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ABSTRACT

The geomorpholdgy and dynamics of sedimentation in Chaco Canyon National
Yonument, New Mexico, depend on the shape of the,drainage basin of the upper
Chaco River, the bedrock and surficial geology, and on cliﬁatic fluctuations,
The alluvial canyon fill consists of Seaiments derived from the canyon sidgs
and sediments from the heacdwaters which may be distinguished by sedimentary
structures, grain size, color and clay mineralogy. Sediments from the head-
waters are contained in entrenched channels or spread out across the canyen
floor when thers are no channels. The alluvial fill of Chaco Canyon exposed
by the present channel exhibits several svisodes of entrenched channals alter-
nating with a2 flat alluvial canyon flcor,

The modern entrenched channel (arroyo) msy have beem-incised progressively
zlong 2 rmeandering course beginning about 1840 because of increased discharge
during a peried of greater than normal precivitation., The medern channel
tullt barks and partjially refilled the arroyo twice in the past hundred years
in response io decrsased stream vower during periods of decreased precipitation.

Entrenched channels during the occupation of prehistofic pueblos in the
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canyon existed earlier than previously thought and may have been beneficial
to the former inhabitanis, A major prehistoric channel which had confined

sadiments derived from the headwaters may have filled by the end of the 1ith
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century, flooding the canyon floor with sodium-rich impermeable clay with
little agricultural potential,

Coarse gravel and other sediments deposited prior to the Holocene sémi-
' afid geomorphic regime are perched along the margins of the canyon at several
levels and reflect largexalternations 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
Néw 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, uncompromising environment, the National Park Service Chaco Center of
the University of New Mexico initiated a multidiciplinary investigation of the
archacology, geology, and ecology of Chaco Canyon National Monument., As =2
result, there are several new reports concerning the geology of the area,
Siemers and King (1974) described the bedrock geology and paleontology of the
caﬁyon. DeAngelis (1972} summarized the physical geography of the Chaco drainacge,
‘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. Investigations by
the U. S. GeOlogip;l Survey céncern geomorvhic processes and water quality in

the canyon (Malde, perscnal commun.; Lyford, personal commun,).
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The purpose of this paper is to summarize the results of my investigation
of the dynamics of Quaternary sedimentary devosits in Chaco Canyon, The study
includes an investigation of the relationships between climate and geomorphic
and sedimentologic 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-fills which predate
the pueblos, there is evidence of other geomorphic regimes in the canyon which
extends the geomorphic history of Chaco Canyon. I gratefully acknowledge that
this investigation was funded 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 Reséarch Allocations Committee of the University of New Mexico,

The most famous report on the geology of Chaco Canyon is by Bryan (1954),
Besideé surznarizing  the bedrock geology of Chaco Canyon, Bryan interpreted
‘the history of the formation of the canyon and its subsequent alluvial fill.

He explorad the relationships betwsen 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 abandonment of the ﬁueblos.. Bryan's
interpretations of the history of Chaco Canyon have been used by archaeologists
and geologists for‘decades, but the results of the present investigation do not
,sﬁbstantiate Bryan's conclusions about the relationships between stream behavior
and climate, about the initiation of the deern #rroyovand about the conditions
in the caﬁyon dﬁring the occupation of the pueblos;f.»

GEOMORPHOLOGY OF THE CHACO DRAINAGE, CHACO CANYbN ANb THE'MGDERN ARROYO

The drainage basin of the Chaco River covers.about 11,500 kn? in

the south central part of the San Juan Pasin (fig. 1). The Chaco River
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is #n ephemeral Straam excert for 20 km above the junction with the 3San
Juan River, wnhere water from Morgan I..#ke provides a permanent <3z sourcexOI ﬁow,
The Chaco River's headwaters, 40 km east of Chaco Canyon National Monument,
con§i$t of small shallew swales, discontinﬁous washes (relatively wide witﬁ
low banks) and discontinuous arroyos (relaiively narrow with high banks),
Chaco Arroyo begins 15 km east of Chaco Canyon, and continues for 37 km
thfough Cha§6 Canyoﬁ until Escavada Wash Joins the drainage from. the north-
east, Below the junction of‘%ha~Escavad;bﬁ§§e Chaco River is a broad (200-
450 m) braided sandy wash which leaves t;g confines of the canyon, flows
west for 70 km, and turns north abruptly. To the north, arroyo walls grad-
vally rise to z2bout 5 m above the channel. After flowing north for‘70 km,
within & km of the San Juan Rivery the Chaco River is diverted to the west
by a gravel terrace of the San Juan River. As a result, the Chaco River
cuts through a hogback of Creﬁacecus Cliff House sandstone and joins the
San Juan River 18 km downstrean. -

Chaco Canyon is 32 km long, from 500 to 1000 m wide and is entrenched
up to 180 m into'ihe northward-dipping Cfataceous Cliff Housé sandstone and
underlying Menefee formation. The walls of the canyon have two thirtyxméter
cliffs separated by thirty meters of slopes and benches, Bolow the cliffs
are pediments and talus cones, Side canyonstend to parallel régional Joint
patterns tfending to the northeast, The side canyons are more numerous and
commonly are longer on the south side of the canyon. At the mouihs of the
side canyons and reentrants to th§ canyon, alluvial fans spread out onto the
main canyon floor. Sand dunes are cormon on the top of the cliffs and in
soms of the side canyons.
AT, The &lluvial canyon floor is relatively flat with gradients of less than

% m/xn in most places. Silt and clay dunes occur on some rarts of the canyon
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floor. Shallow (less than 1 m deep) yazoo channels commonly parallel the

‘main Chaco Arroyc. |
Chaco Arroyo has walls 3 to 11 m high and averages about 65 m wide,

The #rroyc walls exnibit various stgges of erosion, from freshly broken

vertical walls to ercded, badland-like slopes of less than 30 degrees,

There are benches of alluvium 1.5 to 3 m below the canyon floor along the
 “§rroyo walls, Within the arroyo there is an active inner channel from 3 to

10 n wide between banks 1 to 3 m high. The channel msanders from wall to
L_ wall within the arroyo. The different fqrms of point bars, chutes, natural

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

DYNAMICS OF SEDIMENTATION IN CHACO CANYON

Sedinent Sources and Alluvial Facies

In order to understand the dynamics of the modern sedimentary environ-
ments in Chaco Canyon, the drainacge basin of the Chaco River upstreai from
Chaco Cany&n National Monument must be considered along with the local

~conditions. From the headwaters of thes Chaco Riéér to the beginning of
Chaco Canyon {fig. 3), the tributary drainages Join together to form a2 large
(85§3m?) catchrient basin to funnel runoff into Chaco Canyon., Within the
Canyon, thera is coiparatively little increase in drainage area downstrean
until Fajada Arroyo enters from the southeast, Commonly Chaco Arroyo and
?ajada Arroyo do not flow at the sams time and 16ca1 runoff from the canyon
sides which reaches thé main arroyo tends to preceed theAfléods from the
hegdwaters. As a result, there is cormonly no increase in discharge through
the canyon, This méans that sediments which are Sfoughf ;nﬁo the canyon
from the headwaters or fron the local canyon sides are not immediately

transported out of the canyon, dowmstream to the San Juan River.
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The drainages in the headwater catchment area tend to cross #trike of
the underlying bedrock (fig. 4) whereas the Chaco Arroyo in the eanyon
V,pérallels the strike of the Cliff HouseAsandstone. Commonly the sediments
from the headwaters which are transﬁorted to the lower part of the canyon J
can be distinguished from locally-derived sediments by sedimentary structures, .
'grain size, color and clay mineralogy.

';“?ha'headwater.derived and locally-dgrived sediments can be organized
into several types of modern facles which have geororrhological expression.
The modern arroyo channel and banks have typical alluvial sedimentary struc-
tures, including several typeé of cross-bedded channel sand, fine-grained sand,
- silt and clay overbank deposits, laminated clay oxbéw deposits and a channel
“base compésed of moist; sticky gravelly sand and clay. The side'arroyo
deposits, talus cones and colluvium have fewer sedimentary structures and
‘are more poorly sorted than the deposits in ths main arroyo. Wirndblown

sand has distinctive sedimentary structu;es and grain size,

The colox of the deposits is related to the mineralegy of the sedimentar&
grains and to cocatings on the grains, The locally-derived fine sand tends
to be erange tuff in color (10 YR 6/4) but has similzar grain mineralogy
to sard derived from the headwaters whick 3.s light brownish gray (10 IR 7/2).
The difference in color is dus to the coating of iron oxide and kaolinite
clay cn locally-derived grains, This coating is not worn away during trans-
- port over shert distances, | ‘

Siemers and King (1974) noted that the clay,mineralogy of the Menefees
formation is predominantly caleium montmorillonite, that of the C1iff House

sandstone is

't

redominantly kaslinite, and that of the Lewisﬁshale and Pic-
tured Cliffs sandstone is pradomihantly sodium montrmorillonite and mixed

layer clays., The clay nmineralogy of the uppermost Cretaceous and lower



Texiiary unifs exposed in the headwaters have not been investigatéd, but
clay from the modern sediments in_Chaco ‘Wash in the headwater areas is
predordinantly montmorillonite and mixed-layer illite-montmorillonite,
.Although some of the sediments of the alluvial fill of Chaco Canyon arse
mixed, commonly the sedinents derived from these different clay sources
can be distinguished into locally-derived kaolinite-rich sediments and

. headimter-derived montnorillonite and ridxed-layer clay sedirents.
Changes Through Time

Comparison of dated vhotographs of Chaco Canyon show that the facies
in the modern arroyo developed after 1934, Tuan (1966) and De Angelis
(1972) prorosed that the arroyo filled in and recut an inner channel in
the past 30 years, bg£:investigation of the facies in the arroyo shows
that the modern channel has built barnks while maintaining its owm level,
Thore may be several reasons for the bank build-up during this perisd of
time. The National Park Service, Soil Conservation Service and Civilizan
Conservation Corps initiated an erosion control program in the Menument
from 1934 to 1952, The Monument was fenced to eliminate overgrazing,qz§§§4han
700,000 trses and bushes were planted (most of them in the bottom of the
- arroyo), numerous wood, rock and wire revetments were built in the bottom
of the arroyo to protect the arroyo walls and aid sedimentation, and sids
arroyos were protected with stone and cement channelways to prevent further
erosion. On the canyon floor away from the arroyo, levees were built to
jmpede runoff and to slow the expansion of soil pives., Native grasses were
: plantea on parts of the floor of the caﬁyon and on the tops of the mesas,

At a2bout the same time, there was a change in the weather pattern over

the area, which is raflected in both the regional average precipitation
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(fig. 5) ard in tree—riﬁg indices of the area (fig.’é). Throughout the South-
wost, there was a pericd from the mid-193C's to the mid-1950's which haﬁ
less than normal r2infall (Thomas, 1953). Weather records at Chaco Can&on
¥ational Monument which are fairly complste begin in 1933, These show ]
extreme variability in pattern over the years (fig. 7). The major exception
to less than normal orecipitation cccurred from July 1540 io December 1041,

~in-which-more than 29,5 in (750 mn) of precipitation fell, Accor&ing-t0w
National Park Servicse documents, Chaco Arroyo flowed during most of the
winter and spring of 1941, and Threatening Rock collapsed onto Pueblo Bonito
(Schumm and Chorley, 1564).
The pericd of decreased rainfall was the period of timebwhen the banks

built up and suabllized “fra% Fhe bank build-up was not dus to the conser-

T 0.us
vation measures in the Monument alone- »éagE&wn~£%L%*e—fee“—tna% the banks

thin the Monmment, %;d upstream ks
are built up in arcas which hal no conservation moasures "np 1 cdp—botirrithe.

;n—t§a5xanuasat—aﬁé-ﬁpe%reams Other drainazes in the San Juan 3351n exper-
jenced the same ?y;e of bank build-up, The exvlanation for the build~-up in
Chaco Canyon is that with decrsased stream power during pericds of less run-
off, excess sediment transported into the canyon is stored in backwater areas,
point bars and banks. These banks may later be reeroded depending on future
discharge conditiens,
~ Future develornents of th; coal resources in the headwater area of
- Chaco Arroyo should try to maintain the balance between discharge and seai-‘
f ment load reachinz Chaco Canyon to minimize changes in the amount of erosion
and deposition with*n Chaco Canyon.
The same kind of bank balld-un occurrad in tha nodern arroyo previously.
There is a bench‘alcngvthe arroyo walls about 1,5 n below the surface of tha

canyon flcecr, The faszies exhibited in this bench are identical to the
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modern arroyo facies, 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 newly reentrenched arroye chan-
nel, This vartial fill may be associated with a "dry" period which shows
up in the tree-ring indices of the period (fig. 6). -

This partial eycle of cut-and-fill may account for Dodge's (in Pepver,
1920) interpretation that a bpried 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 power and increased soil erodability. Arguments about the roles of
'climate, vegetation and overgrazing have been summarized Ey numeroﬁs authors
(e.2. Leépold, 19513 Bryan, 1954%; Antevs, 1955; Tuan, 1966; Cooke and Reeves,

1976), Drainage basins may respond in different ways to changes in these

factors, and timing of their resoonse may also be different.' Size, shape,f%
underlving geology and ground water of a drainage basin all play roles in
its response as well.

It is ﬁnlikely that vegetation in many parts 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.

Br&an~(19§4) placed the beginning of the modern arrgyo;about 18§9‘becéuse

Simoson (1852) did not mention seeing an arroyo in 1849, However, as Judd

(1954) points out, Simpson's guide_named one of the major ruins in the canyon

"pueblo del Arroyo" which would not have made sense if no channel had existed.



If stream power is decreased during a period of decreased moisture, #nd
is correlated with filling of the arroyo, then the converse may indicate when:
the modern arroyo was initiated., A peak in precivitation is shown by the
tree-ring indices at about 1840, For other parts of New Mexico, Leopold (1951)
demonstrated that years which have abpiye average precipitation have more
numerous'precipitation events and larzer individual rainfalls than years with
leés than average precipitation. Leovold correlated rainfall intensity with
arroyo formation. If the moist period around 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 consistént with remembrances of old NavaJjos
recorded by Pepper (1920) and Judd (1954, 1959; 1954).

Bryan (1954) ascribed the formation of the arroyo to progressive up-
stream migration of a headwall, This type of entrenchment has been described
by numerous authors (Leopold and Miller, 1956; Schurm and Hadley, 1957; Heeds,
1967) and appears to be common in drainage basins which have integrated
drainage areas of less than 75 km?, Some side drainages in Chaco Canyon
probably formed arroyos in this way, but the pattern of Chacq\Arroyo in Chaco
Canvon does not suvport such a mechanism, The arroyo meanders back and forth
across the canyon floor, and at one place, a meander loop points up-canyon.
Such a pattern cannct be formsd by headward erosion of a flat canyon floor.
Instead, there must have been a channél established along the canyon floor
which became entrenched after it ﬁas established, Entrenchment may havevtaken
place by progressive'erosion of the base of the bools and riffles along the
established-meanders. This process was described b&.ieighly (1936) for an-
other arroyo.in western New Mexico, | .

There is anéfher form of channel entrenchmenf in Chaco Canvon in sonme

of the tributary arroyos which have developsd on alluvial f£ill. These
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channels have no headwall, but are progressively entrenched as their den-
dritic headwaters become integrated with the already established arroyo.

systen,
Ways of Filling Arroyos

The modern baﬁk build-up sugzests 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 overtép the arroyo wall and
inundate the canyon floor, With the change in flood geometry, the chanﬁel
may become less active and fill in comdletely to form a flat canyon floor.
This type of arroyo f£ill is found in buried arroyoé exposed in the alluvial
walls of the modern arroyo. | |

" There are other tyves of‘arroyo channel fill exposed in Chaco-Canyon :

which show that an éfroyo may fill under different geometric and.sedimentologic
constraints. In general, arroyo fills reflect a decrease in the ability of
the stream to transport sedinent out of the canyon to maintain a éiven channel
level,  These other types of fill are shown in figure 8. Another tyre of
arroyo f£ill seen in other drainages, but lacking in Chaco Canyon because of
sparse soil develorment, is channel fill bﬁ soil build-up,

Once the canyon floor is flooded, any low area, including yazoo channels
and swales, is inundated as a backwater area, and is filled with laminated
silt and clay, Previously, thsss laminated fills have been mistaken for

buried arroyo channels,
Conditions on the Canyon Floor When There Is No Chahnel

Wnat are conditions like after an arroyo has been filled totally or

before an arroyo is initiated? If there were no channel, the pressnt oezk
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discharge of about 125 m3/sec would flood the entire flat canyon floor in.
some sections of the canyon, Under such conditions, sediments from the head-

waters should spread out across the canyon floor and interfinger with locally-

. ..derived deposits along the canyon margins, This type of relationship is

found in many places and at numsrous levels in the alluvial fill, showing
that the canyon floor has been alternately flooded wit£ headwater-derived
sediménts and local .sediments. When the local sediments dominate; either
‘the headwater sediments are not reaching that area of the éanyon, or they
ars confined in an arroyo. The two situations ars shown in figures 9 and 10,
The facies exhibited in the alluvial £ill in Chaco Canyon can be

explained by alternating these two types of situations., The total number of
cut-and-fill cycies in the expased 11 m of fill remains to be determined,
ggiwfpgggwgge at least seven arroyo channels in the last 10,000‘years (fig.
11). The arroyo channais contzining archzeological materials are of par-

ticular interest.
Prehistoric Porulations in Chaco Canyon

Prehistoric Indians were in the San Juan 3asin by at least 13,000 years
N
ago, The earliest abundant evidence of pesople in Chaco Canyon dates from
tha Archaic Period, which ranges from about 7,000 to 1,500 years ago.

rarsect
Beginning about A.D. 500, preople designated as Baskeimakers Segan-<

crops in the canyon and%ggii;ibé:semi-subterranean structures known as pit-
houses, Living structures abeve ground graduzlly apoeared and evolved into
pueblos by A.D. 770,while the vithouses acquired cgremoniai significance
and evolved.into kivas. The m2jor buildirg phase in Chaco Canyon which
preduced‘thé-multistoried pueblos_and large kivas began about A,D. 1050

arnd came to an end sometime afisr A,D. 1127, Although ths canyen wss not
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conmpletely abandoned after that time, the ponulation of the cahyon was
reduced drastically, The canyon was occupied époradically by shifting
" pueblo peoples and later by Navajos up to the historic visit by Simpson
(Vivian and Mathews, 1964),

The reasons for the major deciine in population in the canyon during
the 12th century are not clear, No causey sﬁch as warfare, famine or dis-

has tzen
ease wimixp» demonstrated wediwsiasbewidy, Bryan (1925, 1934) argued that a
dronght czused the formation of an arroye during the 12th cenfury, Ee
indicated that an arroyo would have been devastating to prehiétoric 2gri-
culture berzuse dovmeutting would no longer permit irrigation of the canyon
floor and wwsuld lower tﬁe near-surfacs water tzable. He.described a buried
arroyo channel with early Pueblo IIi pottery (from late in the period of
occupation) along the bottom, 4 to 5 m below the présent canyonlfloor.

However, as Tuan (19%6) opointed out, the timing of the past arroyo was
not worked cut in detail, The latest pottery which is found in the channel
was nade as ea2rly as A.D. 975. Cross sections through the alluvium near
Pueblo Bonito drawn by Judd (19564) show that there were several channels
with culturzl debris in them and on top of them. The sections show that R
the occuranis were used to having channels up to 4 m deep while Pueblo
Bonito was taing buiit. At Pueblo del Arroyo, structures built around the
beginning ¢ the 12th century ap»ear to overlie a large buried channel
~containing mottery. In the vieinity of the large rueblos, there is no
indication that the ground water was closs to th; surfzce trior to arroyo
formatidn,vlTreQ~ring indices for this veriod of time_show heither prolonged
- "drought" ﬁér excessive moisture. The evidenée:doég ndflsupport Bryan's

interpretaticen for the timing of arrove formation and his reasons for the

decline in t2 vopulation of Chaco Canyen,



An 2lternative explanation could be that the runoff from the headwaters
had been contained in some sort of ehannel until the end of the 11th century,
‘when the channel filled ard flocding of the canyon floor became comron.
~This would have brought iﬁpermeable sodiur~-rich montmorillonite clay-to co§er
the low areas along the canyon floor and would have flpoded structures such
&s pithouses or underground storage bins, Periodic inundation$ of nmud across
-the canyon floor woﬁld<have made it a less attractive place to 1ive.

| Although this alternative explanation is supported by sedimentary de-
rosits in the canyon, dating the devosits remains a problem. Moreover,
because the prehistoric oueblo population continued to shift in the entire
region during the 12th and 13th centuries, some othef regional phencmena
nay be a more likely explanation for the population decline in Chaco Canyon.
A subtle shift in precipitation pattern, in the length of the growing season;

some of the
or in regional cultursl attitudes may baAFauses for the changing porulations,

Pravious Conditions in Chaco Canyon

The exposed 11 m of alluvial fill in Chacc Canyon show that alluvial

o

conditions similar to the »resent rezime have resulted in the progressiv
£illing of the canyon cduring the rast several thousand years (fig., 11).
To determine the derth of 21luvial fill and to determine the nature of thse

alluvium beneath the vresent exposures, several holes were drilled throuch

—
~

the alluvium to the bedrock floor of the canyon (Ress, in‘progfess). Un-
fortunately, the water table was reached at a depth of 12 m, and the sedi-
ments were so soupy beneath the watsr table that no_detailéd ceres were
recovered,

However, deposits reflecting“former alluvizsl conditions are found in

the canven, Two types of flow regimes are revresented, One is similar to
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. the presont serdarid regime and the other indicates condifions of runoff at
least an order of magnitude larger than the present conditions. |

The deposits exhibiting characteristics of greater stream power ar;
- found at several levels in the canyon. The devosits are dominantly crcss:
bedded gravel, with clasts up to 20 cm long derived from the headwaters,
mixed with larger and more nx;eroué locally-derived cobbles of sandstone,
‘Figzure 12 i1lustrates an exposure of cross-bedded gravel which-also includes
large blocks of fine-grained z2lluvium similar.tc the present alluvial f£ill,
and lenses of sand. The derosit is capped with colluvial and windblown
deposits and more than one r=d palebsol.

| Deposits formed under ccnditions similar to ths present are perc.hed1

along the south nmargin of the canyon above the present alluvial i‘:’.}.(lj.1 g.‘I‘hej )
'deposits inclﬁde talus blocks which are separated from the modern cliffs by
more than S0 m. Farther out inte the canyen, colluvial deposits, soil and
arroyo-liks cross-tedded chaznnel sand overlie outliers of Cretaceous Menefee
formation.

Many of these deposits are preserved because they are well-cemented
with ezlcium carbonate. Commonly the cementation is aligned toward the

center of the canyen in finger-like protrusiens. The cementation is rot
the result of - the cement :

-

acaliche formaticn, Imstsad, &%, probably was deposited by shallow

ground water, Because the Cretaceous deposits dip toward the canyon on the
v \

south side, carbonate leached from the Cliff 36USe sandstone by percolating
rain water could have ererged from the base of the cliffs into fﬁe talus
end colluvial dsposits, ultirately cementing and preserving these deposits.
On the north side of the carnvan, the bedrock divs away ffbm the canyon sb
gronndeatef could rnot cement the-depcsits and they were erodedAduring later

cyclez of greoater discharre.
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The alternation of two kinds of floﬁ regimeé‘in the canyon is similar
to the alternation between entrenched channels and flat vallsy floor,
but on 2 larger scale, Pefiods.of increased flow could have flushed most
of the fine-grained alluvium from the canyon, eroded the canyon to a de«pé?
level, and provided gravel for the coarse-grained deposits. Between periods
of incraased streamhflow;the canyon partially filled with alluvium, The
number and 2gss of such alternations remain to be detérmined.

;oose gravel is scatter=sd on the mesa tops surrounding the canyon
and there is evidence for more than one high-level erosion surface, Ap~
parently a meanderiné stream flowing alohg strike of the Cliff House
" sandstone intermittently entrenched its course below an erosion surface
to form Chaco Canyon., Parallel siae drainaces were beheaded or captured
by the Chaco River bscause of its water source along the Continental Divide
and the drainace from ChacQa ¥es2,

The possible frameworx for considering the geomorphic‘hisﬁory of éhaco

-

Canyon is shown in figure 14. 2By appreciating the dynamics of alluviation
in Chaco Canyon, espzcially the repetitive nature of alternating magnitudes
and geometries of a2lluvial processes, many questions concerning ths living

conditions of prast inhabitants and questions concerning the history of

Chaco Canyon can be investicated in greater detail,

This paper is inventoried as contribution number 23 of the Chaco Center,
National Park Service and the University of New Mexico, for purroses of

bibliographic control of research relating to Chaco Canyon,



REFERENCES CITED

Antevs, E,, 1955, Geologic-climatic method of dating, in Smiley, T. L., ed.,

Geochronology--with special reference to the southwestern United Statess
Univ, Ariz, Bull., Phys. Sci. Bull., no. 2, Chapter 9, p. 151-169, -~

Bryan, K., 1925, Date of channel trenching (arroyo cuttlna) in the arid
Southwest: Science, v. 62, p. 338-344

195%, The geolezy of Chaco Canyon, New Mexico, in relation to the life

and remains of the prehistoric peoples of Pueblo Bonito: Smithsonian
Misc. Collns., v. 122, no. 7, pub. 4141, p, 1-65. |

Baltz, E, H., 1657, Stratigrachy and revlonal tectonic 1mpllcat*ons of part
of thé Upper Cretaceous and Tertiary rocks, east-central %an Juan Basin,
New Mexico: U. S. Geol, Survey Prof. Paper 552, 101 p,

Cookey R. U., and Peeves, R. W., 1976, Arroyos and environmental change in
the Arerican South-west: Ox*o*d, OXIoru Univ, Press, 213 p. | |

Dane, C. H., and Bachman, G., 1957, Prellm;ra*« geologic map of the north-

western part of New Mexico: U. S. Geol. Survey Misec, Geol. Inv, Map I 224,

' DeAngalis, J.M., 1972, Physical geograzhy of ths Chaco Canyon country:

Unpublished rezort to the Nalional Park Service, Chaco Center, under
the direction of R. Snead, Geogfap‘ny Devt., Univ, lew Mexico, 113 o,
Dedge, R. E;, 1620, Rerort of field studies, in Pepper, G. H., ?ﬁeblo Eonito:>
fnthropol. Papers, Am. Mus. Nat. Hist., v. 27, p. 23-25. i
H21l, S. A., 1975, Stratigrarhy and palynology of Quaternary ailuviun at
Chaco CQnyon, Yow Mexico: Unrublished Ph,D, dissert., Ann Arbor,
Univ. Mich., 66 p. | | ' |
eede, Ba h., 1657, The fusion of discontinuous gullies--a casé studys

Internat, Ascoc. Scientific Hydrolozy Bull., v. 12, p. 42-50.

17



oVE

J&ckson, We H.,'18?8, Revort on the ancient ruins examined in 1875 and 1877:
10th Ann, Rert., U. S, Geol. and Geog. Surveys Terr., for the year 18?6,
Chaco Canyon, b, 431.450,

Judd, N. M., 1954, The materizl culture of Pusbls Bonito: Smithsonian }‘.isé'.
Colln., v, 124, 398 p, | ‘ |

____;_1959, Pueblo del Arroyo, Chaco Canyon,}"em }!e:d_cc;: Srithsonian Misc,
Colln., v. 138, 222 p,

1964, The architecture of Pusblo Sonito: Szithsonian Misc. Colln.,

.'v. 157, 349 p. |
Leighly, J., 1936, Meandering afroyos of thé dry Southwest: Geog. Rev.,
ve 25, p. 270-282, .
'I,e.opold, L. B., 1951, Rainfall frequency: An aspsct of climatic variation:
(~_'fr‘a.’ns_. An, Geop‘.{;ys. Urion, wf. 32, v. 34%7-357. |
and Miller, J. P.,‘ 1956, Echemeral str‘eé.ms--hydraulic factors and their
relation to the drainags net: U, S. Geol. Sv.hfey Prof, Paper 232-A, 37 p.

¥eIntoshy W. L., 1975, Preliminary chotogeclogiz m2p of the Chaco Cenyon i
15 Minute Quadrangle: U, S‘. Geol. Survsy Ooen File Map OF 75-542,

Richols, B., 1975, Archaecrmagnstic study of Anazazi-related sediments of
Chaco Canyon, Hew Mexico: unpublished M, S.'thesis, Yorman, Univ._
Oklahoma, 111 p. ) .

Pepper, G. H., 1920, Pueblo Bonito: Anthropcl_..y Papers, An. Mus. Nat. Hisf.,

V. 27, 398 p.
© Schwrz, S.A., and Chorley, R. Ju, 1554, The fall of Threatening Rock: Am.
| Jour. Sei., v. 262, p. 1041-1054, | '

Sahurn, S.:A., and Hadiey, R. Fo, 1957, Arroyo.sv_an-ciit:he 'sg:;;i-aﬂd cycle of

[
£

erosion: Am. Jour. Sci., V. 255, P. 161«17%, s R

18



Wi

Siemers, C, T., and King, N. R., 1974, Macroinveriebrate paleoecolocy of a
transgressive marine sandstone, Ciiff House sandstone (Upper Cratacesus),
_AChaco Canyon, norihwestern New Mexico: MNew Mexico Gaol., Soc. Guidabook‘,
25th Field Conf., Ghost Ranch (Central-Northern New Mexico), p. 267-277.

Simpson, J. H., 1852, Journal of a military recénnaissance from Sinta Fe,

Kew Mexico, to the Navajo ¢ountry: Rep. Secretary of War, 31st Cong.,
vist Sess,, Senate Exec., Doc., no. 64, 140 p, ‘-

Thomas, He B., 1963, The meteorological rphenorenon of drought in the Southwests
U. S. Geol. Survey Prof, .Paper 3724, P. Al-AL3,

Tuan, Yi-Fu, 1956, Vew lMexican gullies: a critical review and some recent
observations: Assoc. Am. Geographers Annals, v, 56, p. 573-597.

Vivian, G., and Mathews, T. W., 1564, Xin Xletso--A Pueblo IIT corm-unity in
Chaco Canyon, New }«;e:dco: Southwsst Monuments Assoc, Tech. Ser., v. 6,

Cpt. 1, b, 1115,

19



LIST OF FIGURZS AUD CAPTIONS
Figure 1. ZTocation of the Chaco River drainage basin and Chaco Canyon
National Monument in northwestern New Mexico.
Figure 2, Geomorzhic features of Chaco Arroyo in Chaco Canyon National
Monument, New Mexico.
Pigure 3. Heacdwater drainage basins of the Chaco River, Upger Chaco
~drainage basin enclosed by solid 1ine‘withvbcundxry’offcanyon
and upper basin marked by dot«dash line, Subsidiary drainages
in canyon bounded by dotted Jines, AdJjacent drainages béunded
by dashed lines. Note funnsl shape of Chaco drainage.
Figure 4, Redrock geology of the uppsr Chaco drainage basin, The formations
are,in ascending order: Cretaceous Menefee formation (Km), Cliff
House sandstone (Keh), Lewis shale (K1), Pictured Clifi's sandstone
(Kpc), ¥irtland and Froitland formations (KL’), Tertiary 0jo Alano
sandstone (Te2), and San Jose formation (Tsj). Formations which
- ars predorinantly san ndstone are stipoled, Minoxr faulis in the
zrea are not shown, (Modified from Siemers and King, 16743 Dane
and Bachman, 19573 Baltz, 1967; and MeIntosh , 1575),
Figure 5. XLverage annual precivitation of the hortuges»prn Plateaus section
of New lMexico from 1909 to 1674,
Figure 6, Threse-year welﬁnted averages standardized tree-ring indices for
| Gobernador (80 km north of Chaco Canyon), ezstern Chaco Canyon
and Satan Pass {56 km south of Chaco Canyon) for the period from
.v177Q>to 1678, Fositive values 1nd1cate more tﬁan average roi siure
‘and nezative valuss indicate less than averagazmoisuure. The
“ﬁrought“ of the 19&0’§ and 1950's is a perioa of bank build-up

N R a4 2 - 2 Faty 4 .2 2
and stabtdlizztion efter a perdiod of

f\h

=Troye widening frem 1905 to



1934, An earlier period of infilling is inferred from c.a. 1870
to 1885, Arroyo initiation in Chaco Canjyon may have occcurred with
“the moist vericd around 1840, (Data from the Tree-ring Laboratory
of the Universiiy of Arizona), |
Figure 7. Variation in seasonal precivitation for Chaco Canvon National
Monument, New Mexico, from 1933 ﬁo 1975, The three-nonth seg-
.~ments corrasvond to natural breaks in the annval -cycle (e.m.
July, August and September are the months of sumer thunderstorms). -
Noﬁe.the verjodicity from the late 1950!'s to the early i970's in
each season, During this reriod of time, the grewihg season
decreased frem about 140 days to 110 days between 0° C tempera-
tures.
Figure 8, ‘Vays of filling former channels generalized from exposures in
the arroyo walls of Chaco Arroyo, Chaco Canyen Naticnal Monu-
ment, New Meiico. A1) channels mzy not be the same size,
Figure 9. Yhen sedinsnts from the headwaters are confined t§ a channel
| {black grrbw, light stioole), sediments from the canyon rargins
{white arrow) and r worked sediﬁents on the canvon floor dcmina{e
deposition away from the central chsnnel, Local side drainages
may also be confined, Sediments from_ these two areas may bé
distinguished by sedimentary structures, grain size, color and
clay rineralegy. |
Figure 10. %hen thers is no entrenched channel, ssdinments from the head-
. waters flood the canyon floor (black‘arrgws, light stipole).-
.'Haaéwatar sediments may be transpor@eéjin'shegt.floods, in e
ﬁingle shallow channel, er in numercus shalfﬁk’braided channels,

Former sido charnels may be floeded., Some sediment from the



headwﬁters may be windblown onto the canyon mérgins (black arrow
on right). Canvon margzin devosition may keep vace with depésition
from headwaters in some areas so that thers are no alterﬁations 
between the two kinds of deposits.

Figure 11, Generalized cross ssction of the alluvial 311 of Chaco Canyon
to a depth of 12 m. Maxddmum dezth of £ill may be 38 m (Ross,
in progress). Remnants of earlier filizneAperched'on‘margins
of cényon, but partially buried Ey»m@dern alluvium, Korizontal
Jines indicate wide~spread inundation of the canyon floor by

 sediments from the headwaters, znd azre connected with £illed-
in entrenched channels and laminated £ills of swales and yazoo
channels,

Figure 12, Exrosure of cross-tedded gravel with lenses of sand. /Note largse
blocks of aliuvium incivded in the gravel, The top third «f the
exposure is colluvium and windblown =and with more than cne red
paleosol and caliche h&rizcn‘develaped in it,

Figure 13, Remnants of former canyon fill perched above Recent alluvium on
the south side of Chaco Canyon. The deposits are separated from
the ¢1iffs of Cretaceous sandstone by an erosional gap of rore
than 50 m. The deponsits in the middlie ground unconformably over-
lie a2 tongue of sandstone of Menefez formation and grade from
predominantly talus and colluvium nsar the margin of the cenyon
to cross-bedded petbly sandstone near the center of the éanyon.

A sgcond rémnant of cemented colluvial,facies is shown on the
Jower left (rhotograth by H, E. Malds, 1978). .

Figure 14, General outline cf geoﬁorphic histery of Chaéo Canyon., Asterisks

indicate radiomstric dates, Undated events are tilted to show

pessible span of time when they could have taken place,
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Plot of standardized three-year running weighted averages of tree ring indices from eastern
Chaco Canyon, Gobernador (80 kilometers north of Chaco Canyon) and Satan Pass (60 kilometers
south of Chaco Canyon) from A.D. 1770 to 1970. All three show moisture peak around 1840,
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