5 m abovo the cha.nnel. After flow.ing north for 70 km, 

Within 4 len of the San Juan Rtver.x'the Chaco River is diverted. to the west 
, , 

by a gravel terrace of the San Juan PJ.ver. As a result, the Chaco River 

cuts through a hogback of cretaceous Cliff House sandstone and joins the 

Sa.n Juan River 18 km do~~stream. 

Chaco Canyon is 32 km long, from 500 to 1000 m ~~de and is entrenc~ed 

up to 180. In into the north~,,"ard-dipping Cretaceous Cliff House sandstone and 

underlying Menefee formation. The ~alls of the canyon have two thirty-meter 

cliffs separated by thirty Meters of slopes and benches. Bolov the cliffs 

are pedimonts and talus cones. Side canyons tend to parallel regional joint 

patterns trending to the northeast. The side canyons are more numerous and 

cOl!lJ.11Only are longer on the south side of the canyon. At the mO'\1ths of the 

side canyons and reentr~~ts to the canyon, alluvial fans spread out onto the 

IT'..a.in canyon floor. Sand dunes are common on the t'Op of the cliffs and in 

some of the side canyons. 

~ The alluvial canyon noo·r is relatively flat "With gradients of less tha..~ 

4 ~/km in most places. SlIt and clay dunes occur on some F~rts or the canyon 
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noor. Shallow (less than 1 m deep) yazoo channels cOIrmonly parallel the 

Main Chaco Arroyo. 

Chaco Arroyo has walls :3 to 11 In high and averages about 65 m "'"ide~ 

The arroyo walls exhibit various stages of erosion, from freshly broken 

vertical walls to eroded, badland-like slopes of less than ;0 degreese 

There are benches of alluvi~~ 1.5 to ) m below the canyon floor along the 

. ,.a.rroyo walls. ~';ithin the arroyo there is an a.ctive inner chan."el from j to 

10 m wide bet"~een banks 1 to :3 m high. The channel meanders from wall to' 

wall within the arroyo. The different forms of point bars, chutes, natural 

levees t oxbows, and other features of the arroyo are shown in figure 2. 

Sediment Sources and Alluvial Facies 

In. order to understa.nd the dynamics of the modern sedimentary environ-

ments in Chaco Canyon, the drainage basin of the Chaco P~ver upstream from 

Chaco Canyon Natj.on~l Honu..":'lent must be consjdered along with the local 

conditions. From the head~~ters of the Chaco River to the beginning of 

Chaco Canyon (fig. 3), the tributary drainages join together to form a large 

(855km2) catchr.~ent basin to funnel rtL'1off u;.to Chaco Canyon. Within the 
~ 

Canyon, thera is co~p~ratively little increase in drainage area dOw~stream 

until li'ajada Arroyo enters from the southeast. Co:r..monly Chaco Arroyo and 

Fajada Arroyo do not flow at the same time and local runoff from the canyon 

sides which reaches the main arroyo tends to precoed the floods from the 

headwaters. As a result, there is co~~only no increase in discharge through 

the canyon. This r:ea.ns that sediments which are brought into the canyon 

from the head~aters or fron the local canyon sides are not irr~adiately 

transpJrtcd out of t.he c3..Ylyon, dOrmstre3.m to the San Juan River. 
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The drainages in the headwater catchment area tend to cross strike of 

the ur~erlying bedrock (fig. 4) whereas the Chaco Arroyo in the canyon 

_ parallels the strike of the C1i~f House sandstone. Commonly the sediments 

from the he.a.d.waterslo.-nich are transported to the lOiJer part of the ca."lyon 

can be distinguished from locally-derived sedi~ents by sedimentary structures, . 

grain size, eolor~~d clay mineralogy. 

,:AIillJ head~ater-derived and locally-derived sediments can be' organiz1Jd 

into several types of modern facies which have geonorphological expression. 

The modern arroyo channel and banks ha.ve typical alluvial sedimentary struc­

tures,including several types of cross-bedded channel sar~, fine-grained sand, 

·silt and clay overbank deposits, lamirLated clay oxbow deposits and a channel 

base composed of ~~ist, sticky gravelly sand and clay. The side arroyo 

deposits, talus cones and colluvi'Q"7l ha.ve fewer sed.ir::entary structures and 

are reore poorly sorted than the deposits in the r.-..a.i....." arroyo. WirJ:iblown 

sand has distinctive sedimentary structures and grai.~ size. 

'; 

~he colo~ of the deposits is related to tho mineralogy of the sedimentarJ 

grains and to coatings on the grains. The locally-derived fine sand tends 

to be o~ange buff in color (10 YR 6/4) but has similar grain r~neralogy 

to sand deri.ved from the headwaters which is light brownish gray (10 YR 7/2)". 

The difference-in color is due to the coating of iron oxide and kaolinite 

clay on locally-derived grains. This coating is not worn away during trans-

. port over short distances. 

Siemers and ~~ng (1974) noted th~t the clay_mineralogy of the Menefee 

formation- is predominantly calciQ~ ~ontmorillonite,. that of the Cliff House 

sandstc~e is predo~nantly kaolinite, ar.d that of the Lewis shale and Pic­

tured Cliffs stt!'listone is predo:rl..na.'"1tly sodium rnont~orilloni te and !!".ixed 

layer clays. The clay nineralogy of the upper:no.st Cretaceous and lower 



Tex:tia.ry units exposed in the headwaters have .not been investigated, but 

clay from the modern sediments in Chaco Wash in the headwater areas is 

predominantly montmorillonite and mixed-layer illite-montmorillonite • 

. Although some of the sediments of the alluvial fill of Chaco Canyon are 

mixed., commonly the sediments derived fro!!1 these different clay sources 

can be distinguished into locally-derived kaolinite-rich sediments and 

.. _h_e~dl<.-rater-derived roontr.lor111onite and r:rl.xed-layer clay scdiroonts. 

Changes Through Time 

Comparison of dated photograr~s of Chaco Canyon show that the facies 

in the modern arroyo developed after 1934. Tuan (1966) and De Angelis 

(1972) proposed that the arroyo filled in and recut an inner channel in 
my 

the past 30 years, but~investigation of the facies in the arroyo sho~s 

that the modern channel ha.s built bar.ks while maintaining its o~m lc":cl. 

There ~~y be several reasons for the bank build-up during this period of 

time. The National Park Ser-<.-1,ce, Soil Conservation Service and Civil-tan 

Conservation Corps initiated an erosion control program in the Mon~ent 
fi';,rv:, .J·httn 

from 1934 to 1952. The }:onument wa.s fenced to elird.nateovergrazing, ~ 

700,000 traes and bushes were planted (most of them in the bottom of the 

arroyo), numerous wood, rock and wire revetments were built in ~he botto~ 

of the arroyo to protect the arroyo walls and aid sedimentation, and- side 

arroyos were protected with stone and ce~ent cha~~elways to prevent further 

erosion. On the canyon floor away fro~ the arroyo, levees were built to 

impede rU.4~off and to slow t..~e expansion of soil pipes. Native grasses were 

planted on parts of the floor of the c~~yon and on the tops of the mesas. 

At ~bout the same ti~e, there was a change in the weather pattern ovor 

tho aroa, whi:h is reflectod in both the regional average precipitation 
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(fig. 5) and in tree-ring indices of the area (fig.' 6). Throughout the South-

west, there was a period from the mid-1930's to the mid-1950's which had 

less than normal rainfall (Thomas, 1963). Weather records at Chaco Canyon 

llational Honument ..... hlch are fairly complete begin in 1933. These show 

extrema variability in pattern over the years (fig. 7). The ~jor exception 

to less than normal precipitation occurred from July 1940 to December 1941, 

·in·;:which·lnore· th:an .29.5 in (750 mn) of prtlCipitation fell. Aocoroing·· to'" 

National Park Service doc~~ents, Chaco Arroyo flowed during most of the 

winter and spring of 1941, and Threatening Rock collapsed onto Pueblo Bonito 

(SchQ~ and Chorley, 1964). 

~~riod of dec!"e~.~~~ .. ~!~?:-!1fall was the period of time when the banks 
----~ ..... --~ .. -; .. -,~ ..... "",,",-,, .... ,,,,.. 

built up and stabilized. ~ lbe ba.nk ?uild-up \>lSS not due to the conser-
-~--,--'"'-''''-''' beCa.USe., 

vation measures in the Honu!':~ent alona~i-6-shO'tt':.r L'lj'the ~ect--that the banks 

\{i thin ~he MOrlUT'1€ll1t. a.:nd, ll'Ostream. .I ~ +' ~ 
are built u::> J.n ar~3.S ":;.;nioh na.(l no conscrv::ttJ.on mDasu~cs ~ppl.J..cd".~ __ t.. Jntn-

- " . ~-

~~~~.;.~t a:--:-.~'f!i.3tre~m-. Other drainages in the San Juan Basin exper-

ienced the s?:ne ;pe of b~J.< build-up. The explanCl.tion for the build-up in 

Chaco Canyon is that with decreased stream power during periods of less run-

off, excess sediment transported into the canyon is stored in backwater areas, 

point b.:trs and banks. These banks may later be reeroded depen:ling on future 

discharge conditions. 

Future develo~ents of the coal resources in the head~~ter area of 

Chaco Arro:ro should.. try to maintain the balance between discharge and sedi-

roent load raachin~ Ch;lCO Canyon to minimize changes in the arrlount of erosion 

and depOsition wittln Chaco Canyon. 

The salTlS ki!ld of bank build-u? occurred. i~. the.· rnoder.narroyo previously. 

There is a bench ,along the arroyo-walls a.bout 1.? tl below tho surfaCE) of the 

The f<:~ic:; exh.:"b5..ted iJl this :;o:lch are idontical 
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modern arroyo fa.oies. The deposits may date between 1876, when W. H. Jackson 

described the arroyo, and 1896, when the first pictures of the arroyo show a 

very fresh-looking bench along the sides of a newlyreentrenched arroyo chan-

nel. This partial fill may be associated with a ~dry" period which shows" 

up in the tree-ring indices of the period (fig. 6). 

This partial cycle of cut-and-fill may account for Dodge's (in Pepper, 

1920) interpretation that a buried arroyo channel found by Jackson (1878) was 

a modern deposit. By the time Bryan (1925) studied the.walls of the arroyo, 

most of this modern fill had been reeroded and Jackson's buried channel was 

exposed again. The indented deposits may also explain why the Navajos who 

were raised in Chaco Canyon remembered a shallow channel. 

Formation of Arroyos 

Arroyos may be caused by several factors which bring about increased 

stream pOT;jer and increased soil orodabili"ty. Arguments about the roles of 

climate, vegetation and overgrazing have been summarized by numerous authors 

(e.g. Leopold, 1951; B~yan~ 1954; Antevs, 1955; Tuan, 1966; Cooke and Reeves, 

1976). Drainago ba.sins may respond in different ways to changes in these 

factors, and timing of their resnonse may also be different •. Size, Shape))­

underlying geology a.nd ground water of a drainage basin all play roles in 

its response as well. 

It is unlikely that vegetation in many y~rts of the Chaco drainage was 

abundant enough to be effective in retarding runoff. Overgrazing probably 

did not affect the canyon until after the arroyo·was formed. 

Bryan (1954) plac ad the beginning of the modern arroyo" about 1860 because 

Simpson (1852) did not mentio:r:t seeing an arroyo ·in 18)';'9. 'However, as Judd 
:: 

(1954) points out, Simpson' 5 guide na.m.ed one of the major ruins in the canyon 

n?'..!eblo del Arroyo" wr.ich would not have made sensa if no channol had existed. 
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If stream power is decreased during a period of decreased moisture, and 

is correlated with filling of the arroyo, then the converse ~~y indicate when' 

the modern arroyo was initiated. A peak in precipitation is shown by the 

tree-ring indices at about 1840. For other parts of New Mexico, Leopold (1'951) 

demonstrated that years which have ab?:ve average precipitation have more 

numerous precipitation events and larger individual rainfalls than years with 
, 

less than average precipitation. Leopold correlated rainfall intensity with 

arroyo formation. If the moist period aro~~d 1840 indicated by tree-rings 

had more precipitation with larger precipitation events, the modern arroyo 

could have formed from increased runoff funneled into the canyon from the 

headwaters. The date of 1840 is consistent with remembrances of old Navajos 

recorded by Pepper (1920) and Judd (199~, 1959·, 1964). 

Bryan (1954) ascribed the formation of the arroyo to progressive up-

stream migration of a head'tiall. This type of entrenchment has been described 

by n~~erous authors (Leopold and Miller, 1956; Schumm and Hadley, 1957; Heede, 

1967) and appears to be common in drainage basins which have integrated 

drainage areas of less than 75 km2• Some side drainages in Chaco Canyon 

probably formed arroyos in this way, but the pattern of Chaco"" Arroyo in Chaco 

Canyon does not support such a mechanism. The arroyo meanders back and forth 

across the ca.nyon floor, ~.nd at one pla.ce, a meander loop points up-canyon. 

Such a pattern cannot be formed by headward erosion of a flat canyon floor. 

Instead, there must have been a channel established along the canyon floor 

which becanle entrenched after it was established. Entrench~ent may have taken 

place.by progressive erosion of the base of the pools and riffles along the 

established'meanders. This process was deSCribed by Leighly (19;6) for an-

other arroyo, in western New Hexico.. 

There is another fo~ of channel entrenchment in Chaco Canyon in some 

of the tributary arroyos wt~ch have develop0d on alluvial fill. These 
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channels have no headymll, but are prograssively.entrench~ as their den-

dritic hea.dwaters become integrated with the already established,arroyo 

system. 

Ways of Filling Arroyo s 

The modern bank build-up suggests a way of refilling arroyo channels 

by building banks and aggrading the active channel at progressively higher 

levels in an arroyo until the overbank floods overtop the arroyo wall and 

inundate the canyon floor. With the cha.."'lge in flood geometry, the channel 

may become less active and fill in co~?letely to form a flat canyon floor. 

This type of arroyo fill is found in buried arroyos exposed in the alluvial 

\~lls of the modern arroyo. 

Thera are other types of arroyo channel fill exposed in Chaco Canyon 

which shoW' tha.t an arroyo rr..ay fill under different geometric and sedimentologic 

constraints. ·In general, arroyo fills reflect a decrease in the ability of 

the stream to transpo:rt seditlent out of the ca..."'1yon to maintain a given char~el 

level. These other types of fill are shown in figure 8. Another ty~e of 

arroyo fill seen in other drainages, but lacking in Chaco Canyon because of 
" 

sparse soil development, is channel fill bGr soil build-up. 

Once the canyon noor is flooded, any low area., including yazoo channels 

and S'"...rg,les, is inundated as a backwater area., and is filled nth laminated 

silt and clay. Previously, these laminated fills have been mistaken for 

buried arroyo channols. 

Conditions on the Canyon Floor ~men There Is No Channel 

Wnat a~e conditions liko after an arroyo has been filled totally or 

before an ar!"oyo is ini ti3.ted '1 If there ;rere no channel, the present p9~.k 
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discharge of about 125 m3/see vould flood the entire flat canyon floor in . 

some sections of the canyon. Under such conditions, sediments from the head-

vaters should spread out across the canyon floor and interfinger with 10ca117-

.. -derived deposits along the canyon margins. This t:.,tpe of relationship 1s 

round in many places and at ntt:larous levels in the a.lluvial fill, sho·wing 

that the canyon floor has been alternately flooded with head~~ter-de~ved 

sediments and local.·sediments. When the local sedimsnts dominate, ei ther 

the headwater sediments are not reaching that area of the canyon, or they 

are confined in an arroyo. The two situations are shown in figures 9 and 10. 

The facies exhibited in the alluvial fill in Chaco Canyon can be 

explained by alternating these two types of situations. The total n~ber of 

cut-and-fill cycles in the exposed 11 m of fill remains to be deterr'dned, 

but there are at lea.st seven arroyo cha..l1nels in the last 10,000 years (fig. 
_ ~ ,."...-,,-<'''-'>''''-''' .', 

11). The arroyo cha~l1els containing arch~eological reaterials are of p~r-

ticular interest. 

Prehistoric Populations in Chaco Canyon 

Prehistoric Indians were in the San Juan 3asin by at least lJ,O~O years 
'"" 

ago. The earliest abQ~dant €~~dence of people in Chaco Canyon dates from 

tha Archaic Period, ~hich ranges from about 7,000 to 1,500 years ago. 
ra/sec/., 

Beginning about A.D. 500, people designated as Basket!'Uakers ~ 
, bu.iJr 

crops in the canyon and ~~~~}se~i-subterranean structures kno~~ as pit-

ho~ses. Living structures abo-.,-e ground gradually appeared and evolve-d. into 

pueblos' by A.D. 770, "7~ile the pithouses acquired c~rer.'1onia.l significance 

and evolved into kiva.s* The l1"3jor building phase in Chaco Canyon ~tich 

produced the 1':!Ult.istcried pueblos 8.nd larfe ki vas began about A.D. 1050' 

a.nd Ct?r.:A to a.l1 end so~eti~;e after A.D. 112'7. Alth:::>c.gh the canyon was r..ot 
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completely .abandoned after that tin:e, the population of the canyon was 

reduced drastically. The canyon was occupied sporadically by shifting' 

pueblo peoples and later by Navajos up to the historic visit'by Simpson 

(Vivian and.. !·~a thews, 1964). 

The re~sons for the major decline in population in the canyon during 

the 12th ce~tury are not clear. No cause~ such as warfare, fa~~ne or dis­
hD..S Uef) 

ease ~~ demonstrated ~t.j!4j.l."·Q.I..@lt~. Brya.n (1925, 1954) ,argued that a. 

drought caused the formation of an arroyo during the 12th century. He 

1ndicate~ t~at an arroyo would have been devastating to prehistoric a.gri-

culture be~~use downcutting would no longer pernit irrigation of the canyon 

,floor and would lower the near-surface "rater table. He described a buried 

arroyo chCi.!"'.r .. el lorl.th early Pueblo III pottery (from late in the period of 

occupation) along the bottom~ 4 to 5 m below the present canyon floor. 

However, as Tuan (1966) pointed out, the timing of the past arroyo \OlClS 

not worked out in detail. The latest pottery which is found in the channel 

was made as early as A.D. 975. Cross sections through the alluvium near 

Pueblo Bonito drav..~ by Judd (1964) sho·,.; that there were several channels 

"nth cultural debris in them and on top of them. The sections sho"..1 that ./----------" 

the occupa::ts were used to ha'\"'ing channels up to 4 m deep while Pueblo 

Bonito was c~ing built. At Pueblo del Arroyo, structures built around the 

begi~~ng cf the 12th cent~J ap?ear to overlie a large buried channel 

, containing F~ttery. In the Vici~~ty of the large F~eblos, there is no 

indicationt~~t the ground water was close to the suri~ce prior toa~royo 

forma.tion ... , ':'rse-ring indic es for this period of ti~e sho~-1'nei ther prolonged 

"droughtt • nor excessive ~oisture. The evidence,. docs not ~upport Bryan's 

interpretat.::..cn for tho tir.J.ng of arl"OYO formatio~ and hi.s, re~~sons for the 

decline in t~:t) ?:lpu.lati{in of Chaco Canyon. 
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An alternative explanation could be that the runoff from the head~~ters 

had been, contained in some sort of channel until the end of the 11th century, 

"'when the channel 'filled ar~ flooding of the canyon floor became co~on. 

"This would have brought impermeable sodiu.-r-rich mont~orillor..i te clay- to cover 

the low areas alone the canyon floor and would have flooded structures such 

as pithouses or underground storage bins. Periodic inundations of m~d across 

.the canyon floor .. lould·have made it a less attra.ctive place to live. 

Although this alternative explanation is supported by sedimentary de-

posits in the canyon, dating the deposits remains a problem. Moreover, 

because the prehistoric puoblo population contin~ed to shift in the entire 

region during the 12th and 13th centuries, some other regional pheno~ena 

roay be a more likely expla.nation for the F~pulation decline in Chaco Canyon. 

A subtle shift in precipitation pattern, in the length of the gro....,~ng season, 
some of the 

or in regional cultural attit~des rr~y baAc~uses for the changing pop~lations. 

Previous Conditi?!'ls in Chaco Canyon 

The exposed. 11 rn of alluvial fill in Chaco Ca.nyon show that alluvial 

conditions sirr~lar to the ?resent regim9 have resulted in the progr~ssive 

filling of the ca.nyon durir:.g the past several thousand years (fig. 11). 

-To deter.nine the depth of al1u"1""ia.l fill and to determine the natura of the 

alluvium beneath the present exposures, several holes were drilled through 

the'alluviQ~ to the bedrock floor of the canyon (Ross, in progress). Un-

fortunatoly, the ~ater table was reached at a depth of 12 m, and the scdi-

ments were so soupy beneath the ~atsr table that no detailed cores were 

recovered. 
-

Hovever; dep~sits reflecting former alluvia~ conditions are fo~~~ in 

t1".e canyon. T1-.,jo tY?85 of nm; regimes are represented. One is sim.ilar to 

14 
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the presont se~darid regime ~nd the other indicates conditions of runoff at 

least an order of magnitude larger than the present conditions. 

The deposits exhibiting characteristics of greater stream power are 

'found at several levels in tbe canyon. The de9Qsits ~re dominantly crC3S-

bedded gravel, with clasts up to 20 em long derived from the headwaters, 

mixed ~th larger and more n~.erous locally-derived cobbles of sandstone. 

·Figure 12 illustrates an exposure of cross-bedded gravel which-also includes 

large blocks of fine-grain~ alluvium similar to the present all~~~al fill, 

and lenses of sand. The dc~ositis capped with colluvial and "d.ndblown 

deposits and more than one red paleosol. 

Deposits formed under ccnQitions sir.~lar to the present are perched 
. (fig. 13) 

along the south ~rgin of the canyon above the present alluvial fill. The 
J. 

deposits include talus blocks ~hich are separated from the modern cliffs ~! 

more than 50 m. Farthe!'" out into the ct.nyon, colluvial dcpvsi ts, soil and 

arroyo-like cross-bedded char~el sand overlie outliers of Cretaceous Menefee 

formation. 

Many of these deposits ar~ preserved because they are ~ell-cc~ented 

\rl th "c~lciU!'1'l c:.trbona:te. Corr~only the cementation is aligned to·"ard the 

center of the ca'!'lyon in finger-like protrusions. The cementation is rlOt 
the result of the cement 
d~~Acaliche for~2ticn. ~~3toad, '~~Aprobably was deposited by shallow 

ground water. Because the Cretaceous deposits dip toward the canyon on the 
\ 

south side, carbo~at~ leached from the Cliff House sar.dstone by percolating 

rain yater could have e~erg€d from the base of the cliffs into the talus 

and colluvial dsposits, u1t~~~tely cementing and preserfing these deposits. 

On the "north side of the canyon, the bedrock dips a~lay from the canyon so 

ground ~ater could not ce~ent the deposits and they were eroded dUring later 

cycles of groater' discl';.::;.r!?e .. 

1.5 
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The alternation of two kinds of flow regimes in the canyon is similar 

to the alternation between entrenched channels and flat valley ~loor, 

but on a larger scale. Periods of increased flow could have flushed most 

or the fine-grained alltlvi~ from the canyon, eroded the canyon to a de~per 

level, and provided gravel for the coarse-grained deposits. Between periods 

of increased stream flow, the canyon partially filled with alluvi~~. The 

nti..~ber and ages of such- alternations re!':".ain to be deter:nined.. 

Loose gravel is scattered on the mesa tops surrounding the canyon 

and there is evidence for more than one high-level erosion surface. A~ 

parently a meander~~g stream flowing along strike of the Cliff House 

sandstone intermittently ent~enchei its course below an erosion surface 

to form Chaco Canyon. Parallel side drainages were "beheaded or captured 

by the Chaco River because of its ~ater source along the Continental Divide 

and the d:-aina~e from Chacra. 11es3.. 

The possible franewor~ for considering the geomorphic history of Chaco 

Canyon is sho'l.n in figure 14. ~r appreciating the dynamics of alluviation 

in Chaco Canyon, especially the repotitive nature of alternating m~gnitudes 

and geometries of alluvial processes, many questions concerning the living 

conditions of Fast inhabitants and questions concerr~ng the history of 

Chaco Canyon can be investi~ated in greater detail. 

This paper is inver.toried as contribution number 23 of the Chaco Center, 

National Park Ser-rlce and the Univorsity of New l'<roxico, for purposes of 

bibliographic control of research relating to Chaco Canyon. 
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LIST OF FIG~ /tJiD CAPl'IONS 

Figuro 1. Location of the Cha.co !liver drainage basin and Chaco Canyon 

National Monu~ent in northwestern New Mexico. 

Figure 2. Gp~!r.or~hic features of Chaco Arroyo in Cha.co Ca.nyon National 

Monu."'Tlent., New Henco. 

Figure 3. Eead~ater drair.age basins of the Chaco P~ver. UpF~r Chaco 

drainage basin' enclosed by solid line with bcund:'lr"J' ofcanyO'!'l 

and upper basin marked by dot-dash line. Subsidiary drainages 

j,n canyon bounded by dotted lines. Adjacent drai.nages bounded 

by dashe.'C1 lines. Note funnel shape of Cha.co drainage. 

Figure 4. 3e1rock geology of the upper Chaco drainage basin. The for~~tions 

a.re, in ascendi.ng order; Cretaceous Menefee formation (YI.4'TJ.), Cliff 

House sandstone (Kch), Le-;..'is shale (Kl), Pictured. C1iffs sandstone 

(K~), Kirtlar:d and Fr-l'!.i tland fOl7"~ticns (Kkf), Tertiary 0 jo Alar:o 

sandstone ('rca), and San Jose forrr.ation (Tsj) ~ Formations 'E'hich 

:1!'t3 pr~dorrin.:~ntly sandstone are stippled. Hi llO !" faults in the 

~reaare not sho.".,71,. (Hodified from Sierr:ers and Ki.ng, 1971}; D·3.ne 

2nd Bacr..!i!an t 1957; Baltz, 1967; and HcIntosh , lS75). 

Figure 5 .. · ..:~.verage 2.1" .. nuC!.l F,!;6cipitation of the North~lestern Pla.t€.a.us se~tiori· 

of NeW' Henco from 1909 to 1974. 

Figure 6. 'llhree-year weighted average standardized tree-ring indices fo:r 

Gcberna.do!" (80 km north of Chaco Canyon), ea.stern C!1aco Canyon 

and Satan Pass (56 km south of Chaco Ca.nyon) for the !=.etiod from 

1770 to 1970. Fos:'.tiva values indicate more tha.n aVel'a[6 moisture 

~nd ncgativ;;) valu.es indicate loss than average"moisture. The 

"droughttt of the 191..~O's [inc! 1950' s is ;:1. period of bank bu.ild-up 

~nd stabiliz~ .. tion after a pe:riod of arroj'"o ;.;j_denir.~ from 1905 to 



1934. An earlier period of infilling is inferred from c.a. 1870 

to 1885. Arroyo initiation in Cha.co C~n:ion may ha~le occurred ~1Wi.,th 

the moist period a.round 181~O. (Data. from the Tree-ring Laboratory 

or the University of Arizona). 

Figure 7. Variation in seasonal precipitation for Cha.co Canyon National 

MonUi."'Tlent, NeW' !.!exico, from 1933 to 1975. The three-r:lonth seg-

.... ments correspond to natural breaks in the annual-cycle (e.~. 

July, August and September are the months of summer thunderstorms). 

Note the periodicity from the late 1950's.to the early 1970's in 

each season. During this period o£ time, the gro~nng season 

decroased fro:n about ll~O days to 1,10 days bet··"u;en 0° C tenrOC1'a-

tures. 

Figure 8. tTays of fill:i.ng former ehar..nels generalized from exposures in 

the arroyo iralls of Chaco Arroyo, Chaco Canyon Naticnal :1onu-

ment, New Nerico. All channels m:.iynct be the sarr:e size. 

Figure 9. ~ihen\ sedi!::ents fro:n the head".-:'at6!"s ,are confined to a chan.~el 

(black arrow, light stip?le), sediments frorr! the canyon r-.argins 

(white a.rrow) and re"',.;orked sediments on the canyon floor dCIi'J.n.?te 

deposition a~,ray from the central channel. Local side drainages: 

ma.y also be confined. Sedir.1ents f!"'oIn_,these two area.s rnay be 

distinguished by sedimantarJ structures, grain size, color and 

clay nrl.neralOb7. 

Fir:;ure 10. 'tlhcn there is no entrenched channel,. sedinents from the head-

waters flood the canyon floor (blo.ck arrows, light stipple).: 

. H(HtciHater sediments r::.ay be transpo::"-;:'ed ~n she~t floods, in s 

'single sha.llo't·r channel 1 cr in nu."'Ilerousshn.llow·braided channels. 



· . 
head~~ters ~~y be ~~ndblo~n onto the canyon ~~rgins (black arrow 

on right). Canyon margin deposition ~y keep pace ~~th deposition 

from head~-:aters in some areas so tkl:t there are no alte::-nations 

bet~leen the t·,.ro kind.s of deposi "'.:s. 

Figure 11. Generalized cross section of the alluvial ~ill ,of Chaco Canyon 

to a depth of 12 m. Ha.xirr.um dept!l cf fill may be 38 m (Ross, 

in progres!:). Rernnants of earlier f'ill art perchedcri" v:argins 

of ca.nyon, but ?"lrtially buried by :::{)dern alluviu.rn. Horizontal 

lines indicate ",'idE:1-Spread inundatio:n of the canyon floor by 

sediments fro!71 the head,,;a tors, am ar'e connected l-ri. th filled­

in entrenched channels and la~~nated fills of Swales and yazoo 

channels. 

Figure 12. Exposure of cross-bedded gravel w~~ lenses of s~.n4. Nota large 

blocks of alluvium included in the f.;:ravel. The top t'bj.rd of th'9 

ex!?Osure is colluvj.tlM and \lind.blo~m sand ~",,1.th more thnn cIne red 

paleosol and caliche horizon develo?·3d, ill it. 

Figu're 13. Remnants of forr.ler canyon fill perched above Recent alluvium on 

the south side of Chaco Canyon. The doposits are se~~ratBd from 

th~ cliffs of Cretaceous sandstone by an erosional ga.p of Flore 

than 50 m. The deposits in the mict.tl,e ground unconformably over­

lie a tongue of sandstone of Menefee £ormation and grade from 

predonrl.nantly talus and colluvium Tte,ar the margin of the c?nyon 

to cI'OGs-bec1ded pebbly sandstone near the center of the canyon. 

A second l"enmant of ccYn~nted collu\i-i,3.1 facies is shown on the 

lower left (DhotoF;!"a:ch b:r H. E. Maldt9 t 1974). 

Figure 14. General outline of geo~lorphic histo,::"'y ,of Ch~co Canyon. Asterisks 

ind:i.cr,. to r,::1ior.1strlc da t.es. Undrlted. ,events are til ted to show 

possible SF~.n of t;j,rrle v.J-:·lt~n they could have taken pl,ace. 
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