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ASS?RAM 

The Chinle formation of Late Triassic arse consists of continental 

Att)osits of conglomerate, sanletone, siltstone, claystone, and limestone. 

It extends tnrouGhout most of the Colorado .latesu rettion, aryl ranges 

in thickness from 0 to 1700 feet. 

Thin units or lenses of siltstone, and in some places sandstone 

and conglomerate, charalteristd by a peculiar mottling of red, purple, 

and gray occur directly below or in the basal few feet of the Chide 

formation. The mottled strata are interpreted as remnants of a soil; 

the strata are widely distributed sling en unconformity at the 0030 of 

the Chinle formation and have a coloration similar to some present day 

soils. 

The Ghinle formation is divided on a lithologic basis two 

?arts. The lower part extends over the southern part of the .;oloraio 

elateau and irto adjacent regions. It contains four main stratigraphic 

units or groups of units, (1) Shinaramp and related meAaers, (2) onitor 

Butte and related tiol,Mbers, (3) AOSS aacK member and relatoA units, and 

(4) Ostrified Forest member. The Shinarump and 4;oss deck members are 

thin widespread cross—stratified sandstone and conglomerate units that 

weather to fors ledges. The ...onitor riutte and Petrified rorest members 

are compose! of variegated bentonitic slops-forming claystone, clayey 

siltstone, t4n4 clayey sandstone, and locally contain ledge—forming 

sandstone units. 



The upper part of the Uhinle formation extends tbroaghout 

most of northeastern krizona, northwestern New Aexico, eastern Utah, 

and western kAlorado. It is divided into two parts, (1) girl lioftk 

member and (2) Church :lock memoer and related units. The 4.1 Rock 

member is composed of reddish-browr siltetone and thin :reds of pale-

nd and lizfht greenish ray limestone. The ahurch oc i mem6er is 

composed of reddish-brown siltstone and minor amounts of sae. istons. 

The sandstone is commonly cross-stratified and is abundant ins narrow 

belt extending from southvestern ..:o1 redo to central Ptah. 

The fossils and sedimentary structures in the lower part of 

the tIlinle formotion indicate that it is a vast alluvial plain ele?osit. 

The thin widespread sandstone ani conglomerate units, such as the 

Shinarump and Moss Sack members, are probably braided stream deposits, 

for they are similar to dttosits of present day broiled streams. The 

olaystone, clayey siltstona, er:d clayey sanistone of the :ilonitor Butts 

and r'etrified Forest members, on the other hand, probably are deposits 

of large meandering streams and of lakes. Stream directions, as indi-

cated by the oriertation of cross-ntrsta„ are north to northwest. The 

source area of most of the material in the lower part of the formation, 

as indicated largely by stream directions, was in southern Arizona and 

adjacent states—the kogollon hignland. The type of detrital material 

in the lower part of the formation indicates that the xogollon highland 

was predominantly a volcanic terrain and that it also contained cherty 

limestone or dolomite, samstone, metasedimentary rooks, and probably 

granitic rocks. 

xi 



The fossils a-d sedimentary structures in the upper 1)&7'1, of 

/;hinle formation indicate that it is a largo deltaic de,)osit 

spread out into a lobe. The deposits of cross-.stratified sandstone 

that extend in a narrow belt from southwestern ';oloratio to central 

'sh are probably the deposits of a large river which formed the 

delta. ?Arum directions in and near this narrow belt of fluvial 

sandstone are dominartly northwest. High igneous and metamorphic 

terrains in western Col3rado and adjacent regions—the Uncompahgre 

an:! Front Range highlands—were the main source areas during deposi-

tion of the upper part of the formation. 

the 1 4 
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The Chia* formation of Late Triassic e,,,e crops out widely on 

the ;solorado !ilateau (fig. 1), and consists of continental deposits of 

conglomerate, sanistone, siltstone, clayatone, and limestone. The lower 

part of the forattion contains brightly colorel knd variegated claystone 

and clam sanistons tni thin wi4espreed conglomerate and sandstone 

layers. It cont&ins the Shinarump, .4,onitor Jutte, Petrified Forest, 

and related mew: .•s. The upper part of the formation contrasts larkedly 

with the lower part, anl consists of caddish-brown, evenly bodied silt-

stone and minor amounts of ltaestone tnd very fine4Jrained sandstone. 

The ..ipper part contains the Jw1 ..ock and Church Posit members pnd related 

units. Jr most of the Colorado Vlateau, the Chinle toriation ovPrlies 

the 'oenkopi formation of &ark), and Addle (?) Triassic te;e arl +miter-

lies the Angate sandstone of Late Triassic age. 

In most areas, the sedimentary rocks of the Colorado rlateau 

are flat.lying. -t-he structural flatness is interrupted by long linear, 

or gently arcuate, monoclines that oommonly extend for fifty or more 

miles an1 have a structural relief of one or two thousand feat. the 

;;hinle formation is ex:)osed in deep canyons cut into the flit-lying 

rocks, alone and extending sway from the base of extensive eschr2ments 

held up by flat-lying; resistant formations, and alonc the aoroclines. 

The climate in most parts of the Colorado ',gateau is arid, vegetation 

is sparse, and exposures are excellent. In most areas, every f,)at of 

rock is exposed and can Ds stulied in detail. 
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The study which is the basis of this report consisted of & 

regional stratigraphic analysis of the Chinle formation coverin 

190,000 square miles or Ash, Colorado, Arison*, New Mexico, rnd 

Nevada--the ,oloredo nateau and 913410 adjacent regions. The study was 

designed to cotein information regarding the areal distribution, local 

and regional differences in rock type, sourees and character of con-

stituents, and conditions or deposition of these strata. This report 

summarizes the stratigrephy of the Chinle formatior, and is ?rivvily 

cancerred with the environment of deosition of the formation and the 

paleaseograpny of Late Triassic time. 

The regional stratigraphic work corsisted of detailed correlations 

of littgAogic unit* throughout the Colorado ?latsau tnd a few regions 

adjacent to the Flateau, with the purpose of establishing t firm beck-

ground in the distribution, lithology, facies, and thickness of strata. 

About 100 stratigraphic vmotions were measured and described on out-

crops, hnd many sections measured by other geologlets were studied in 

detail. In oererni, strati graphic sections wore ceasured at a spacing 

of 15 to 30 miles along outcrops. StratitTaphic units were correlated 

betomen sections on tLe oasis of litholo-ic characteristics and also 

by trolling of omits along oatcrlops. A Aonor amount of time was adent 

in study of logs of drill holes. 

The work was conducted by the U. S. Avological urvey and was 

a part of a large project to study the Triassic strata ar the Colorado 
done /) ,"'"V d al behalf 04 th e 4*0,*1 Eoct-q/ 

?lateal. The field work was carried out during tbi field seasons of 

1952 through 1956. Atria* compilation was during the winter morths of 
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these yearn, during 1957 end 1958, an.1 an e, pi,rt-ti.De basis “, ',tanford 

Univer3ity during 1959 and 1360. he writer #1.13) wIriced in clan 

cooperation with other. .%0 oars of the ,. w.:°4 studied 

lithlfacies relationships, sedimentary. structuiros, clay Aineralogy, 

sedimentary petrology, Prd pebble ty. *s in the Triassic racks. 

the writer was gesistsd in the field at various ties oy 4forge A. 

Alliams, Omer B. hew, Forrest . and Uchard z:.rd 

others, and the help of these goologistti is gratefully acknowledged. 

ihe stratigraphio sectiJna and correlations in northern i;tan end norU-

western '...oloredo welts :ilastly made by F. C. ?oole in close cooperation 

with the writer. Che writer is grateral t.ite this inforuation. 

The writer has also used booth published krod unputaishad 

collected by other oologiste wor.i.ing with the ,t1ological urvey 

in the study of the Ariassic rocks. Thta inforzation includes the wark 

of R. Aileon on lithofteies relationships, of F. ). D. hewo, 

and G. A. Villia s 'In sedimentary strug:tures, of i.. 4. :;chalts or clay 

mineralogy, of it. L.. .,:adigan on sediamntary petrology, and of *111;..am 

:hordstrem and e. Alb*. on pehble tj)es. 7fte specific contributions 

of these oologists are noted in the text, but r.he writer is particularly 

graltetql to these people for many valuable lisousrlions concerning the 

lriassic rocks. J. Harshbarger, X. Cooley, and C. A. *penning 

helped greatly in the study of the stratigraphy.of the ;hinle formotion 

in the havejo Indiar 'elervation in ,Irisons. C. t:raiK, who wipervieed 

:such of the work, made valuable su,i;gestions and provided oontirual 

encouraesment thrawhout the course of the study. The writer is ale 

https://stratigraphy.of
https://pi,rt-ti.De


grateful to J. A.. Thompson, w. R. Dickinson, and other professors 

at :Aerford Javereity for their advise and help durin„, the course of 

the Ntudy and during the preparation of the manuscript. 

The writer has made extensive use of published acrd unpublished 

materibl on the Triassic etratigrephy of the Colorado ?latee4. The 

stratigraphic correlations, except where nited, and the elncilsions 

reached in the interpretative part of the report are, however, the 

contribution aLd res)onsihility of the writer. 
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j it. Nit. T 

Jeologic work on the Colorado :latesu was Degun in 1853 14nd has 

continuei at an expanding rate. the earliest work, in 1853, was by 

Jules Mercou (1856, 1858), who traversed central New Aexico and Arizona 

and recognized various strati, rephic units including the New lied sand— 

stone corresponding to the present day Triassic mcks. J. S. Newberry 

(1861, 1876), first as a member of the Ives expedition in the years 

1857 rued 1858 and later of the Macomb expedition in the year 1859, 

briefly described the 4eology, including the Triassic strata, in northern 

irisone, northwestern New Aexico, southwestern ,,olorado, and southwestern 

Utah. 

uurik, the 1860's, 1870's„ and 1880's, the ‘.;oloredo ?lateau was 

the site of four great surveys that were sponsored largely by the J. S. 

government. Thee* are the famous Wheeler, Hayden, Kinir4 and ?moll 

urveys. The heeler c'urvey (U. . Jeographical -urveys est of the 

)ne Hundredth weridian) under the direction of the !• S. Army undertook 

geologic study of the Colorado ?leteau, particularly the western border 

in southwestern Ash and northwestern )risona. The .4yden Survey 

(,;eological and AsogrepAcal :',urtrey of the Territories) under the 

direction of the epartsent of the Interior covered &host of Colorado 

and small adjacent parts of Utah, Arizona, and awe Mexico. This King 

purvey (U. S. ;eologicel ftploration of the fortieth ?arallel) under 

the direction of the Y• S. Arm described the geology of parts of northern 

Utah and .;oloredo. The work dons under the direction of Uojor 
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John W. ?well, and often referred to as the ?owell '-arvey, included 

study carried out with private funds, as well as under the i.epartment 

of the Interior. This work was in purls of northern Arisen*, eastern 

jthho end northwestern '.:olorado. These Slarveys recogrdsed and named 

many strotigraphic units, same of which were correlated throughout a 

large ptrt of the Colorado :1hteau. :iiierhaps the wont impressive 

attezdt At regional correlation was that of dajor ?well (1876) who 

recl,:Tized four major grouds of strata of Jura and Tries age, as he 

called them. The divisions in ascendint; order: (1) the Shinarunp 

poop, (2) the 4r million Cliff graop, (3) the Whits Miff croup, and 

(4) this Fleeing t.iorge croup. .lowoli correlated these groups oetween 

the Uinta )Antains on the north and northwestern ;,risone on the south. 

The lhinarump croup included the .ioenicodi and :;hinle formations es 

recognized today. 

Of the names pror,osed by ?mall only the term Shinarumd is ased 

today, vhd that has been modified to 40 the Shinarump member of the 

kiinle formation. ?Quell used the term Shinarump in a dual sense; in 

one sense to describe a croup and in the other sense to describe a thin 

sandstIne and conglomerate unit (his Shinarump conglomerate) within 

that group. This latter usage is the one that has been retained. 

?moll (1'73) first used tho term Shinarump to describe one of the 

erosional cliffs (the Shinarump Cliffs) in southwestern Utah. Gilbert 

(137510 rnd 7404,1,11 (1875) used the term Shinarump conglomerate to describe 

the resi start unit that forms the Shinarump Cliffs, and Albert and 

ioweli are often given credit ter the nace Shinarunp conglomerate. 
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Naferences to :omen in the works of Albert and Howell, however, leave 

little doubt that they oonsidered that 'moll was the orieinator of the 

tem although ?omen did not forz*lly use the term in a publication 

until 1876. The Shinarump conglomerate was considered 11 separate forma-

tion until it was redefined as the Shinarump member of the 

formation by ritewart (1957). 

Whitman Gross and his associates extensively agoetord end described 

the geology of the San Juan Momntains region (fig. 1) in southwestern 

Colorado and Ablished their findings in a series of publications dating 

from 1899 to 1914. In this work, Gross and his associates defined the 

Dolores formation (Cross and Purington, 1899) and later codified this 

definition (Cross and Howe, 1905a). The term Dolores formation as used 

in Cross's modified definition is still generally used today in the ,,en 

Juan Mountains region and is used in this report. The bolores formation, 

hwever, is a unit of Late Triassic age and is entirely equivalent to 

the more extensively recognised Chin's formation. The only reason for 

retaining the tern Jiollres formation in the San Juan :!ountains region 

in preferenos to the term Chinle forAktion is the factor of usage—the 

term Dolores formation is the ecoepted term for these rooks in the San 

Juan -ountains region. 

In a series of articles snout the Navajo Country, H. L. aregory 

(1914, 1916, 1917) described many of the salient features of the Triassic 

stretigraphy in north-central Lrvi east-central Arisen*. ';regory's 

paper (1917) on the xavojo Country is an outstanding contribution to 

the stratigrephy of the Colorado Plateau. although moll of Gregory's 
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work has :seen revised, many of his names End stratigraphic divisions 

are still used today. Gregory (1917) recognized the zdhinarump oonglom-

orate and named the overlying Chinle formation. Shinarump conglom-

erate is largely the same unit that is now called the -3111narump member 

of the hinle formation. Jregory named the forciation for 

exposures in Chinle ,alley in east-central *rimona and recognized four 

divisions of the formation, which are in descending order the A, S, 0, 

and D divisions. These divisions correspond to units now piiven formal 

news. The A uivision is the church ,ock member of the ;:binle formation; 

the B division is the Owl hock member; the C division is the :Iota-fried 

Forest member; and the D division is the 4onitor outte and llwer red 

members. These divisions, now recognized as forwally named memosrs, 

are the basis of much of the detailed strati] raphic work recently done 

on the Colorado el6teau. 

In the 1,201s, 19304 m, and 1910's, many detailed geologic map-

ping projects and stretigraphic studies were carried out on the, i;olorado 

Plateau. These studies were mostly under the direction of the U. 7). 

Geological -larivey. The most important stratigrs„thic paper in this 

period onm by riskier, Lane, and ,esside (1)36) on the correlation 

of Jurassic formations in part of Utah, Arisonet, sew .4exioo, and 

.,4'ollrado. This paper, although mainly concerned with Jurassic forma-

tions, also contains conxiderable irformation on Triassic rocks. 

)tbe r papers 4uring tas period that contain important stratigraphic 

information include Baker (1933, 1)3c, 1946), Dane (1935), McKnight 

(1940), quilt (1953), Longwell end others (1923), sod Uilluly and 
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Neeside (1928). 

In the Zion ?ark region in southwestern Utah, iriegary (1950) 

recognised the ::hinarualp conglomerate 4nd the overlying Chinle forma-

tion. Es divided the Chinle formation into four mowers, which are 

in asoending order: (1) lower. sandstones, (2) Petrified Forest member, 

(3) Springdale sandstone melber, and (4) upper sandstones. The thin 

"lower sandstones" unit is difficult to recognise ass distinct member 

and is included in the ?etrified Forest member in this report. 

Gregory's paJor contains the original definition of the ?etrified 

Forest and !"iprin*idale sandstone members. Later work by fiershbarimr 

and others (1957) and keeritt and others (1955), however, has elown 

that the upper part of 'regory's original ?etrifisd Forest mew)er se 

well as his :7,pringdals sandstone member and upper sandstones are part 

of the alen Canyon group, which includes the Wingate sandstone and 

overlies the %;hinle formation elsewhere on the :oloredo Plateau. The 

Ghinlm formation in the Zion Park region, tilerefore, is only the lower 

part of what was originally considered to be the Chinle formation in 

that region. Unilarly the Ohinle formation as presently recoi;nised 

in southern Nevada is only the lower part of what was originally con-

sidered to be Chirlo for (Wilson and Stewart, 1959). This 

nomencleture used in this report in southwestern Utah, northwestern 

trisona, end southern Nevada is shown in figure. 2. 

In northeastern Arizona and southeastern jtah, members or Uve 

Ghia* formation have been defined recently. stewart (1957) proposed 

that the Shimerupp conglomerate be redefined as the Shinsrump member 
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of the ChinIe formation and named a new unit, the 110211 Mick member of 

the Chia. formation. Witkind and Thaden ;in press) in the Monument 

Valley area, £rizoni, recognized, in ascendimi; order, the Shinarump, 

monitor jatte, ,jetriried /*rest, Jwi ICits and Lhurch /lock members 

(the mss aok aember is not present in this area). All but the 

Shinarump and :Istrified vcrest memoers are new naws proposed by 

*itkind *nd hsdsn. Harehbarger and others (1957) naaed the RocK 

Joint member of the Wingate sandstone in northeastern Arizona; this 

member is the sPme as the '.,'hush ;lock member of the Chinle formation 

namo4 by itkinl ar$ Madam ;in press). As used by liarshboriger and 

others (1?57, and Aiticind and Theden press), U'le name hock ;''coint 

member of the Wingate sandstone is applied south of Laguna Crimea in 

Arizona and the name C.hurch Rook mwm.Nor of the Z:hinle formation north 

of this creek. In this report, tho n. to::hunch took meswer of the 

China* formation is used everyehe, member of.-e, and the mime :4CX 

the Wingate sandstone is abandoned. This nomenclatural change is zusie 

far three reas/nst (1) an arbitrary name cunge at a creek is andesir-

able, (2) the V-pe of rock in this nezasr has classically been included 

in the Castle formation and %.A•egary (1)17) included tho strata now 

lesignated as the .:hunch Hock apLaer in the Chinio formation *ha.% he 

originally defined tile tamation, end (3) the ruoxs of the ;.;harch 

Amax eespoer are lithologically more similar to the rocks of the 

underlyin4 part of the Chia*, forArtion than they are to the over 

lying 4ingate sandstone. 

In the Navajo country of northeastern Arisona, Akers mnd *them 
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(1956) and (.00ley (1959), recognised the following mem*ers of the 

Chinle formation: the Shinarump, lower red, fttrified Forest, and 

4e1 Rock members. They cowsidered the Church took member, their 

hock Point member, to os p+rt of the 'ingots sandstone. The lower 

red member oat-responds to the Monitor butte weber as recognised to 

the north. Akers and others (1956) also recognised a prominent sand-

stone unit in the etrified Forest member--the 5onsela sandstone bed. 

Cooley (1956) proposed the new Mesa Liedondo men3er in east-central 

orisons for a unit sJ4ewhat similar ta the lower red and onitor 3utte 

members. The 40nitor 4utte, lower red, and Ness der do ue..bore all 

000mpy approximately the same etretigraphic position,. but our in 

separate areas. All three naNes are used in this report Dece-;.se eAch 

has a use to describe a slightly different litholoiic type. :he 

terminology adopted in tails report in northeastern Arisona and south-

eastern Utah is stown in rigors 2, and consists essentially of the 

Shinaruimp, 4Aonitor iluttle (lower and Mesa .edondo), Moss Backs 

?strified Forest, 401 =AMA, and alurch :ioot =bars. 

In north-central New Aorthrup on4 wood (1946) defined 

the Ague Lorca sarxistons member, the ',;alitral shale tongue, and Um 

?oleo sandstone lentil in the lower part of the Chinle formation. me 

name 'oleo was originally proposed by vin lwens (1911), but the other 

two names were raw. The nomenclature of ,4orthrup and 'flood is largely 

used in this report (fig. 2). 

In northeastern Jtah and northwestern Ckadorado„ strata of 

Late Triassic ads have beer. divided by many geolo -fists ;Thomas and 

https://Dece-;.se


others, 1345; Huddle and '4,341nn, 1947; Kinney, 1951 send 1955; brill, 

1944; Donr4r, 1949; Sheridan, 1950) into the !".hinarump conglomerate 

and Chin's formation. Nacause of regional aorg on the L:olorado 

Plateau, the f',hinarump con#Jomerate in this area can be shown to O. 

a separate unit and is referred to as the Ulartra somber of the twinle 

formstior in this report. The name . rtra vas originally proposed 

by Thomas and !,rueger (1946) who used the tarsi Gartra grit member 

of the Stanaker for4ation. The Stanaxer forAktion is the same as 

the Chinle for:p.stion used in this report. )ther members are also 

recognised in the Chinle formation in rortheastern Utah and north-

western Colorado (fig. 2). 
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P4TRIM LENV,RY :OCKS 

A r classification of detrital sedimentary rocks is used 

in this -eport. The classification is si,Alar to t!lose ?roposed by 

,:milbert (1955, fig. 96 and 97) and Pottijohn (1957„ p. 290-293), but 

differs fro. both in important details. The classification was devel-

oped in order to express in a rock nhaft two factors that are lacking 

in the other classification, namely (1) the mean grain size of the rock, 

i.e., whether t•le rock is a conglomerate, sandstone, siltatone, or 

claystone and (2) t:.s dominant clay tyA, i.e., kaolinite, illite, or 

aonteorillonite, in the rock, if the clay is quantitatively an 

important ?art of the rook. In addition, the classification expresses 

the factors of provenance, maturity, and fluidity (rettijohn, 1957) 

that are i eortant olelonts in other xitrologic classifications. Wo 

complicated new names have betm invented. In sqlition, many of the 

controversial or ambiguous terms of the other classifications have 

been avoided. 

The fundamental pert of each rook name is a textural tome s4ch 

as conglomerate, sandstone, siltstone, and claystons. The textural 

tern is modified by mineralogic names that describe the composition 

of the rock. As examples, the domina=nt rock type of the Church lock 

Dumisir is ar illitio arkoaic miltstone; donimAnt -ock t, pas of 

the vtritied ?Greet menher ere illitic-nontnorillonitie claystome 

and mcntmorillonitic volcanic sandstone; and the douinant rock types 

of the Shinarump taaosr are kaolinitic quarts sendstare twi quarts 
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sandstone. These names, it is hoped, give an immediate impression of 

the type of rack without requiring knowledge of the quantitative basis 

of the classification. 

The classiftcation is nplved an separatism of the detrital 

covonents of the rock into fogr categories, which are (1) quartz, 

Ghent, rod quartsite, (2) feldspar, (3) unstable fine-rained rock 

fragments (lithic and volcanic), and (h) clay minerals. the ere the 

sane besi,.1 categorise ctse4 by ?ettijahr (1957) and filbert (1955). 

The ,-oc.k types can he 'hoer on n compositional tetrrowirqn ex)reaged 

in ter of the four detrital co ?orients (fig. 3). Four major divisions 

are -41cooised on the hetes of the amount of argillaoeous material: 

(1) less than 10 percent clay winerals„ (2) 10 to 50 percent clay 

minerals, :3) 51 ta 75 percent clay miner/11s, and (1k) mere than 

75 percent clay minerals. The variaus !limes used in sac!: of these 

four divisions are sIovr on figure 4. The nom', of the dosirant 

of clay in the rock is used to in the amount of play in the 

rook. Thus in a rock oontaini- less than 10 percent clay, no clay 

nosm is *dried as a modifier to the textural name (e.g., quarts sand 

stone)) in a rock containing 10 to 5') percent clay, the first modifier 

of the textural name is a clAy name (e.g., i311tic arkosic siltstone); 

in P rock cwItainirc 50 to 75 percent clay, the second modifier of 

the textural name is a clay name (e.t., aricasic Untie claystona)1 

and ir: a rook containing 75 to 100 pervert olPy, the only modifier 

is a clay name (e.g., oontmorilionitic cleystone). 

The advantages of the classification are that the mean groin 
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CLAY MINERALS 

(MITE USED AS FAAMPLE) 
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FIGURE 3. -- COMPOSIT/ONAL TETRANFORON SHOWING Rock TYPES 
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site and doninent type of clay of the room are shown. Few, if any, 

of the advantages of the other classifications are list. in the rock 

of the Chiae for.zatin, claystone #rd siltatone are the dominant rock 

types, and soiae compositional classification is needed for these rooks. 

Other compositional classifications make little or no distinction 

between rooks of different grain sits. Also the differert types and 

origins of the clays it the members of the Chia* formation point out 

the need for including the name of the clay in the rock name. Kaolin-

ite is the domimnt clay in the 'hinarump and Moss !Sack me re; 

montmorillonits and illite-montmorillorite in the 1:ionitor Butts and 

Oetrified .crest sealers; and Mite and montmorillonite-illito in the 

Owl Nock t,nd ,;huroh Nock members. The clays in each case indicate a 

differert origin. The keolinite probably formed by intense subersml 

weathering of feldspar, clay minerals, or other minerals. The 'ant-

oorillonite indicates weathering of volcanic debris or Aevitrification 

of glassy volcanic material. The illite probably represents sub-

aqueous diagenetic alteration of other clays in the basin of deposition. 

Nessus. of the diverse origins of these clays, some method is needed 

to indicate the Woe of clay in the rock, and the proposed classifica-

tion does this. 

(a difficulty in the use of the proi)osed classification is 

that the typo of clay in the rock is often difficult to determine. 

tuch of the clay identification in the Mini* formation is based as 

X-ray diffraction work (Schultz, in press; Cadigan, 1959., p. 5%-
556), and thus a classification based on clay types is practical. 
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If the classification is used elsewhere and the clay cannot be Iden-

tified, the word eargillaceous" or "clayey" could be substituted for 

the clay name where the clay name modifies the terms conglomerate, 

sanostone, hnd siltstona, and the clay name could be dropped entirely 

where it modifies the term claystone. Thus such terms as clayey 

arkosic sandstone, arkosic claystone, and clayutone could be used. 

The classification given hers is designed to descrioe only 

the detrital components of the rocs. The cement, however, can be 

indicated by use of modifiers such as calcareous or siliceous where 

these components constitute fro:; 25 to 50 percent of the racA. Ihus a 

quarts-rich rocs, for example, with 30 peroent carooilato oeraent would 

be called a calcareous quarts sandstone. 

The classification makes a distinction between detrital volcanic 

material and pyroclastic volcanic material. -etrital volcanic materiel 

includes all volcanic debris that is abraded and transported into the 

basin of deposition by sedimentary processes. Pyroclastic volcanic 

material includes material thet is unabraded and introduced into the 

basin or de)osition aerially from a volcanic vent. The detrital 

volcanic material la an integral part of the classification and is 

indicated by the modifiers "volcanic" and seubvolcanio.° Pyroclastic 

volcanic material is not included in the classification. A rook, 

however, that contains 25 to 50 percent pyroeolstic material can be 

indicated by the modifier tuffeoeous. Thus a quarts-riot rook with 

30 percent pyroalsstic material is called a tuffaceous quarts sand-

stone. oak with more than 50 percent pyroclastio material is called 
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tuff. Luch a distinction between detrital volcanic debris and gyro— 

elastic mPterial is generally difficult to make. The distinction is 

necessary, however, to indicfts the different means of trans; ortation 

of the material in the rocx, end is in conformity with the definition 

of tuffaceous and tuft given by ientworth and rsilliams (1932) and 

discussed by Hay (1952). 
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Table 1.--Dominant ock Types of the Chinle Formation 
:using ,'roposed asssification4 

Oook namss in parentheses indicate subordinate rock type) 

member Dominant dock Type 

Illitic arkosic siltstone 
Church lock arkosic siltstone 

(Illitic arkosic sandstone) 
(Illitic feldspathic sandstone) 

Illitic arkosic siltstone 
lel hock Montmorillonitic—Illitic arkosic siltatons 

("alaareous arkosic siltetone) 
(Limestone) 

01111•111•••••••••••••••• 

Illitio—montmorillonitic claystons 
vatrifitd Forest Montaorillonitic volcanic sandstone 

Montmorilionitic subvolcanic sandstone 

4tuarts sandstone 
Aoss asek Isolinitic quarts sandstone 

isainitic feldspathic sandstone 

Illitio—montmorillonitic volcanic sandstone 
Illitio—montaorillonitic feldspathic sandstone 

‘;:onitor ixutte claystone 
(Isolinitio feldspathic sandstone) 
(Feldspathic sandstone) 
(warts sandstone) 
(kAllcarsous feldspathic sandstone) 

Shinaruap Ksolinitic quarts sandstone 
4uarts sandstone 

*seta mostly from Cadigan, 1959a, and u. '4hults, in press. 
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A'SCRIPTI0N As: WAS!*IFIOATrON OF SEDIAii;NTART STRICTURES 

The ,,;hinle formation contains a wide variety,of sedimentary 

structures Including current lineation, ripple marks, uniform 'Atdding, 

cross-stratification, contorted structures, channels, and males. 

These strictures are mainly the prodact of aqueous currents. In 

addition, the upper part of the Chinle formation and the overlying 

Wingate sandstone contain eaten dune deposits in which large sole 

cross-strata occur. The types and varieties of soibrontary structures 

occurring in the Chinle formation, and some olosoly related types in 

the Wintate sandstone, are briefly described below starting with the 

smaller features such as current lineation and ending in large sc41e 

features such as channels and males. 

Current lineations 

Current lineations (Aokes, 190) are linear streaks of sand 

grains occurring along flat and sm'oth oeiding plains (fig. 5). They 

form parallel to the direction of current flow and represent o stree73-

lining of the flat sand bottom in response to the passing current. 

These stractures can cc only be observed in aodern strearas, and are 

fairly common in the fluvial isposita of the 'hinarump and .)ss Amok 

webers of the k;hinle formation. 
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1!..1 

414 ,) 

Figure 5.--Gurrent ling in the Moss amok member of k;hinie formation 
in the ',,hite ,:anyon area, Utah 



±sueous ripple mnrks 

Two basic types or aqueous ripple ,i4:rke occur in the Chinle 

formation.-?arallel and cusp. A structure that is interpreted to t-,e 

formed by the deposition of layer upon layer of cusp ripple marks is 

abundant in the Chinla formation, and is referred to as rib-and-furroe 

structure. Alb-and-furrow structure, if it is truly composed of ripple 

marks, is the most common type of ripple marked structure in the Chicle 

forAstion. The rip7)1e 'strike, including rib-and-furrow strlatures, are 

most common at the tops of fluvial sandstone units such as the Shinsruap 

and oss Beak members, and in sandstone units in the aonitor 

member, although ripple works may occur anywhere in the formation. The 

ripple scrim usually occIr in very fine-grained sandstone or in coarse 

siltatove. 

r p)le marks consist of linear ridges and troughs 

(fig. 6, 7, and 8). In cross-section, the ridges may be symmetrical 

(sywAtrical or oscillation ripple marks) or asymmetrical (asymnstrical 

or current ripple marks . The short steep slope is on the down current 

sir* in asymmetrical ripple marks. In the Chicle formation, both 

symmetrical (fig. 7) and asymmetrical tag. 8) ripple marks occur. 

The wave lenetha of the ripples in the C'hinle formation are generally 

about 1 inch, although they may he as long as 3 inches. The ripple 

ratio of the amplitude of the wave from trough to crest to the 

wave length) is generally between 1:9 and 1:12, which is close to the 

ripple index of ith to 1:10 listed by Kindle and liucher (1920 as being 

characteristic of water-formed ripAes. 
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'jaws 7... Symmetrical parallel ripple marks (fluvial) at top of 
Shinarump member of Chivas forma. 
area, Ariaon• 

Figure Bi--Asymmetrical parallel ripple marks (fluvial) at top of 
Shinaruarp member of _Thinly, formation in Lees Perry 
area, Artsora 
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Layer upon layer of parallel ri)ple marks can tie dclosited, 

forming t thick unit of superimposed ripple laminas (fig. 6'. sach 

units, composed of parallel ripple laminae, are ?robably ,74sr..3 1r the, 

Chinle formation, tlthough the:, are coma= in some recent stream de?osits 

such as those on the delta of the ';olorado hirer described by .iic4e. 

(1939. 

Cusp ripple worxs corsiat of arcunt4 ri4gen with the cor,calre 

std. dowrstreee (fig. 6 ard 9). They commonly &ppesr sisalar, except 

in size, to bet-ohm dunes. The arcuate ridges arc gu;:erclly 3 tJ 4 

inches across erd are distributel on a beddin4 plane in an irregular 

pattern, or with a elicht tendency for the cusp :marks to be alined 

downstream. The forms and ?Ptterns made by cusp Apple marks sae quite 

varied, howeyer, end many varictions fros ideal cusp zar4s to irre,olier 

marks with ammetrical fortis and patterns can be seen in tno field. 

A structure thought to be clwoscd of layer :von layer of cusp 

rivle marks is partiolxlerly abundant in the Chinle farziation. ;2U13 

structarl has bean called "rib-and-.furrow" by !Aoles (1953) who first 

described the structure, and this term is used in this report. iiib-

and.furrow structures consist of parallel ridges aoperated by shallow 

trouchs. The troaehs are t ,erarally 3 or L inches wide And are filled 

with layer upee layer of miniature era ate cross-laminae. As deternined 

troll other sedimentary structures, the troughs trend dammatreasi. The 

troughs And ridges are discontinuous in a downstream dirsetioa. hey 

generally extord a halt foot to a foots althouo some A'ay bit trawl 

for several feet. %her viaesd from above 'lig. 104 the structures 



Figure 9.--Cusp ripale martcs kfluvial) at top of Shinarump %ewer of 
Chinle formation in Lees Ferry area 

28 
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• -40 F,r;„ 

Figure 1O.--''Ian view of rib...and-furrow structure at to of Shinano" 
member of Chia* forzation in Loss Ferry area, Arizona 

figure 11.--Side view of rio-anA.furrow ctructure from lower red 
member of :hinle formation in east-central Arisona 
(rock about 8 inches across) 
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appear to indistinct discantinuole troughs filled with arcuate cross-

laminae that trend across the tro.li'-e and abet tgainst the ridges et 

an acute angle. in plan view, the cross-laminae are concave down-

stream. *hen viewed from the side Jig. 11), the strictures a„;enr 

as miniature scour and fill cross-strata, with cross-laminae dipAng 

gently downstream and fillin;; shallow troughs. 

Lolian ripple marks 

%aim ripple marks in ancient rocks are a rem occurrence. 

An unusual type has been described by UoKee (1945) fro the ;soconino 

sandstone of )risonal in addition, 'ogle (1957) and the writer have 

noted eolian rip 11e marks in the Triassic and Jurassic rocks of the 

Colorado Plateau. 

The eolian ripple !arks noted by the writer (fig. 12 and 13) 

art in very fine- to fine-grained sandstone of the ningate sandstone 

at Ft. ningste, New Mexico. They occur on the gently lipping parts of 

cross-strata that are interpreted to sae the forsset strata of a dune. 

The ripples have essentially parallel crests. The crests are about 

6 inches apart, and the amplitude of the waves is about 0.13 inch. 

The ripple index is 1:45 which is within the range of ripple Indio*. 

of 1:20 to 1150 (or more) given by Aindle and Auoher (1926) as *her-

acteristic of wini-formed ripples and is much different from the ripple 

/Micas for aqueous ripple LArks. 



Figure 12.-44.411:n ripple marks in *ingot* sonistone near Ft. wingate, 
Nee Asmico (note 6 inch scale) 

Figure 13.-.Trough sets of eolian cross-strata in *ingots sandstone 
near Pt. *invite, Mew AOXICO, showing location of *alien 
ripple marks shown in figure 12. kUrale marks location 
of hemmer resting on ripple-marked surfsce. 
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Aqueous cross-strata 

Cross-strata ars the dominant sedimentary structure in fluvial 

units such as the Shinaramp and Acme fleck members and the Sonselt 

sandstone bed of the 'Zhinle formetion. in addition, much of the 

kionitor ',atte and Petrified Forest moulbars and in some areas much of 

the :-Ihurch iiock member cortain cross-strata. in understanding of the 

types end origin of cross-strete is essential, therefore, in interpreta-

tion of the environment of de?osition of the Chinie formation. A 

brief description is given here of the types of cross-strata; the 

origin of croso-strata is discussed later (see interpretations). 

The cross-strata in the Chinle formation can be divided into 

two nein groups on the basis of the shrps of the sets ir which the 

cross-strata occur. ) set is defined by :AcKet, and Weir (1953) as We 

group of essentially conformable strata or cross-strata, separated 

from other sedimentary units by surfaces of erosion, non-deposition, 

or obrui4 chfinos in charecte-." One type of cross-strata in the 

Chinle forv;tion oocurs in tabular planar soots in which the upper and 

lower boundaries of the sets ars parallel, or essentially parallel, 

flat surfaces of erosior. The other type of °romp-strata occurs in 

trough sets in re=ach the lower boundary, and in most cases the u?per 

boundary as well, are curved surfaces of erosion. Jf tte two types 

of cross-strata, the tabular planer type is by far the most abundant 

in the 3hinerump and goes aack members and the !onsela sandstone bed. 

Trough rite, however, may be the most abundant type in the tonitor 

:lutte and eitrified Forest members, although cross-strata are 
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difficult to see in detail.l in these units. 

The tabular planar type (fig. 6, 14 and 15) of cross-strata 

occur in sets which generally rani:e in thickness from or foot 

to two feet. Individial sets can be traced laterally along exposures 

for at least 200 feet. In plan view, the orose-strat.a appear as 

laminae dipping and striking uniforall. The orose-leminee do not 

curve in plain view as is characteristic of the cross-laminae in trough 

sets. in cross-section, the cross-lsminae are concave Apward and become 

torgentikl downwards with the lower bounding surface of the set. The 

maximum dip of the cross-stray is generally about 20 to 25 degrees. 

The trough type of cross-strata (fig. 6 and 16.22) occurs in 

a variety of shapes end sizes, and the varieties are difficult to 

classify. The trough type of cross-etrat& in the Shinorlap and does 

:lack members occurs in sets that generally rangy in thickness from 

one-half toot to to feet. In plan view, the sets are narrow elongated 

features commonly 5 to 20 lest long ,Irsi 2 to 5 feet wide, with blunt 

rounded terminations upstrean (fig. 16, 17, and 18). 'downstream the 

sets are cut off oy the development of other sets. The croewetrate, 

in plan view, ere curved and are convex upstream (fig. 16). In a 

crose-section cut along the length of the trough, the sets either are 

lens shaped (fig. 19) or are tabular layers that resezble tabular planar 

sets in cross section (fig. 6). In a cross section cut across the 

trough, the lower t)oundary of the set is U-shaped (fig. NJ) ansi the 

upper boundary is a surto* of erosion marked by the 1-shaped boundaries 

of overlying sets. The dips of the indivilual cross-strata are 
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Figure 14.--Tabular planar cross-strata (fluvial) in :;hinaruad member 
of Chinla formation near Jowls, Utah 

Figure 15.--Ubular planar cross-strata (fluvial) in Shinimusp amber 
of Chinla formation near Kassab, Utah 
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Figure 17.-.Plen view of trough cross-strata (fluvial) in Shinarump 
member of Chinle formation in '1/44nyon De filly area, 
*visors 

f_1741114 

Figure 18.....Plan view of trough arose-strata (fluvial) in shinarump 
member of Chinle formation in Canyon L* lly area, 
Arisona 
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Figure 19.—Side view of trough cross...strata (fluvial) in ahinerumd 
member of Chinle foreati,n nese Cameron, Arisons 

pigure 20.--- n1 vim (looking downstream) of large trough est of cross-
strata in Shinerump member of Chia* formation near 
C;emeren, Arizona 
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Figure 21.--Shallow trough sets of low angle cross—strata (fluvial) in 
Petrified Forest member of .:;hinle formation near 
L;ameron, Prisons 
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Plow* 22.--aide eiw of deep trough sets of cross—strata (fluvial) in 
sandstone bed in totrifiel Forest member of Chin's 
formation in east—central Arizona 
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generally about 20 to 25 degrees. 

The cross--strata in the clayey sandstone of the Oetrified 

Forest memoer occur generally in trough sots (fig. 21), but the scour 

at the base of the sets is shallower than in the sets of the Shinarump 

and ,!oss 'Jack members. :r addition, the dip of the cross-strata is 

rarely -more than 5 or 10 degrees. As will !)e discussed later, these 

cross-strata in the 24trified Forest member probably formed under 

different conditions than toes of the Shinarump and 'iloss pack members. 

Other varieties of trough cross-strata occur. For example, 

in some sandstone units cross-strata occupy fairly deep, well-defined 

troughs (fig. 22), and tho cress-etrata appear to have filled in *holes" 

that developed on the bottAms of streams. In addition, extremely large 

and is regular shallow trouhs charecterise the cross-strata occurring 

in sediments that, t fill broad charnels (ancient river courses). Trough 

cross-strata, thorrefore„ include a variety of types that probably 

formed under different physical conditions. Their classification is 

unsatisfactory and generalisations *bout them are difficult to make. 

cross-strata 

Cross-strata are the dominant sedimentari structure in the 

solian vfingato sandstone, thet overlies ties Chinle formation, and in 

lenses or tongues of sandstone, similar to the %inset, sandstone, 

trot occur in the q der part of the Chinle formation in northeastern 

Arisona an4 northwestern 'see ,.mxico. Those cross-stretA, as will be 

discussed later, wore formed in send dimes. These tolian cross-strata 

resemble those formed by *quoins promos's, and the two types cannot 
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always be told apart. The eolien cross-strata, however, are in most 

cases on a mush larger scale; they 6:0 commonly 10 or more foot long, 

whereas aqueous cross-strata are generally less that 10 feet long. 

In addition, the dip of the solian cross-stmt.* is oommonly someetat 

higher than that of aqueous cross-strata; eolian cross-strata generally 

dip about 30 or more degrees whereas aqueous cross-strata dip about 

20 to 25 dogma. 

Two main types of solian cross-strata occur--tabular planar and 

trough cross-strata. The tabular planar sonar, cross-strata (fig. 6 

and 23) ere similar to those of aqueous origin except that they are 

generally in thicker sets, commonly 5 or 10 foot thick, some sets are 

40 or nor* feet thick. Est of the trou,lh cross-strata of solian 

origin (fig. 6 and 24) are different from those of aqueous origin. 

The boundinir: surfaces of the set are surfaces o: erosion and dip 

generally soout 10 degrees, out the curvature of the surf**e is very 

slight in contrast to the aqueous cross-strata in which the curvsturt 

of the bounding surfaces is marod. Some of these cress-strata approach 

the shape of planar cross-strata in which the dlanar surfaces between 

sets dip about 10 degrees. In plan view, ell of the col is trough 

cross-strata curve Nently but perceptibly. 

Con tortsd strata 

'i'ssntorted strata, oath on a snail, end a large scale, occur in 

the (;hin14, formation. A reversal of dip or slumpinr it the upper part 

of tabular planar cross-strata is the most common tape of small soy'. 

1.mtortion (fig. 25 and 26). In cross section, the cross-strata and 
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Figure 23.-.Tabular planar cross-strata (collar) in 'Arleta sandstone 
near Oat way, Colorado. set is about 15 test thick. 

—114"41i.. 

Figure 24.--Trough cross-strata (aalias) in Wingate sandstone near 
Ft. Wingate, Mew Nexlco 



Figure 25.--,;ontortad cross-strata in ;.oaa Sack maw of Chinla 
formation in 'hits Canyon area, Utah 

Figure 26.--t:ontorted cross-strata and =contorted tabular planar 
crose-atrata in MG'S fteic member of k2linle formation 
ir Canyon area, Utah 
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the contorted u Aer pert of the cross-strata appear like a recumbent 

fold; individual laminae hove the shape of a U laid on its side 

(fig. 25). In some sets, the J-shaped pattern is not well developed, 

and the upper part of the set is contorted in an irrnular pattern 

(fig. 26). contorted cross-strata aro oommon in fluvial sand-

stone units such as the f7hinerump g rci ass dock mu tubers. 

:ontorted strets1 involving entire beds or groups of beds are 

common in the .onitor 3utte and related members of the Chinle for: ation 

and also occur rarely in other parts of the for. hkvit commorly 

the contorted strata consist of well-cemented, ripple--aarked sandstone 

beds interbedded with cleystone, siltstone, and clayey sandstone. :he 

son atone is intricately folded (fig. 27 and a) or occurs in irregular 

block, lying with almost any conceivable strike and dip. Such contorted 

strata may be smell features coverin6 only a hundred square feet and 

involving 5 feet of strata or they may cover many sores and involve 

50 feet or more of strata. In 119M0 pleat's, the contorted strata are 

truncated and overlain horizontally by undistarr)ed strata, indicating 

that, the contortion was coifed by slumping shortly after deposition 

of the strata. 

Channels and moles 

.;hannals are large U-shaped scours or valleys cut into a 

stratum and filled with sediasnt of the overlying unit (see illustra-

tions in 'inch, 195', a. 1 and 9). Limit commonly the chancels are 

& few hmndred feet wide and 9D to 100 feet deep. Soso chanbels can 

bo traced over a sinuous course for many miles, whereas others can be 
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Figure 27.--Contorted strata in monitor Attie member of Chinls formation 
in Capitol beef area, Utah 

Figure 28.--Contorted strata in .monitor '3utte member of Uhinle 
formation in capitol .00 area, Utah. Uote flat—lying 
strata truncating folded strata. 
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traced only a part of ei mile. -ost or the channels are cut Into the 

Mosnkopi formation and filled with sediment of the Shinarusp &ember, 

bat channels also occur at the base of the Ross :lack member and rarely 

elsewhere in the fometion. As will be discussed later, some of the 

channels are considered t:.) be the scour channels of rivers; others 

probably are filled river valleys formed during an older perioi of 

erosion. 

--wales ( itkind, l956) or valleys are brawler relief features. 

They commonly range in width from 1 to 3 miles and have a relief of 

about 40 feet (Witkind, 1956). These swalee are considered to be 

broad river valleys which were later filled with sediment. channels 

commonly occur in the deeper parts of males, and channels are 

probably more own in males than alsewhe,.o. 



rTRATIGRAPHI 

The Chinle formation is composed of a variety of lithologic 

types including thin widespread light-colored sandstone and conglomerate 

layers, variegated bentonitic clay stow tr,1 clayey sfIldstone, pale-red 

or greenis-gray limestxle, and red nonbentonitic miltstone uni sand-

stone. The formation extends over most of the Colorado ?lateau end 

beyond the Plateau in several direatiors. Jn the north, the name 

Chinle formation is generally used in Colors to ani it.ah, but rocks of 

equivalent age and similar lithologic type in ilyoming are designated 

by the name Jehm formation or the eopo Age member of the Chugeater 

foraation. jr, the east, in north-central and central Colorado the 

Chinle formation pinches out on the flanks of the enoestrel Jnoozpshgre 

and Front -ano highlands. )n the slut!,,last, rocks of Late Triassic 

age extend into southeastern Colorado, eastern New Mexico, the ?ar-

handle of '.)klahoss, end western Texas (4c Kee and others, l9W. In 

theso areas, the term Dockum groa?„ consisting of the :Ants Sow' sand-

stone and the Chinle formation, is mostly used. to the south, the 

Chinle forwition prooably originally reached a limit along the north 

flank or the ilogollon highland, an ancient highland which occupied 

southern Arisons and adjacent parts of .:alifornia and Mew Aerie°. 

The Chials formation is well defined in the spring 3ountains near 

Las vetoes Xevads, but corrvlstim of the formation west of this ores 

is uncertain. Upper Trieesic roots, however, occur extensively in 

western vads and at several localities in southeastern California 
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(AMoside and others, 1957). the Chinle tomation represents only s 

part of the extensive Upper Triassic dayosits of the western United 

States (kcXes and others, 1959). 

On the ,:rolorsdo rlhteau, the Chinks formation ranges in thick. 

nese from 0 to slidhtly over 1700 feet. The formation is thickest in 

northeastern Arizona and northwestern Now ;exico. 

The Chia, formation unconformably overlies the Moenkopi 

formation of Early amd kiddle (?) Triassic age on most of the Colorado 

Plateau. In the *Pattern part of the Colorado Plateau, the 40ankopi 

forvation is absent, and the Chia* forastion rests unoonfornably on 

rocks of tendon age. On the flanks of the Uncompahgre and ?rant ange 

highlands in Colorado and Moo Mexico, the Chinle formation locally rests 

unconformably on :aloosoio rooks eller than Permian, and in areas where 

the Chia, formation clovers part of these highlands, it rests on igneous 

and metamorphic macs of Precambrian age. 

The lower boundary of the formation is everywhere an unoonforaity. 

The unconformity is 0 nsmarsably flat ►lane surface, only interrupted 

in some areas by males, channels, or scours cut into the underlying 

rocks and filled with the strata of the Chi wale formation. In only a 

Lew areas, mostly along the flanks of the Unoompahgre and ?rant range 

highlands, can an angularity be noted between the Chinle formation and 

the underlying sedimentary rocks. ihe most nutsblo angularity is in 

the ()um area in southwestern Colorado where the Dolores for. 

(a lateral equivalept of the Chia, formation) rests with an angular 

discordance, which is locally as great as 6 or 7 degrees, on for; stions 



of ?aleosoic age (Cross and Howe, 1905b). The Ouray area is on the 

west flank of the ancestral Uncompahgre highland. 

The Chinle formation is discamformably, or in 3Y-8 areas con-

formably, overlain by formations of the aim Canyon group in Aost of 

the Gollredo Plateau region. In the central part of the Colorada 

Plateau, the Wingate sandstone (Upper Triassic) of the glen Canyon 

group overlies the Chinle formation. The contact of the Chia* forma-

tion and Wingato sandstone is a flat smooth plane and is considered 

to be a disconformity in most places. In northeastern Arizon* and 

possibly in other areas also, the Chinle formation and the '!ingate 

sandstone interfinger and intergrado. In northwestern Arizona, south-

western Jtah, end southern Nevada, the .4oenave formation (Triassic ?) 

or the 4oenave and Keyents formations undifferentiated (Triassic ? and 

Jurassic ?) diseonformebly overly the Chinle formation. In north-

eastern Utah and nortierestoramost Colorado, the Navajo (Nast) seedsgg 

stone (Jurassic ? and Jursesio) overlies the Chinle formation. Along 

the eastern margin of the Colorado Plateau, the hntrods sandstone 

(Upper Jurassic) truncates older formations eastward and unconfornably 

rests on the Chinle forAstion in nort:,-central New mimic* and in 

south-central, central, and parts of north-central Colorado. Along 

the slathern margin of the Colorado Plateau, the oakota sandstone 

(Lower and , f9per Cretaceous) truncates older foraetions southward end 

on outcrops in east-central Arisona and in west-central New 4exico 

uncorformably overlies the Chinle formation. In east-central Arisona, 

the -etota sandstone truncates the entire Chinle formation and rests 



directly In the *enkopi forwation that underlies the Ghia* formation 

elsewhere. '..iuct-t a southward beveling and total trunoation of the 

:hinle formation by erosion prior to the deposition of the DaKots sand-

stone can only be demonstrated in east-central rigors, but probably 

occurred elsewhere or everywhere along the southern margin of the 

Colorado Pletea4. 

The t:hinle formation is divided into a lower and rn upper pert. 

The lower pert of the formation consists of variegated bentonitic 

claystone end clayey sandstore of the Aonitor :butte, eetrified Forest, 

and related members and of thin widespread ledge-forming sandstone and 

conglomerate units such as the Sninaruard and Loss ;hick members. The 

upper part of the formation consists of reddish-brawn horisontally 

bedded siltstone and minor a%ounts of limestone, ripple-laminated 

siltstone end sandet)ne, limestone pebble conglomerate, and cross-

stratified eardetono. The upper part of the Chinle formation consists 

of the Owl hock member below and the Church Hock :weber above, and 

locally of strata equivalent to these members but called by different 

names. The contact beteeen these two parts of the k;hinle formation is 

gradational and irtertonguing, and although the lithologic differences 

betmeen the two parts of the formation are narked, the exact boundary 

is difficult to locate precisely. In sons areas, the con tact is grada-

tional over 100 to 200 feet. ir, spite of the difficalties in besting 

the exact boundary, these two parts of the formation differ from one 

mmotber not only in litholegic type but also in environment of deposi-

tion end source of constituting material. The strstigraphy and origin 
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of the Chinle formation is discussed, therefore, in terms of these 

two parts. 

The separation of the t;hinle formation into the lower and upper 

parts is useful in all of the Colorado ?lateau, except in northeastern 

Utah and northwestern Colorado. in these areas, red beds (Churoh Roc 

member) belonging to the upper pftrt of the formation are recognised, 

out the other strata of the formation, including the uartra, mottled, 

ocher mudstore, end upper members, cannot with certainty be assigned to 

either the upper or lower part of the Chirle forNation. These latter 

members are not described in this report, out are included, however, 

in some of the diagra..s. A possible bascl goober of the Chinlo form-

ti on in southern 'Arvada probably belongs with the lower part of the 

Chia, formation, but is not discussed. 

Ln addition to the major parts of the Chinle formation described 

above, peculiar mottled strata occur neer the basal contact of the 

formation. BOOMMO they are unique, these mottled strata are described 

separately. 

Mottled strata 

kottled strata ire thin units or lenses characterised by a 

peculiar ,;Jttling of reddish purple, pale reddish brown, and light 

greenish grey ard occur directly below, mar, or at the base of the 

.,;hinle formation. ,he aottled coloration is oelieved to have formed 

by some process of alteration of preexisting rocks, probably during 

the formation of a soil. Locally the aottled strata ere continuous 

and well-definel, tnd are given member na,es (Twzple *ountaln member 
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of the Chia, formation in the San Rafael well in central Utah, and 

the :Aottled menber of Lae Chia. formation in northwestern .';olorsio 

mai northeastern Utah, fig. 29). Elsewhere, these strata vas iilven 

the informal new "mottled strata.* 

The mottled strata have a widespread but potty distributiln 

on the Colorado litteau. They probably occur on less than 10 percent 

of the outcrops of Vie Chinle formation, bAt !vivo been found in almost 

every 4vee of the )1st rn end scijnoont regions. The moat ohvraoteristic 

occurrenoe is In lenses 5 to 10 feet thick at extend silni; the outcrop 

for 1.00 feet to several thousand foot. In soma areas, who mottled 

strata ere contl.nuoun for many miles. The Temple 4ountain member of 

the ::h'! n11, forJation (the name apAisi to the mattlod strata in the 

Srn 4,1fl.4e1 i.4e11) extrnii for neny miles without Interruption =Id 

occurs on 35 percent of the outcrops of the Chinle fornstion in the 

?tafael (hoheck„ 1956). 

'"rye mottled strata occur at the base or in the basal part of 

the Zhinle fortlation, or at t",* Lop of the formation that directly 

underlies the Chinle formation. The rocks directly below the Chinle 

formation on which the mottled strata are devslot.ped include the Moonkopi 

formation in much of the Colorado Uotesu, the :..utler formation 

(Permian) and erscambrien igneolts and metamorphic rocks in south-

western Coloreds, the Ds Chiral"' sandstone (7ersien) in east-central 

Arizona, and other Permian strata in north-central :ter Mexico. 

vocally the strata occur both in the basal few feat of the Chirle 

foi-ration end in the top felt feet of the underlying foreztions and 
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the basal contact of the Ghinla formation lies within the pottled 

strata.. 

The mottled strata may be *Metope, sandy siltstone, srndst-_ -*, 

or conglomerate, or even granitic or metamorphic rock. The aistinotive 

character of the rock is its mottled coloration which, in its tyioal 

fore, is striking erd unmistakable (fig. 30). dish ourplo, polo 

reddish brown, and light greenish grew are intricately mottled; 

irregular blotches generally ore or 40 inches across on one color 

are intricately interwoven with blotches of to other colors. The 

red ani purple parts are colored mainly by hematite (Schulte, in press; 

. Keller, oral commulicatien). In a few e;.eae, irreellar vertical 

gray bards, a few inches across, produce conspicuous vertical stripes. 

The most abundant lithologic type of the ,,ottled strata is 

siltstone, even though the mottled strata may oc,:ir in almost any roc4 

type. The -tvottled siltstone in the Chinle formation commonly contains 

scattered fins to very coarse rounded grains of quarts. Slieh grains 

of quarts have not been noted in the mottled strata of the *oenkopi 

formation, and toe presence or absence or these grains, therefore, is 

one basis for distinguishing the mottled strata of the Chia* forma-

tion from that of the Mosnkopi formation. 

The mottled strata in the basal part of the Chinle formation, 

in addition to siltatone, also oantain local lenses or con lomerate 

and sandstone. The sandstone and the matrix of the congl)merate is 

medium to vary coarse grained; the conglomerate contains granules, 

pebbles, and cobbles of quarts. Locally the sandstone and con4lomerate 



Figure 30...cottla1 strata about 7 ales up the ';oloralo fram 
4osb, Utah 



94 

are cross-stratified. In ease areas, the mottled strata in the 

formation contain lenses of jasper and carbonaceous material ( i 

1956). 

The clay types in the mottled rocks 4V0 particular4 important 

in interpreting the origin of the mottled strata. 5chults (in press) 

his studied these clays end his results are summarised below. 

The clays in the mottled strata in the top few feet of the 

Mosnkopi formation are generally (1) Mite, (2) about an equal Meant 

of aimed layer illite-eantmorillonite in which the illite layers ere 

only slightly more abundant than, or INTL/ally abundant to, the mont-

aorillonite layers, and (3) an equal or sliehtly less amount of poorly 

crystallised kaolinite. The mottled strata differ from the underlying 

red room' of the aoenkopi formation in that they commonly contain more 

kaolinite, more aimed layer illite-montmorillonite in which the illite 

layers are only slightly more abundant than, or equally abundant to, 

the aortaorillonite layers, and less illite than the strata in the 

unaltered aoenkopi forLation. in addition, the keolinito in a more 

poorly crystallised type in the mottled strata, and the settled strata 

rarely contain chlorite and never contain feldspar, although both are 

comma in some par to of the Moenkopi formation. 

The dominant clay in altered ?recambrian igneous and metaa,,orphic 

rocks in southwestern Colorado, lying below the ,;hinle formation, is 

:nixed liver illite-montmorillonite in which the illite layers silo only 

slightly more abundknt than, or about equally in)undart to, the mont-

worillonite layers. Mite, poorly crystallised katolinite, alvd chlorite 
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occur as zim- clay nimral iwzG clays are generally present 

regardless of the composition of the underlying unaltered crystalline 

rock which may be granite, diorite, fig )hi or chlorite schist. 

The clay mineralogy of the mottled strata in the Qhinle forma-

tion shows more variety th*,r. in the mottled rocks in the Moenkopi 

formation or Precambrian. In many places, the mottled strata contain 

poorly crystallised or well crystallised kaolinite as the dominent 

clay. In other places, the dominant clay is sized-layer Mite-

montAorillonite in which the illite layers ace only slightly more 

abundant than, or about equally abundant to, the montmorillonite layers. 

In still other plsoes, mixed-layer illite.montmorillonite, in which the 

montmorillonite layers are dominant, is the OW mineral. Llhlorite 

occurs in minor amounts in some samples. 

The mottled strata are most commonly 5 to 10 feet thick. 

The Temple gountain member of the Chinle formation (mottled strata in 

the San Rafael Anal) is generally about 20 to 30 feet thick and attains 

a maximum thickness of 101 fait in a channel fill (t+obeck, 1956). The 

mottled strata are unusually thick--at least 2(30 feet--at a locality 

along the Colorado Aver about T miles northeast of Moab, Utah. 

The contacts of the mottled strata with the underlying and 

overlying strata are, in most places, poorly defined and transitional. 

The mottled coloration commonly gives way downward into the uniform 

color of the underlying rocks. :he upper contact is commonly sharp, 

but it may also be gradational. 
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Lower pert of the Chinle formation 

The lower dart oC the Chinle formation consists of variegated 

bortanitic clays ;,ore Prd clayey saLdstone and thin widesdread sandstone 

and eongloserate layers. It ..xtends throughout sauthermaost Nevada, 

northern Arizona, southeastern Utah, southwesternmost Colorado, and 

northwestern hew Mexico (fig. 31). Probably each of the Doakus group 

of eastern Now .4xico, tier *nhandle of Oklahoma, and western Texas 

correlates with this part of the Chinle formation. The lower part of 

the Chinle formation is aver 1000 feet thick along its southern margin 

and thins gradually to the northeast. It tUns and grades out into the 

upper part of the Chinle for; ation along a northwest line extending 

through northernmost New Alicia°, southwesternmost Colorado, and east-

central Utah. For the purposes of description, the lower part of the 

Chinle formation is corveniently divided into four etratigraphia units, 

(1) Shineruip and related mestere, (2) aonitor autte and related me4,-

bars, (3) Aose ileax meiber and related units, and (4) Ostrified Forest 

membe r. 

Shin iru and related members 

The Shinarusp meatier is the basal -0enoer of the ;:hinle for 

(fig. 29), exeept locally where it is underlain by mottled strata 

of the Chin's formation. The Aqua Zeros sandstone member and an 

unnamed sandstone member in nortr,-central iew ',mac° and the iartre 

member in nortreastorn Utah and northwestern Colorado are litholog-

teeny similar to end occupy the same stratigraphic position as the 

Shinaruep mesas?. These mestere, however, lie outside of the 
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depositional !Wes of the Shinarump member. 

The fihinarump member occurs in a region of about 140,000 

square miles in the southern part of the Oolorado ?lateau and westward 

into Nevada, Although it ie absent in several large areas end many 

small areas within this region (fig. 32). Figure 32 is an interpreta-

tion of the depositioral pattern: of the Shinaramp and related members 

based an the distribution of the membe-s along outcrops. way from 

outcrops the distribution, as sown on the figure, is hypothetical. 

The .:Ihinarump member is cm posed typically of yellowish-gray 

and pale yellomish-orange, fine- to ootrse-.ffained sandstone. Lenses 

of conglomeratic sandstone and conglomerate containing granules and 

pebbles predominantly of quarts, quartzite, and ahert are cosmos. 

Silicified and carbonised wood are also coamon in the member. The 

member is almost entirely cross-stratified. Tabular planar sate, 

generally 0.5 to 2 feet thick, are the most common type of cross-

strata; trourh sets of about the same thickness also occur, end In 

some areas is the dominant type of cross-strata. The Shinartxap 

ber is a resistant unit (fig. 33) that forms vertical cliffs and in 

some areas underlies oroad benches. 

The sandstone of the Shinarump samber is composed of eubround 

to su'oengular grains of quarts, a small amount of potassium feldspar 

(generally 5 percent or less), and an even smaller amount of altered 

volcanic :.material (Gadigan, 1959a, p. 543-544). These grains are 

set in a w.trix of xaolinitic ,:tud which averages about 14 percent 

of the rook (Godigan, 1959., p. 543-544). The sandstone is generally 
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Figure 33.--Shinarumd and 4onitor Butts members of the Chinle formation 
on !Onitor tutta in northern part of monument Valley area, 
Utah. A channel is out into the fihinarump member and 
filled with strata of the Boni for Jutte member. The 
sediment—filled charnel may be a "cloy plug"--an abandoned 
channel or slough deposit. (Tr®, Moenkopi formation; 
Tros, Shinerump member of the Chia* formation; Trob, 
Aonitor iutte member 3f the Chinle formation) 



 

very weakly cemented by isolated patches of carbonate minerals 

(dominantly calcite) end iron oxide oement. The rock can be classified 

in most areas as a kaolinitic quartz sandstone or as a quartz sandstone, 

although saes of the rooks are feldspathic sandstone or kaolinitic 

feldspathic sandstone. 

(marts, quartzite, and *heft are the dominant types of granules, 

oebbles, end cobbles occurring in the Ehinarump memDer (Thorderson and
' aommtia af ;0 ) 1 

Albse,4114mose1ion). The average mount of quarts varies from 

8 percent in the St. Johns area to 83 percent in the ohlte ny~a lx 

Adge area; the average amount of quartzite varies from 15 percent in 

the White Canyon-'ilk idge area to 49 percent in the KJanab area; and 

the avers ,,e &mount of chart varies from 2 percent in the Mite Canyon-

idge area to L49 percent in the southern Defiance Uplift area 
11-. W r ite dcne1tntin , c a_1- /c 

(Thordarson and,Albee, 1mMpOOMMINUMO. The percentage of quartz4A 

pebbles is unusually high (83 percent) in the ohite tunyon.Elk Ridge 

area; elseehere it is generally near or less than 50 percent. 

The mean and maximum Aims of granules, pebbles, and cobbles 

decreases gradually northward in the Asigler (iherdarson and abet), Am 
IN#';ifen e-oinnUii .?_t- /0 N 

11/1/111/1001*. The man sizes of el in the bt. Johns, AolOrook,
A 

and soutoern Defiance uplift areas in east-centrul Ariz,ms is 21 nn 

and the seaman sissies range up to 2814 se:. In the Circle Milts area, 

200 miles to the north, the meen size is 15 ad, and the maximum sizes 

range up to only 63 M416 ;:he Shinaramp member in the Ahita 4nyon-,lic 

Adze area is unusual, however; hers the mean sires of ?nobles decrease 

from 25 us in the eastern part of the area to 12 nn in the western 
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part of the area.. 

Jsny of the chart pebbles in the Shinaruap maser oontain 

fossils, clearly indicatini; that they were derived free older sedi-

mentary rocks, which were ?robably cherty limestone. The fossils 

include fusalinids, brachiopods, bryowla, and, to a lesser extent, 

gastropods, polecypods, corals, algae, arinoidia tsrial, extnges, 
oir.;ffen 

ostracods, and echinold spines (Thordarson and lbec, 4"MiMpommiliMMO.
4 A 

As will be discuss ed in more detail later, Dost of these fossils 

indicate souree rocks of ?oration age. 

A few pebbles of volcanic material occur in the Shtnarump 

member in the Amer= aria and in a passi)le correlative of the 

Shinsrump member in the Cedar area, about 25 miles north of 

Flagstaff, Arizona. The largest volcanic pebble noted is in the Ceder 

harsh area and is 205 a. inches) in maximum diameter. -ost of the 

volcanic pebbles, however, are 1 or 2 inches in maximum diameter. The 

volcanic pebbles consist of phenocrysts of quartz, orthoclase, seri-

dins, and rarely biotite set in an aphanitia groandmass (Sohults, in 

press). The groundmass contains many eilics of glass shards and tuff 

particles, indicatinc, t1'Tt many or the pebbles mere probably origin-

ally v! trim and crystal tuffs. ,)ther pebbles are probably vitrophyres. 

The abundance of ortnoclase or sanidine and varts suggests thet theme 

peoblos are of rhyolitic coca o3ition (Schultz, in press). 

*salts of studies of the direction of dip of crose.istrata 

(Poole and Williams, 1956, fig. 50) /Wiest* generally north to 

northwest current or stream direction during deposition of the 



62 

Shinarunp member. The :41inarLup member in the hhite ..:anyon-tak id e 

area, however, is significantly different from the rest of the aember 

in that the stream directions are west to southwest or. Li. f400lia„ 

written communication; Johnson end Thordarson„ 1959). 

The .ihinarunp ammber averages about 30 feet in thicamoss, 

althoagh in some areas it is about 50 feet thick alan.4 zany miles of 

outcro7. The member is thickest, where it rills channels; it is 

cow:only 100 or -41e feet thick in channels. 

The lower contact of the Shinsrump sismUer is a surface of 

erosion. In some areas, the contact is marked by oonspicaous channels 

cut into the uoenkopi formation and filled with the sediments of the 

Lhinerump member. These channels are mostly a few hundred fact wide 

and 50 to 100 feet deep. ":omet are as wide as 2,30C feet, and otnet's 

are es deep as 150 feet (witicind, 1956). Conspicuous channels are 

avail-lad to two elongate belts, one extendin,; from the Defiance 

Uplift in northeastern ;rtstoanat through the ►onanent Valley area in 

Arizona and Jtar, and ending in the arcle Aiffs and vspitol :.eef 

area in south-eentral Oten, and the other one extending from the 

‘.:ameron area to the Lees rerry area in north .central Arisons. The 

lower ooritsct is also marked by broad males *Lich range in width from 

1 to 3 miles and nave a relief of 'spout 40 feet in the .onument 

area, Arisen* (Witkind, 1956). A polo at Loss Ferry in north-central 

Arisons is et least 11 mile, tide and is about 175 feet deep. in areas 

where channels and males are not present, the lower contact of the men. 

bar is essentially flat and warted orly by a few scours a foot or two 

deep. 
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The Shinarump weber, in most areas, grades upward into and 

intortongues with claystone, siltstone, or clayey sandstone of overlying 

units. The upper contact is generally placed pt the top of the highest 

cross-stratified sandstone. 

The Aqua Zaroa sandstone member ani an unnamed sandstone member 

occur et the base of the Chinle formation in the Nacimiento :aiountains, 

San Pedro mountain, and Chaos River areas in north-central New mexico 

(fig. 32). The members are lithologically similar to one another and 

to the Shinsromp member. The unnamed sandstone member occurs in the 

Amin/onto Mountains area; it may grade laterally into tho Aqua "area 

sandstone 7Jember or possibly partly into the :`oleo sandstone lentil, 

or both. The Aqua 'Lorca sandstone member occurs in the northern part 

of the Naoiniento Juntains area and in the an oedro Aiountain and 

Chama Aver areas. The strea4 directions in the Aqua Zarci, sandstone 

member are dominantly south to southwest (F. G. Poole, written oommuni-

cation), whereas thoso of the unnamed sandstone member are dominantly 

north to northwest. Maximum gravel sizes in the conglomerate of the 

Aqua Zarca sandstone member decrease toward the southwest Cron a 

elutimuis of 330 mm near the Chasm .iver to about 50 mm farther south. 

The Gartra member, although not assigned to the lower part of 

the %;hinle flrmation, is lithologioally similar to the ti=liinarua p 

member. This member osours in northeastern itah and northwestern 

Colorado (fig. 32). Stream directions in the ienber are domtnantly 

toward the northwest and west. 



 

64 

Lonitor ihatte and related asabers 

Above the Shinarump member, or related members, °mar units, 

which are t enerelly 50 to 200 feet think, of slope-forming claystone 

end clayey sandstone interstratified with thin lenses of lodge-fn 

sandstone. These units ere designated by different member names in 

different areas, end the nears reflect to same extent lithologic dif-

foreroes in the members. '111, .monitor Altte member is recognized in 

southeastern J teh and the monument Valley area, Arizona; the lamer red 

member in the Apflence Uplift area in northeastern Arisons and in the 

Zuni uplift in west-central hew Mexico; the Mess *dondo member in the 

St. Johne.Hunt area in east-central *risme; the sandstone and silty► 

stone mei=ber in the Cameron, '.oho Cliffs, and Lees Terry areas in 

nort -central Arizona; and the Salitrel shale tongue in north-central 

New Mexico. ::one of these members are the approximate lateral continu. 

*Won of some of the other members. All of the members have approxi-

mately the same straticrephic position (fig. 29). 

The .2,onitor Butte member occurs thromgheut most of southeastern 

Utah and in the .onument Volley area, Arizona. Shen viewed from • 

diets ce, the membqr appears as a slope.foraing, greenish-grey unit 

at the base of the Chiare formation, or above the Shinerump member, if 

it is presort and below the variegated beds of the 'etrified Forest 

"amber or the cliff-forming, sands tares of the Mess deck maeoer (fig. 34), 

whichever is present. The somelor in many places can be considered a 

transitiorel elquelICO between the sandstone of the underlying Shinarump 

amber and the claystone end clayey sandstone of the overlying ?etrified 
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Figure 34...Aonitor Butte and 'Jose hack members of k;hinie formation 
$t Suchacre Point along Dirty Devil River, Utah. (Trms 
...losalkopi formation; Trob, Wonitor Zutte member of Chinle 
formation; Tram, Moss liack member of hinle formation; 
Trc, remainder of Chinle formation; Try, Aingate sandstone; 
Jk, gayenta formation) 
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Forest member, as it contains oeds similar to the Shinarump member and 

others similar to the .'etrified ?omit member. 

The ,oritor .4utte mezber consists dominantly of greenish-grey 

cloystone or clayey sandstone that weathers to form e "frothy"" appear. 

ing slope. The clay in these rocks is mixed layer illite-

•ont'uorillonite in which either (1) the Mite layers are slightly 

more abundant thar, or equally abundant to, the montmorillonite layers 

ar (2) the montmorillonite layers are dominant (Schultz, in press). 

Exce,)t for the tendency for the clays to contain more illite in the 

mimed layer illite-montmorillonito clay, these claystone and clayey 

sandstone units are very similar to the dominant type of rock in the 

eetrified Yorest member, which are illitic-montmorillonitic alsystone 

and montmorillonitic volcanic or subvolcanic sandstone. The colaposition 

of this type of rocks will be discussed in mare detail =der the section 

on the illtrified forest somber. The claystone in the jonitor matte 

member is structureless; the clayey sandstone is omerally cross-

stratified in shallow trough sets. Carbonised wood is one of the 

distinctive characteristics of th" me%ber,std identifiable plant 

ris':oins, including cycadophytes, conifers, and ferns, occur at 

several localities (Roland 4rown„ written communication). 

Interstratified with the cleystone and clayey sandstone are 

sandstone lenses. Most of these lenses arc 1 to 10 feet thick and 

extend a few hundred to several thousand feet along the outcro). rhe 

lensev commonly form about 5 to 20 percent of the member, but locally 

they are absent. The sandstonet is very fine-gratned and composed of 
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quarts mut minor ano ants of ?otassium feldspar and volcanic miterial 

set in sparse matrix of illitic, kaolin/tic, or wont morillonitic clay 

(adigen, 1959., p. 545). the rocks are well assented with carbon-

ate and iron oxide cement ('wadi tan, 1959e, p. 545). he are :costly 

fildsiAttic ssrdstone, quarts sandstone, or calcareous feldspathic 

sandstone. 4:he stratification is distinctive; most of the sandstone 

lenses are composed of rib-and-furrow structures. A few layers are 

cross-stratified. Contorted strata is ale chuisacteristic or these 

layers (fig. 27 and 28). these contortions say be intricate fal4s or 

irregular blocks of senisteone lying at almost any conceivable strike 

and dip (see section run contorted strata for detailed description;. 

A few of the mandatory lenses are conglomeratic, with pebbles of 

limestone, siltstone, and minor amounts of weathered chart pebbles. 

The sandstone forms lodges, which gives the member a listinctive 

ledgy apixesrance (fig. 33 and 34). 

The 4onitor Jutte member ranges in thickness of 0 to 250 feet. 

The contact of the wanitor Liutto member and the underlying 

Shinarwmp meiber is transitional in most places. Locally tie contact 

is erosional end creenieh-grey silty alaystor*, siltstones anal clajey 

sandstone of the .t.onitor butte somber fill channels cut into the under-

lying :,hinarump essoar. These channels are commonly several hundred 

feet across and 30 to h0 feet deep. They have been noted by the writer 

in the northern Monument Valley area and in the 0.rcle Attire area. 

Theme onArrials tilled with silty and clayey stmts. as will be discussed 

later, axe interpreted to oe abardoned ohannol or sough deposits ("clay 

plugs"). 



The contact of the Monitor Jutte member and the overlying 

?etrified sorest member is gradational, and in places the -;onitor 

Butte member is difficult or impossible to *eparetn from the ?etrified 

Forest member. In places where the ,,ose Hack inexl:vr overlies the 

lonitor Sutto member, the upper contact of the 4onitor Autte member 

is a surfs°, of erosion. 

the lower red member extends throughout the Defiance Uplift 

in northeastern Arisona and into the Zuni Uplift in west...contra New 

Mexico. It is lithologically stellar to the 4onitor Hutte member 

although it is redder, and is, at least in part, a lateral continua.. 

tion of the monitor Hutto member. It is essentially a transitional 

sequence between the Ainarump and ?etrified Forest members. The 

lower red lember ranges in thickness from 0 to 300 feet. 

The Mesa itedondo member occurs in the :it. John:;--;'ant area in 

east-oentral Arizona. It is in part a lateral continuation of the 

lower red member, although the two units appear lithologicelly dis-

tinct. The Nese ,ledondo member is composed of greyish-red and grayish 

rest-pIrple, structurelese, heckly weathering siltstone and silty clay-

stone and interetratified lenses of grayish.red, medium. to ooarse-

tTained, oross-etratificd ledge.forming silty and clayey sandstone. 

member 410119 rot cr)ntain the greenish-grey and red, °frothy° 

weathering, olsystore and clayey sandstone that typify the other 

units overlying the Shinarusk, mee)er. The member ranges in thickness 

from 0 to 160 feet. 

The sandstone and siltstono member occurs in the :Ammon, ;.oho 
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Cliffs, and Lees Ferri areas in north-central Arisona. This member has 

not oesn recognized by -z4st other geologists and was previously included 

es t part of the 3hinaramp conglomerate by wank and Stephen (1953) and 

of the Shinarump member by Akers and others (l958). As recognized in 

this report, the sandstone and eiltetone member overlies the Shinarump 

masher and grades Ixterally on outcrops both to the northwest and 

southeast into the zified i.orest namosr. The member consists of 

aesplesly interfingering units of *auditor* and siltatora. The sand-

stone is yolllwish gray, grayish red, pale red purple, light greenish-

gray, fine to coarse Krsined, cross-stratified, and locally conglomeratic. 

The granuloo, pebbles, and wobles a" dominantly quartette; others are 

quartz and chert. A few pebbles of volcanic rock are present on most 

outcrop,. ;he siltetons is greyish red, grayish purple, and light 

greenish gray and is strActureless. The eiltstone units weather to 

fors slopes and the sandstone units to form ledges. In the Dees 

Ferry areas silty and olayey strata of the member fill channels cut 

into the underlying Shinarump member and are thought to be "cloy 

plugs." The member ranges in thickness froa 0 to 280 feet, 

The Salitral shale tongue occurs as a elope-forming unit 

between the let;e.forming 4qui Zarce sardstone member below and the 

ledge-forming oleo sandstone lentil above. It is lithologioally 

similar to the ?etrifisd ;,orest member. 

moss Back member and related units 

The Ames dack member is a thin widespread ledge-forming send-

stone and conglomerate unit occurring in southeastern Utah and possibly 
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in a pert of westernmost C.olorado. The lower meabor of the iJolores 

formation in the an Juan .;ountnins re4ion ani the .=also sandstone 

lentil in north-central 'vew :exico are litholo6tcally similar to the 

sea Ack member and ma,y !41 leterel continuations of t t, =ether, 

although exact correlations cannot be 

The oss lack member overlies the Monitor ;butte member along 

its southern margin. it overlaps the V.onitor Jutte Iter toward the 

northeast and is at the base of the formation along its northeast 

margin (fig. 29). The lower member is at the base of the .1)olores 

fomztion. The ?oleo sandstone lentil overlies the Salitral shrle 

tongue in most planes, although locally it rests directly on the 

Aqua; :,arca sandstone member. 

The Moss sack member forms a northwest-trending lens about 

50 miles wide and 155 miles long (fie. 35), extending from the Elk 

Adge and Abajo uountains areas, Utah, on the southeast to central 

Utah on the northwest. It covers about 10,000 square miles. A sand• 

stone unit at the base of the Chinle formation in the :.soon Valley 

area, Utah, and in the Slick hock area, .;olorado, aro probably 

equivalent, at least in part, to the .toss Sack member. 

The Mess sack member is composed typically of yellowish-gray 

and very pale-orange, very fine- to coarse-grained sends tore. Con-

glomerate and conglomeratic sandstone lenses are common. The pebbles 

in the conglomerate lenses generally occar in two suites--either 

(1) light-brown and gray siltstone and limestone or (2) quarts, 

quartette, and ohert. The Arater is almost entirely cross-stratified. 
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rebuilt! :4Am: sets :'roe 0.5 to 2 fent thick are the lost common type 

of cross-strata. The cross-strata commonly contorted in the upper 

part so tjhet the cross-strata look like rocutibent folds in crass 

section (fig. 25). Trou4h cross-streLp also accar. aroonlzed and 

silicified wood is common. The member ty2i04411y weathers to form a 

vertica cliff and locally underlies broad benches or mesas (fig. 34). 

The sandstona of the joss 'dusk .teraber is composed of subrounded 

to subangular grains of quartz, and minor amounts of potassiaa reldspar 

(omerelly about 4 percent) and volcanic material (generally about 

5 psroert) (;adion, 1959a, p. 547). amitonly 10 to 20 percent of the 

rock is clay, which occurs as interstitial wads. The dominant clay 

type is koolinite, although illite anl montmorillonite occur (Cadigen„ 

1959a, 1). 5471 Sahults, in press). The sandstone is weakly- cemented 

by carbonate minerals and iron oxide. fhe :aost common types of rooks 

are quarts sandstone, kaolinitic quartz sandstone, and kaolinitic 

feldspathic sandstone. 

rho average ratio of quartz, quartzite, and chart pebbles in 

the toss look me-ber is 12:40148,and the ratio is not greatly different 

from area to area (Thorderson and Al bee, in preparation). The maximum 

sizes of pebbles and cobbles ranos from 55 to 102 ma and decreases 

from the northeast to the southwest, an anoguaous situation if the 

stream directions were to the northwest as is suggested by the direction 

of dip of cross-strata. rossiliferous chert pebbles from the ,418 .4ck 

member contain fusulinids, brachiopods, bryozoa, algae, and. to a lesser 

extort, gastropods, sponge s?icules, ostratoods, mehimoid spines, corals, 
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and crinoidal material (Thordarson and Albeit, in pre, aratior.% float 

of the fossils, as will be discussed in more detail later, indicKte 

rooks of Permian age; some may indicate rooks of Pennsylvanian or 

kississiivisn age. 

*salts of studies of the direction of dip of cross--strata 

(Poole AIM itilliams, 1956, fig. 50) inlicats generally northwesterly 

stream directions during the do?osition of the Noss :lack member. 

The -oils 'Jack member mere es *pout 60 feet in thickness, but 

is as such as 150 foot thick where it fills channels. 

The lamer contact of the Doss back member is a surface of 

erosion, in most places, and scours as deep as 13 to 20 feet are 

common. The widest, deepest, and longest channel observed is in the 

ithite Uanyon area where a chonnel cut into the Monitor :butte member is 

a mile wide, 50 to 100 feet deep, and has been traced for 14 miles. 

The upper contact of the Moss beck member is eommonly pedational with 

the overlying unit. 

The lower member of the Dolores formation, a possible lateral 

continuation of the koss Back member, is present in the southern part 

of the Sem Juan lountains region (fig. 35). It is con osed of light 

gresnisl.grey or greerist-gray, very fine- to fine-greined sanistone 

and subordinate amounts of limestone pebble conglomerate. 3ome of the 

conglomerate contains a few groLules and Abblea of chart, feldspar, 

quarts, and ,possibly granite. Plato:, of carbonaceous material are 

001121071. 

The Polso sandstone lentil occurs in the northern part of the 
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baciniento uountains area, and in the ,4111 Pedro Mountain and Ghats 

River area, in north-oentral Nem ;,:exico (fig. 35). It is litho-

logically similar to the ..oss l3aok member. The pebbles in the ?oleo 

sandstone lentil are dminantly chart and quarts; quartzite is rare 

(Thoriarson and Albs*, in preparation% The noxiela pebble and cobble 

sites at various localities range fro. 21 to 168 mm, but do not show 

a systematic inorease or decrease from locality to locality (Thordar-

son and Albeit, in preparation). Stream directions in the lentil are 

mostly north to northwest (F. ?ode, written coammnication). fl 

Polio ranges in thickness from 0 to about 160 feet. 

t'etrified honest member 

The Vitrified Forest ageber is the thickset and most widespread 

i.:,er in the lower part of the Chinle fomation (fig. 29). :t is 

present throughout the southern part of the Colorado kl.ateau. Toward 

the west, it extends at least as far as the Spring fountains in 

dada. an the eouth, it is present in the -ost southerly outcrops of 

the Chin's formation. *doh of the DOCK.=group in eastern New Aexico 

and adjoining perts of Texas and Adahome is litholotAcelly similar to 

the Petrified Forest amber and is probably a lateral continuation, in 

part, of the Petrified Forest meaner. The nessber thins and erg ies out 

into other members of the Chinle formation toward the northeast, and 

rtes Nee a poorly defined northeastern limit in cutheastern Utah, 

southwesternmost Golorado, snl northernmost Nee .sugloo. 

the !etrified Forest memler is composed of three interfingsring 

litholotic types: (1) structureless nonresistant claystone or oleysy 
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siltstons, (2) cross-stratified nonresistant clayey sandstone, End 

(3) cross-stratified ledge-forming savistone„ or Ilcally conglomer-

atic sandstone. llase rooks contain as great a variety of colJrs as 

can be expected in any sedimentary formation. Red end green rocks 

predominate, but the member contains, in addition, rocks with shades 

of purple, blue, orange, ye113w, and gray. The variety of oolor is 

shown on figure 36 which is a histogram of the percentages of various 

hues (based on the Aunsel color soheme) occurring in a measured section 

of the iIttrified Forest member at Rockville, near Zion Wttional Park, 

in southwestern Utah. 

Of the three litholooic types present in the formation, the 

first two, nonresistant claystone or clayey siltstone and arose-

stratified nonresistant clayey sandstone, constitute the largest part 

of the formction. These two lithologic types occur in about equal 

proportions. jnits or claystone of clayey siltstone, which range in 

thickness from less than a toot to over several hundred feet, occur 

interstratified with unite of clayey sandstone which have a oomparable 

range in thickness. These nonresistant units typically fora brightly 

colored oadlandscalled "painted deserts." The ledge.forming sandstone 

or conglomeratic sandstone units, the third lithologic type, consti-

tute a smell part of the .'etrified Forest member. where most abundant, 

they prohably amount to only 20 percent of the member, AnA in most areas 

area less than 5 percent of the member. Over large parts of the Colorado 

Plateau, they are entirely absent. The most conspicuous gad widespread 

of these ledge-foraina unite is the ?one 1e sandstone bed which occurs 
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GROUPS IN PETRiFiED FOREST MEMBER OF CHINLE FORMATION 

AT RockviL 4E SEcT/ON LA/ AS //lAIGTOAI COUNTY  UTAH , 
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in a large part of northeastern Arizona and northwestern New ,4rico. 

edge.-forcing sandstone and conglomeratic sandstone units Are most 

numerous near the southernmost outcrops of the formation in east• 

central L-isona end west-central New ;4texico (Cooley, 1959), particularly 

in the ')Istrified ?corset Natioral konument in east-central Arizona. 

The claystone and clayey siltstone units in the Petrified 

Forest member are structureless or indistinctly bedded in layers from 

leas Char a foot to over 10 feet thick (fig. 37). Irregular limestone 

nodules (chiefly microcrystelline calcite), generally one or two /nobs* 

in dieweter, are common in these units end occur along indivilual 

horizons or scattered irregularly throughout horizontal layers which 

ranee in thickness from lees than s toot to several feet. The dominant 

clay in thy► claystone and clayey siltstone is mixed layer Mite-

montnorillorite in which mantmorillonite layers are dominant. These 

clays expand readily on contact with water, and as a consequence the 

rocks containing this weather witri a "frothy" or "popcorn" surface 

(fig. 36). Schulte (in press) reports that "the tine-grained clay_ 

stones omoonly range from a jackstraw mass of clay flakes with tiny, 

scattered quarts, feldspar, and carbonate grains to fairly wen-bedded 

varieties with parallel arrancezent of clay flakes and tnterstratifi-

cation of more or less silty bands." Some of the claystone contains 

fragments with relics of elongate vesicular cavities (Allen, 1930). 

These fregmerts are probably relics of ponies. The largest of these 

fragments o43erved by Allen has the dimension in thin section of 

0.6 by 0.9 as. Allen also recovnised soda sanidine, quartA, biotite, 
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Figure 37.--dorizonttlly stratified bentonitic claystone in ?etrified 
Forest eseher of ..hinle formation neer abandoned town 
of Paris, Utah. andstons in background is part of 
Olen canyon group. 
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Figure 38.--N;rothe or "popcorn' weathering suurfaee developed on 
bentonitic olaystome in Petrified Forest member of Chinle 
formation near Joseph Ati, Arisona. ;box in pit is 
unweathered. 
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agnetits, apatite, and sire= in these rocks. Ths apatite and 

zircon grains are commonly euhedral (Allen, 19,)). Schults (in press) 

repo.-tod the presence of both low audio ard high acidic varieties of 

sari:line in the lower part of the Chivas Oormation. waters and 

Granger (1953, p. 6) noted fragments of altered volcanic glbss End 

bits of microlite-filled lava in every section of these rooks cut in 

oil and more sparinely in the sections cut in water. They observed 

relics of altered glass shards, pumice, por?hyritia lava, spherulitie 

obsidian..., and welded tuff. In order to further test for the presetse 

of volcanic debris in the clayetone units, the author examined several 

thin sections of limestone mdulas occurrth; in these olaystone units. 

The calcite in these nodIles apparently has replaeed the original rock, 

and has lynestrvel relics of the original volcanic texture. The 

probable volcanic meterisl„ replaced by calcito, consists of sub-

angllsr to round, mostly subround, grains ranging in aims from a 

fraction of e millimeter to commonly as large as 3 mi.% and rarely as 

large as 5 mm. Many or the grains contain no recognisable internal 

structlres. Aher grains, however, contain spherulitic structures 

which arty probably similar to the spherulitic structures in the devitri-

tying glassy grounds's* of a welded tuff illustrated by Enlaces (1955, 

pl. 5, figs. 3 aril 4). Still other grains contain minute *11mAtie 

vesicles, and ,litritips elliptical vesicles, and could hove been origin-

ally ;flimios fraEments. to some of the nodules, these possible volcanic 

-rains constitute a llege pert at the rook and are set in s structure-

less nrtriX. 
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Tr cleystons in the Oetrified r-orest member is, W.th little 

doubt, derived from the devitrification of volcanic glass, and thus 

can properly 40 called bentonite. Thq volcanic origin of the detrital 

material in the molt is supported by the abundant remnants of volcanic 

debris, by the vesence of a:Aiding, and other minerals thi.:t commonly 

occur in volcanic rocks, and by the presence of montmorillonite clay 

which characteristically for:s from the devitrification of volcanic 

debris Ouse and Hendricks, 1945; 1153). The presently avail-

able evidence sapports the view that tne ollgital rock wits mainly 

water-laid and composed dominantly of subround gralr.s or pumIce and 

other glassy volcanic rock net in t matrix of finer gr4ned ;Jassy 

material, probably mostly glass shards. The cooks in which pumice 

fragments cannot be recognised mai have original* consisted allost 

entirely of silt-sised particles of volcanic ;;lass, and c=tained 

little, it any4 of the larger punt*. fragments. 

The second litholo lc tipe in the :etritlea Forest member is 

nonresistant clayey sandstone. The katvey samistone is characteristi-

cally crose-stretified; the cross-strata ocur in shallow trough sets 

and dip ienerally about 5 to 10 degrees, much less of a dip then In 

tint croas-strata in scat of the 6hinarump and ;moss 460K members and 

the f,oneeli sanistobe bed. The clayey sandstlno is generally fine to 

medium grained and composed of grains of q4arts, volcanic roc, tind to 

a lovAr extent dotassius feldspar and plagioclase, set in a mont-

morillonitio clay matrix (':adUan, 1957b, 1957s, p. 54a449, 19041 

Schults, in prose). The clay matrix comwonly constitutes more than 
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20 percent of the rock. The composition of these rocks is comtionly 

rather var:ed, but most of than are montlwrillonitic volcanic or sub.-

volcanic sandstones. The volcanic materi-1 i3 the moat listinctive 

feature of Owee rocks; most commonly the volcanic Aaterial is a 

"Telsitic igneous rock which contains lath-shaped perfectly euhsdral 

sodic feldspar [plagioclas17 phenocrysta in a nearly isotropic ground-

mass* Oadigan, 1959b, p. 58). Jther L rens of less definite volcanic 

origin inclJde alterea rocks with spberulitic structures, which may 

be relics o: 3pheruntic obsidian or of devitrifyint welded tufts; 

altered roc As with elongate vesiolos, tiab may be relics of pumice; 

almost isotropic microcrystalline aggregetes of clay minerals; and 

opaque grains that prooably coz.tain a high content of iron oxide. 

The montmorillonite clay in the rock probably was originally volcanic 

glass fragments that later devitrified to alai. ~mod and green micro-

crystalline chart grains com4only constitute 1 or 2 peroont of the 

sandstone; tney are a conspicuous feature of the rock in hand specimen. 

These chart grains occur in strata in the C:hinle forattion -.hat cortatn 

abundant vol:a%ic material; they are rare or c)sent in rocks containing 

only a small a,ount of volcanic debris. Mese grains probably were 

derived originally from irregular eiliciried manes, chart masses 

(perhaps siliceous sinter), chart voins in a siliceous volcanic 

rock terrain. In addition to the aaterial of certain or probable 

volcanic origin, the senistone of the Astrified wrest member comitonly 

contains 1 or 2 percent of aicrocline grains imdlaating a probable 

granitic sours* mck, a few percent of quartsite grains indicating a 



prohPhle steta:vn)hic source rooks and a few quirts grains trith second-

ary overlrowths of quarts indicating a !sedimentary source rock. 

The third lit-,ologic tope in the letrified Forest cl,L is 

crose-9tratifted ledge-forming sandstone *rd conslomeratcl, jf this 

litbotwje t:pes the Sonsela sandstone bed is the most corapics 

unit. 

The .,,7msrptia nerAstInn hed oxtends thr.luvyrit 24,mo square 

nib's o!' nortistorr Ani! r.rthwestern New koxico. Tt, li,s 

in most ore As !bJut 3(X) 7eot Above the base of the ',4trified Forest 

member. The r,onsele sranristone ,red is cooed of whitis very pale-

orehget or yellowish-ereys fire- to norrraineds moms-strstified 

sindet4ro rnd clnzlomerate. moth tAbAlar llarir iroi trough sets of 

cross-strata occur. Conglomw-ete layers be:our at any polition in the 

Sonya., ''outs. .e most abamiLnt noRr the hese. The cone/ow:rem layers 

aro composed of granuloss pebbles, and cobbles of ahert small 

amount* of quartos quartsite, limestone, and siltstone. The maxima 

sisals of the pebbles and cobbles ranee from 33 mm to 152 nim, and 

&creel., 7rsdnally tows rd the north (Thordarson and Albs's. in prepara-

tion), ?iehhlen of volcanic rocir, ?rohably mostly'WV,end crystal 

turfs anA vitrlphyren (Sr.:Mita, in pro's), fire! lnwaky ?resents hat 

.;:enev.e1V constitute less than L 7ercent of the pebbles (Thlrdarson 

and AP**, in prepArationl. The presence of plagioclase (oligoclasa) 

err) quart* in theme voloPnic pebble% succeste thrt th* 'obblee are of 

an intermediate composition, nerhaps quarts lottte or dealt* (Schultz, 

ir omen). This ctom)osition of volcanin root( oontrosti with the 
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rhyolitic composition of those from the Shinarump meaber. The Sonsela 

sandstone bed ooamonly contains oentonitic siltatone and claystane 

1aynr3, ranging in thickness from less than a foot to aver 20 feet, 

interetretified with the snrdntone knd conglomerate. Tice Sonsele is 

generelly 30 to 40 feet thick, although locally it is over 100 feet 

thick. Stream li-ections, based on the direction of lip of cross-

strata, are north to northeast (Y. J. aole, written eomnunication). 

asewhere other ledge-forming; sandstone units, similar to the 

Sonsela sanIstme toed, occur in the )etrified i'orest member (Cooley, 

1959). These sanistore units are most numerous in the eetrified 

Forest ationel gonument in east-central Arisona. In one oC these 

sandstorm units neer the boundary of the ?etrified ,orest National 

Monument, 66 percent of the gravel fragments al.e volcanic (Thordarson 

and Albee, it preparation‘. The larg'st one was 132 ma in maximum 

diameter. 

The ? trified Forest aft-J.)0r ranges in thickness from 0 to 1400 

feet. It is over 1000 feet thick in most of east-central Arizona and 

west-oentral New Mexico Eli thins to the north anl nartheast. 

The Petrified Forest member is the most fossiliferoas of the 

members of the Mini' formation. Extensive amphibian (.Tolbert and 

Labae, 1956), reptile (Colbert, 1952; Camp, 1930; Colbert, 1947; 

Colbert and Gregory, 1957; Colbert, 1950; camp end Welles, 1957), 

and plant (Daugherty, 19I1) remains occur in the member. 



 

Upper part of the r;hinle formation 

The upper part of the formAtion cJnsists of reddish.► 

brown coarse siltstone and minor mmaunts of limestone, sandstone, and 

limestone pebble conglomerate. It extents throughout northeastern 

Arizona, southeastern Jtah, western Colorado, and parts of northwestern 

New iexico (fig. 39). It is over 1000 feet thick in a pert of west. 

central Colorado and in southwesternmost Colorado, and thins sway from 

these areas where it is thick. The upper part of the Chinle formation 

is divided into two parts which are, in ascendin4 order, (1) the 001 

took member and (2) the church ;took memo- and related units. 

Owl mock member 

The Owl Mock member, distinguished by alternating siltetone 

and limestone units, occurs in an elliptical area embracing most of 

northeastern Arizona and southeastern Jtah, and small adjacent parts 

of New wexico and Colorado. It intertoni;ues and intergredes extensively 

with overlyin and underlying members of the ;;hinle formation, sod in 

many areas its margin is marked by lateral gradation of the member 

into other units of the Chinle formation (fig. 29). 

The Owl nook member typically is composed of pale-red and 

pals :dish-brown merge siltstone interstratified with pale-red and 

light greenish-gray limestone beds that form about 5 to 10 percent of 

the member (fig. 40). The *Me...me is indistinctly podded in layers 

ranging in thickness from less than a foot to over 10 feet. It appears 

lithologically similar to the siltstons in the Church mock memoer 'which 

is illitic arkosic or feldspathic siltstons or in some regions 
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Figure 40..-Owl busk somber of ;hinle formation in southern part of 
Ned Rook Valley in northeastern .'rizona. mssistant hods 
are limestone or limy siltstone. :'elope-forcing units 
are reddish-brown horizontally stratified siltstone and 
pgindy siltetone. 
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ills tic-e~on~t~a► rilloni do arkosic siltstone (data from Cadigan, 19594, 

p. 551; Schultz, in press). 

The limestone in the Owl Rook member occurs as horisontal 

beds which average a foot in thickness. In 90110 places, the limestone 

beds appear to have formed by the growth and coalescence of limestone 

nodules; all gradations can le seen from layers containing r few 

'mattered limestone nodules to layers containin;; a tight coalescing 

mass of nodules. Some, of the limestone beds, particularly tnose in 

the loser part of the memoer, contain highly irregular masses of 

reddish orange or gray chart. Pease masses are generally less than 

2 inches morose. Some of the chart occurs as irregAlar stringers in 

the rock. The oomposition and texture of the limestone beds is highly 

varied. Limestone beds at the bass of the member are in part probably 

calcite and dolomite Niplocement of water laid glassy volcanic sand-

stone. one such rack studied by the author from the aho aiffs area 

in north.oentral Arizona consists of subrounded to rounded grains, 

mostly ranging in diamete:- from 0.5 to 1.0 mm, set in a finer grained 

matrix. Amy of the grains contain relics of eahedrel lath-shaped 

crystals that very probably are replaoed plagioclase. These grains 

containing the lath-shaped crystal relics spear to oe replaeed 

porphyritic volcanic rocks. Other grains have indistinct outlines of 

el,)ngate or elliptical vesicles, and these pains say oe relics of 

pumice: A few relics of possible, but -ether douotful, glass shards 

more noted. This same rock contains irregular messes of reddish orange 

chart ranging in sire from microseopic aessee to masses about 2 inches 
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in diameter. The chort is microscopic or cryptocrystallinased much 

of it is composed of soheralitic aggreotes 0.1 ma in diatioter. The 

chert in the room, as well as the oslaite and dolomite, hes redlaced 

the origl nil elastic rook composed dominantly or entirely of volcanic 

material. adigan (1959b, p. 55) has noted similar carbonate-silica 

replacements of volcanic sandstone beds in the Rock member near 

Fort 'Angst. in wiest.centavl New mexico. The limestone beds higher in 

the member, on the other hand, are mostly zalcsrooms arkosic or fold. 

epethie siltetone in which the caroonato cement mineral, probably both 

calcite and dolomite, constitutes either a large part of the rock or 

occurs only in irregular patches. any of these rocs, which appear 

to he lisp stone in the field, are actually limy silts tone. 

The :),e1 hook sember also locally oontains beds of horizontally 

lamitatod end ripple-laminated siltstone and sandstone, crass-stratified 

sandstone, and limestone and siltstone pebble conglomerate. The member 

is a moderately resistant unit that weathers to form escarpments. rhe 

limestone units weather to form ledges. 

The )el Rock member ranges in tnickness from 0 ta 450 feet, 

bat in most areas is 250 to 350 feet thiek. 

The o)ntamts of tae 41 Rock member are arbitrary and poorly 

defined in most areas. The lower contact marks the change from ben-

tonitic clan:stone and clayey sandstone of the -'etrified Forest member 

below to the largely nonbontoritic reddish-brown siltstone of the Jel 

Rock member above. Limestone beds in the took member also mark 

this same aims.. Bentonitic layers ar-cl montmorillonitic cloys, 
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however, do ocour in the 3'1 Rock member, particularly in the southern 

pert of the ,..olorado taateau. In areas where bertonitic beds occur in 

the Owl ROOK member, the contact between the lotrified Forest and <W1 

F.ock members is gradational and say locally be gradational over 100 to 

200 feet. The upper contact, in most places, is pieced at the top of 

the highest limestonc bed. 

The awl ham( member commonly contains pelocypod and gastropod 

remains. The pelecypods are most coinonly atilts a fresh 'afar tors, 

and the gastropods belong to several different genera, including the 

genus Triasamnicola named for forms occurring in the Chinle formation 

(Ten and 'ivsesile, 1946). 

Church Rook member and related units 

The Church ,bcit memoer and related twits are widely distributed 

on the Colorado elateau (fig. 29). The Chui^ch ;look member itself 

extends throughout the eastern part of northeastern Arisen*, into 

adjoinin7, parts of northwestern New .zexiool throughout the *astern 

part of southeastern Litah, most of the west-central and northwestern 

,;oloredo, and the easternmost ?art of northeastern Utah. In addition, 

the middle and upper members of the Dolores formation in the San Juan 

dioantaite region in southwestern t.olorado are lateral continuations of 

the Charon dock Alembic. A siltatone member of the Chinle formation in 

the Chem., Alver area in north-oentrel :4ew Aexico is lithologically 

similar, although not identical, to the 4varoh Nock member. 

About 60 to 70 porceEt of the ....hurch Aock mmehei. is composed 

of pale-reddish-broer and light-brown horizontally stratified coarse 
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siltstone and very fine-grained sandy siltstane (fig. 41). These 

rocks are distinctly bedded in layers from less than a foot to about 

4 feet thick. *hen vir,wed closely these roots mostly appear structure-

less, but when viewed from a distance the stratification cane seen 

easily. These rocks (based on data from z.adigan, 1959a, p. 551; 

Cedigan, 1957a) are classiried, in the northern Art of the Colorado 

notes% as illitic follspatnic or arkosic siltatone or calctreous 

feldspathic or arkosic siltstone. In the northern part of the Colo-

rado Asteetts the dominant clay in the Church Nock member is illite; 

a minor amount of the clay is mixed-layer illite-montmorillonite, in 

which montmorillonite layers constitute less than a third of the total 

clay (Schults, in press). In the northeast part of the Plateau, the 

member generally contains t few percent of chlorite end in the north-

west part a few percent of wl/nits. In the southern part of the 

Colorado .11stea-, the member contains sontmorillonite„ mixed-layer 

illitoomantmorillonite in vtLch montmorillonite layers are dominaLt, 

and Mite; chlorite is a common minor constituent. 

In addition to the metres sl1t3tma sandy silte.one, The 

Church took member contains a variety of other litholobic Lippn 

including t*rtsaatelly laminated, ripple-ltztnated, und wavy-

stratified siltstone and sandstone, trough cross-strtUfied sand-

stone, limestone arti siltstone pebble conglomerate, and planar 

croso-atratified sardstone. 

fx,)risontally laminated, rii)ole-laminated, and wavy-stratified 

siltstcre krd sendstone occur as very thin to very thick beds 
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ri nu re 41.--)el MICK and Church Rock members of ;hinle formation, 
and Aingete sandstone, in the southern part of Red itock 
Valley in northeastern Arizona. Amdstant beds in el 
.cock member are limestone or liay siltetons beds. 
?assistant beds in Church :oak member are sandy siltstone 
and very fine-grained sandstone, some of which contain 
planar cross-strata and are interpreted to be eolimn in 
origin. Slope-forming unite in ooth eras >el hock and 
Church Rock members are reddish-brown horizontally 
stratified siltetons and sandy siltstone. (Trap, Owl 
Rock member of Chin's formation; Trcol .:hunch Rock member 
of Chinls formation; Try, Wingate sandstone; J, 
formations of Jurassic no) 
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interstratified with the horizontally stratified siltstons and sandy 

'Motor's and to a lesser extent with the other lithologic Lyres. 

These rocks exhibit a variety or sedimentary structures inclujing 

horizontal laminates parallel end cusp ripple laminae, And thin beds, 

very thin oeds, and laminae that exhibit a vague waviness of law 

amplitude on their stratification planes. Aadoracked surfaces, worm 

borings, and raindrop impressions occur locally. Strata included 

under this heading probably have a variety of origins. Cusp ripple. 

marked strata occurring in the trough cross.stratified sandstone are 

probably of fluvial origin; horisontelly or parallel ripple-livainated 

strata are probably mainly deposited by currerts in a bode of water; 

wavy-'stratified strata may have oeen deposited by weak currents; 

some strata exhibit mudoracked surfaces and rain drop impressions 

indicating 11368 subaerial deposition. 

Trough cr'ssmatrotified sandstone occurs in the Church hock 

member in many areas. It is the dominant lithologic type in a few 

&ream, particularly in a narrow elongate norViwest-trending belt 

extending from southwestern olorado to central Utah (fig. h2). This 

belt will be further descrioed in the section on sedimentary facies 

of the upper part of the Chinle formation. The moat conspicuous of 

the trough cross-stratified sandstone units are given informal names; 

the 41sex lodge (Stewart and others, 1959) occurs neer the middle of 

the member in east-central Utah, and the Hite bed (Stewart and other*, 

1959) occurs at the top of the member in much of southeastern Utah. 

The trough cross-strstified sandstone is generally pale red 
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Figure i2...Chinle formation and 'Angst. sandstone on t;olorado Niver 
about 7 miles northeast of kosb, Jtah. iiottled strata 
(Trams) in this area are anomalous. They are unusually 
thick and contain a conspicuous angular uncohformity. 
The ,,hurch tiock member (Trec) is typical of the up; or 
part of the Chinle formation in the narrow melt contain.. 
ing abundant fluvial strata that extends from south-
western Colorado to central Utah. The lodges in the 
Jhurch Rock member are cmcdoaed of horizontally 
stratified and cross-stratified sandstone which is 
probably mostly of fluvial origin. The vertical cliff 
is the Wingate sandstone (Tr.), 
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or light greenish grey and very fine grained. Although for convenience 

the strata are dosignbtel Fs trough crosm-stretiftsd, actually both 

trough and tabular planar cross-strata occur. The cross-stratified 

sandstone is commonly interstratified with horizontally or cusp ripple. 

laminated siltstone. Carbonaosous mater(l is fairly common in the 

sandstone. The sendstone occurs eithAtr in widespread units, such as 

the Black ledge or the Hite oed, or in irregular lenses and inter-

tonguing fosses. In the narrow elongate belt oontsinini the sandstone, 

channels filled with sanistone are fairly comv,on. 

Stream directions in sandstone units in the area of the elongate 

belt are lominantly northwest (7. eoole, written oommunicatilni. 

Stream lirect4ons in the Hite bel, based on four studies, are mainly 

to the northeast and tor reason are anomalous as cospar“ to the 

rest of the Jninle form‘tion. 

Limestone and s ltstone pebble conglomerate and their finer 

grained equivalents, calcarenites, consist of irregular lenses composed 

of pebbles, granules, or coarse to very coarse grains of limestone, 

silty limestone, and siltstone set ins limy and silty matrix. *nor-

ally the lenses are from 0.5 to 3 feet thick and structurelese, although 

locally some are oross-stratified. They occur interstratified with 

horizontally stratified siltstone or sandy siltstone, and with ripple-

marked or arose -stratified layers. Poorly preserved reptile remains 

are ptrtioularly canon in these lenses. 

Planar cross-stratified sandstone unite occur in the Church 

Rook member in a region along the Arisons-hiew Amato state line in 
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northeastern Arizona and northwestern New Mexico (fig. 41). Them 

units generally are 10 to 50 feet thick end occur, in most places, 

directly above e horis4ntally laaLnatel or wavy-laminated sandy silt-

stone and sandstone unit 5 to 40 feet thick and directly below a unit 

of typical very thick-added silt3tone of the i;hurch Rock member. The 

three types of units, (1) horizontally laainated or wavy-laminated 

sandy siltNtone n,i sandstone, (2) planar cross-stratified sandstone, 

and (3) very thick-bedded siltstonc, form a cyclic deposit t?mt is 

repeated as much as four times in one locality. h. F. 411san first 

noted the significance of these cyclic deposits and drew the writor's 

attention to them. 

The planar cross-stratified sandstone units are light Omen 

and very rine crained. They are 'letter sorted than man stone in the 

rest of the .,hint. formation. The sandstone is verj similar to that 

of the Wingate sandstone which overlies the ',";hinle formLtion and of 

*Itch eons of these units are tongues. The *invite sanistone is 

feldspathic or mimic sandstone (based on data from Csdigan„ 1159a, 

p. 552 and 1959b, p. 57) and the planar cross-stratified sandstone 

units in the Chinle formation are probably at similar comoosition. 

As the name iaplias, planar cross-strata are the dominant type of 

cross-strata; the boundaries of the sets of cross-strata are flat planes 

(tabular planar cross-strata). Cross-strata with inclined and slightly 

curved set boundaries (trough cross-strata) also occur. The cross-

strata is generally on a radius to large scale. A few studies of the 

direction of dip of cross-strata (P. 0. Poole, oral communication) 
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indicate generally southeasterly inclined cross—strata. 

30ms of the planar cross—stratified units can !At shown to 

pinch out, or perhaps In part to grade laterally, into the tfoically 

very thick—bedded siltstons of the ,;hurch ;tack masher to the northwest 

in northeastern Arizona (fig. 29). Aber units can be shown to be 

tongues of the Wingate sandstone, tonguing into the .larch hook member 

toward the symthoset. Toward the southeast, the planar Gross—stratified 

senistone anits thicken end coalesce with one another. Along the north 

side of the 2:uni Uplift, the unit thi.t is called the Wingate sandstone 

is probably composed entirely or a coalesced mass of these planar 

cross—stretifiod sandstone unite, and the Wingate ssLdstone as desig. 

netted here is probably the lateral equivalent of the aurch Rock member 

farther to the northwest (fig. 29). 

The Church Mock member ranges in thickness from 0 to over 1000 

feet. It is nearly 1000 feet thick in southwesternmost Colorado and 

over 1000 feet at East irush Creek in northwestern Coloralo. The mem 

ber is unusually thick in these two areas. in :met areas, it is 200 to 

400 feet thick. 

Tne lower contact of the k;nurch Rook member is placed, in most 

Awes, at the top of the highest limesLone unit of the underlying Owl 

hook member. The contact of the *Jhurch oak somber end the overlying 

Ainglite isandston is a lisconformity except in northwestern Arizona 

and northwestern Nwes ataxic* where the Church Rock umber an lawate 

sandstone intertongue end in western Colorado where the contact appears 

conformable. Along the eastern margin or the Loloredo Plateau, the 
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Intred, sc,astone (Upper Jurassic) truncates the to, part of the 

Charon ock somber or related units. 

Fossils in the Church Rook member and related units are rare. 

The peleay9od Unio occurs in a few areas (Gr'ss, 190/, p. 6641 uisr, 

1933, p. 40-44). Vertebrate rvaine include fish end reptiles. Fish 

frIcur in the narrow oelt of fluvial sandstone extending from south-

western ..'oloracio to *antral Utah (Hill, 1a80, p. 490; Cow, 1930, 

p. 12-13; 3akar, 1933, p. 401). heptile rename occur at soattered 

localities (..:amp, 1930; Colbert, 1950, p. 62; Harshbarger arA others, 

1957, p. 10). goat of the nrytile remains occur in fluvial sandstone 

and conglomerate units, cour,only in limestone pebble oonglosorato. 

The f;hurch l'ock menber end related units also contain a few remains of 

cycade (Hills, 1880, p. 490) and of conifers and a possible palm tree 

(drown, 1956). 

Sedimentary facies of the upper pert 

of the Chinle formation 

The upper part of the .lhinle formation exhibits marked char, aS 

in facies or the Oolorado Plateau. Them facies relations have boon 

studied by R. Y. Wilson Cos. Stewart rind 1960 tnd his illus-

tration is reproduced in figure 43. 

In the fades analysis, three litholo,jc categories are 

recognised: (1) cross-stratified sandstone and siltstone, probably 

represerting stream channel deposits, (2) horizontally laminated and 

ripple.laminsted siltstone, probably representing deposition from, or 

reworking by, unrestrinted water currents, or "eheet-flaw," primarily 
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around the margins of lakes and on floodplains, end (3) limestone 

end horisontally very tniok-bedded or structareless siltstane, probably 

representing quiet water de„)osition in lakes. The facies sap shows a 

general westward increase in the amount of limestone anl structowless 

siltstane. A large amount of cross-stratified sandsteme r,nd siltstone 

is presevt ir two areas: (1) a rellitively narrow belt extending from 

southwestern ::oloredo to contrel Utah, and (2) en area in east-antral 

Arislna ana west-.central NM, 442100. 
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INrOtekaATI1MS 

The Chinle formation is a cortinentfl. deposit containing 

stream, floodplain, swamp, lake, un1 eoltan sediments. 'base environ-

mental inter?retations bre based on the fossil re%ains and the lithologic 

types in the formation. 4here possible the sAoposed environments of 

ie,ositior in the Chinle formation are compared with modern erviron-

*onto. In edCtion to the environmental intorprotations, the peleo-

esoirrsphy during the deposition of the formation is discussed, inclading 

interpretations as to the location end terrain of the source areas. 

Aiottled strata 

Several ideas have been proposal to explain the origin of 

the mottled strata. ALost geologists (X. L. Stokes, quoted in Johnson, 

19575 i;ohnson, 19571 Schultz, i7 press; 0. U. Richmond, quoted in 

Pinch, 1959, p. 151) consider these stratm to be a fossil soil sone. 

Finch (1953), wno first recognised the side distribution of the mottled 

sonic, which he called the "purple-white" band, had no definite ideas 

on its origin. '.obeck (1956) believed the mottled colors formed by 

alteration caused by circulating solutio's srortly after deposition of 

the strata. 'Warr (195) oelteved the mottled color to be on alteration 

socoapenying the formation of ore deposits. lie believed the ore deposits 

t; be of hydrothermal origin, and thus apparently also believed the 

..41 hydrothermal. 

,:vallable evidence support- the idea that the mottled strata 



are fossil soil alms. The mottled color is clearly an alteration 

phenomenon, as it commonly. (mosses lithologic contacts and locally 

oven crosses the iioenkopi-hinle contact. The strata occur along the 

pre-Chinle anconformity whore soil would be likely to fora. The wide 

distribution of the mottled l'u'sts srd their deyelopment on different 

types and ages of rocks, but always in the basal few feet of the Chinle 

fom,tion or the top few feet of directly underlyina rocks, suggests 

a widespread soil zone develped across rocks of different chArscter. 

Tee mottled colors are best developed at the top or a particular group 

of strata, and the amount of aottling decreases downward and gives way 

gradually, in most places, into normal colors of the underlying unaltered 

rocK. Such a Aeon's's. of intenety of alteration downward is character. 

istic of the lower part of a soil profile. 

The mineralogic differences between the mottled strata and 

unaltered rock is also indicative of a soil sone. jottled strata in 

U* oenkopi formation, for oxeaple, comaonly contain more kaolinite, 

more mixed layer illite.:4ontakorillonite in *Itch the illite layers 

are lightly mo:.e alundart tha s, or about equally abundant to, mont-

morillonite, and lass illite than strate in the unaltered ,l'enkopi 

formation. In addition, the mottled strata in the ilonnkopi formation 

rarely cortain chlorite and never captain feldspar; both these minerals 

occur in unaltored rooks of the Aoenkopi formation. Such alteration of 

014y sinerals is common in the soil formim; processes. The development 

of kaolinite hut destrlction of feldspar and chlorite commonly ootrAre 

in soils, pii:-ticularly soils in tropical or subtropical climates. 
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The fossil soils of the Ohinle formation are not unique. 

Schultz kir press) reports similar mottled soil developed on crystal.. 

line rocks just below major unconformities. ;:ins such soil reported 

by chultz is near ions, lifornir, and occurs on altered Jurassic 

metanorphic racks; at.other is in the bauxite of Ardlineas and 

occurs on altered syenite. These occurrences are similar to the 

development of the mottled rooks on the rrecaabriar crystalline rocks 

of the 4incompahgre elatesu directly below the Chinle formation. 

Nikiforoff (1955) reports very similar rsi mottled strata in southern 

4eryland whiob he ascribes t, laterization. e. L. elayford (1954) 

reports similar mottled rocks containing purple and red blotches in 

an exhumed Tertiary lateritic soil in western Australia. 

The soils at or near the base of the Chirie formation developed 

on a vast smooth surface of erosion. This swath surface of erosion 

is indicated by the roma kably featureless eIntact of the China,* forma— 

tion with underlying rooks. Only locally is this smooth surface marbord 

by (gunnels and irregularities. This plain could be Galled either a 

peneplain or a pediment. Stokes (1950) has already applied the team 

pediment to this surto:* in describing the origin of the Shinaruwp and 

related conaomerate units. T most geologists, however, the tern 

pediment is applicable to a much maaller feature developed at the flot 

of mAlrtains in arid and semi-arid regions. The term peneplain, 

therefore, seems sore desirable and will be used in this report. 

The common occarrence 4f mottled strata in the basal few feet 

of tne Chicle formation indicates that deposition of some of the Ghinle 
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formation preceded soil formation. The zottled strata in the basal 

few feet of the Chinle formation consist of siltstone, Which was 

probably tomer' by reworking of the underlying 4oenkopi formation, ani 

of coarse cross-stratified sandstone and conglomerate, containing 

debris derived from outside the basin of deposition. 'here thin 

alluvial deposits probably formed during the time that the peneplain 

was developed on top of the Moenkopi formation and othe- rocks. The 

streams or this peneplain were probably at grades out locally they left 

behind thin alluvial do,vsits. Mackin (191s8) has shown that graded 

rivers in Wyoming duriN migration lamp behind lateral accretion 

deposits 1$ to 25 feet thick. Althoueh the stress on a peneplain 

probably would hrve a lower gradient then hose descrioed by waokin, 

they undoubtedly would also leave thin alluvial deposits as they 

migrated laterally. ?robably des osition of these thin alluvial 

deposits and formation of soils went on essentially contemporaneously 

du/sir ,- the long interval oetween deposition of the Moenkopi foraation 

and the main pert of the Chinle fomation. The mottled strata, there-

fore, aro probably much older than most of the strata of the Chinle 

formation end probably aocumulated, 4t least in part, during iiiddle 

Triassic time. 

Stokes (1950) has described the formation of thin alluvial 

deposits during a time of pedimentation. He considered that the 

Shinarumo member formed in such a way and that it was deposited in 

part durin,.addle Triassic time. As will be discussed later, hoover, 

available (ividenoe suggests that the mottled strata aocumulated during 
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the time that the pen plain (or pediment o: Cokes) was formed and that 

the Shinermap member is a later deposit formed by aggrading streams 

during depositional cycle following poneplanation. 

Lower2art of thf) Chinle formation 

The lower part of the Chinle formation oonsists of variegated 

claistone, clayey siltation', and clayey sandstone and thin widespread 

ledge.forning sandstone and conglomerate units such as the Shinarump 

and Moss Beck members and the Soma* sandstone bed. As will be dis-

cussed below, the lower part of the Chinle formation c3nsists of 

oontinental deposits laid down in streams, floodplains, and lakes. 

The primary source of the detrital aaterial wr3 the nogollon highland 

in southern Arisons and aljeotint vlogions. This highland sup?lied 

mainly volcanio debris al)ng with some material derived from limestone, 

sandstone, metasedimentary rocks, and probably granitic rooks. The 

Uncompahgre highland of western Colorado and adjacent regions supplied 

a alell a 4ount or material, derived from granitic anq metaorphic 

rocks, to this part of the Chinle formation. 

Environment of ie?osition 

The types of rocks and fossils the. occur Lit the lower part of 

the Clhinle formation are used in reconstructing the environment of 

deposition. The fossils quite clearly indicate a continental environ-

ment of stream3, lakes, and wimps and intervening dry laid arose. 

4ased on thy, t;p4an of dedosita tornsdo the Shineruap and .‘oss Sack 

mcwers and the Smola sandstone bed were deposited by shallow 



 

braided streams, uteri:as most of the *.onitor Flutte, estrified Forest, 

swd related members were deposited by large, fairly deep, meandering 

rivers. The structure/Awe and horizontally stratified clay stone end 

clayey siltstone in the Monitor butte, '14:trifled Forest, and related 

melhers are interpreted to be quiet.iwater deposits formed in flood 

basins o: lakes. 

Fossil evidenoe 

The lower part of the Chinle for Action contains an abundant 

fauns and flora including, pelecypods, gastropods, arthropods, fish, 

axphibians, reptiles, and plants. All those fossils indicate a con-

tinental environment of deposition. 

Invertebrate rerains occurring in the lower pert of the Ghin1e 

form*tion are mainly fresh water forms that lived in lakes and streams. 

Unto, a common peLloypod in the foruation, is today a fresh water form 

and id ably has been throughout its geologic history. The gastropod 

Triasamnicola, a genus named for specimens found in the Chinle formation, 

has been referred to as a fresh water form (Yen and iseside, 194), 

because of its association with fresh water invertebrates. Arthropods, 

including estrecods, branchiopods, and insects are known from the lower 

part of the Chinle formation. )stracods occur in either fresh water 

or marine environments (Moore and others, 1952), but do not give 

definite 40vider.oe for either in this case. arenchiopods are repre-

sented by bivalve crustaceans referred to the genus "Latheria" 

(J. P. Rooside„ Jr., written oommunication), is brackish or fresh water 

form that hers been reported from ileistocene fresh water clays in 

https://40vider.oe
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eanada (A)or, and others, 1952). Insects are represented largely as 

trails end blrrows in petrified wood (Walker, 193a). Au *object that 

appears to bo a Ivetla* has bear identified by Roland rown (written 

comnunication) in southeastern Itah. 

7artebrate remaino occurring in the lower part a tha 

formPtion fkre aquatic rd dry 111nd *upland* forms. Thy fishes SeAinotas 

and Lepidotus are considered by Colbert (1952 to be fresh water forms 

that livnd in shallow strnatais and Woes. The lung fish eerstodas is 

likewise a fresh water form. Th only living form o Ceratodus, or 

more aecurstely Neoceratodus, ix confined to Amer* in Australia whom 

it lives in stagnant pools amd water holes (4. 111. Arid a*, quoted in 

Lull, 1945). The amphibian Kupelur w$* generally about 4 to 6 feet 

long end characterised by as enonsous flat skull and waell, feeble 

limbs Ool6ert and Imbrie, 1956). It is en aquatic form and may have 

never left the water (Colbert and Ilbrie, 19561 Branson and 

1929). *Wise include liesperosuchus, Typothorax„ kachaeroproaopue, 

Coelpaysis, arrt I'laerias, all of which are common and widespread 

fossils in the 4hin1e formation. Hesperosuchus (.;oIbert, 1952) sea 

lightly constructed, bipedal, carnivoroas animal about 4 or 5 feet in 

length, the emellest of Known reptiles from the Chinle formetion. Its 

hind limbs were large, and the tore limbs were small and used for 

grasping. The animal wee ada?ted to move rapidly and probably was an 

*uplands form living on firm dry ground. Typothorax was am armored 

quadrupedal low-lying reptile about 10 feet long with large sells. 

developed, but short, ltibs. it probably lived aostly on land (eolbertj 
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1950, p. 63) where its araGr made it practically imprecnable to 

attack. Machiteroprosopus, a phytosaur, was a quadrupedal carnivorous 

animal closely resembltn the present day crocodile (Camp, 1930; 

Colbert, 1947). Larger individuals probably attained longue up to 

20 feet. This animal probably lived along the banks of streams much 

like the present day crocodile. Coolophysis was a carnivorous, bipedal 

animal and one of the first dinosaurs. it was 6 to feet long, 

lightly built, and probably weighed only 40 or 50 pounds (Colbert, 

1955). Ite hind lags were very Wtror4; and adapted for walking; its 

front legs were short end bore mobile hands adapted for grasping. 

Coalophysia east have inhabited fairly r,5 land over which it could 

move with agility (' olbert, 1950). ?lacerias (•.4.41p and Aielles, 1956) 

was a herbivorous, quadrupedal mammal-like reptile about 7 feet long 

and 3 feet high. It had *tusks" extending out from the upper jaw, and 

jaws developed for food-..lashing and food-grinding. The "tusks" wars 

probably used for raking plant material out of the groused as well as 

for fighting. ?laoerias was the chief herbivorous reptile of its time 

and probably Was & dryland upland form. 

?Unto are the most t;r)andant fossils in the lower part of the 

Chine forzation and include both land and swamp forms. /hemp plants 

grew on the 1e,vsitional plain of the .hinle formation I;Laaugherty, 

19141, p. 29 and 35). pright stwaps with roots traceable more than 

10 fast and pith costs of lileocalaaite, with rhizomes tracoable for 

several feat (Daugherty, 1941, a. 29) indicate that some of the plants 

are preserved in their original position. :'etrified logs of the 
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conifer Areucarioxylon arisonicum, commonly are 3 or 4 feet in diameter 

and from 60 to 100 feet in len;, th. judgine from the haoitat of living 

araucariens, this conifer lived along the borders of stream or on 

moist slopes (Daugherty, lAtl, j. 30). memsine of 114acrotasniopteris 

anti lieoealenitiee are afbtaidants and those plant* provably reqaired a 

swamp environment (Daugherty, 1141, p. 31 and 33). The swollen end 

fluted 085”111 of Schilderia adamenie are similar to the trance of the 

bald cypress that grows in today's swamps (Daugherty, 1941, p. 31). 

The relaaiLing plant fossils including fungi, *rooms, lycopods, cordaites„ 

cycsidophytes, a ginko„ other conifers and shenopsida, most of which 

require zoist land areas. 

The fauna and flora of the lower part of the Chinle formation 

clearly indicate e contInental region containing fresh water features 

such as streams, laMes„ and swamps, with intervening dry "upland* 

areas. 

Origin of oross-stratifiel conglouirate, saristonek 

and clayey sandstone 

Cross-stratified aonglomerste, sandstone, and clkey sandstone 

ocour in two contr.-sting types in the lower part of the Chinle formation: 

(1) as thin widespread ledge-forming layers such as the ,,Unarump and 

Noss deck members ana the 'Impels sandstone bed arid 2) as slope-forming 

units within the ,vnitor outte and related monism and the :etrified 

Forest megoar. The ledge-farmind layers onerally contain su)aut 10 to 

2C oerosnt interstitiAl clay and silt whereas the slope-forming layers 

commonly contain more than 20 percent clay and silt. The cross-strata 



 

108 

in the ledge-forming layers are both trough and tsbals,r planar tip's, 

whereas tho cross-strata in the slope-forming units a:.s .,.enertlly very 

shalkyw trou,!-bs containing low angle crose-strate. 

The combination of cross-strata, channel /414 scour surfamess 

clnzlomerate layers, abundart slant remains, and locally re ins of 

continentbl vertebrates clearly indicates that those strata formsd by 

otrea:L action. the origin of the stream deposits in the Chia. forma-

tion can oe best understood comparisons with :iiodern stream dedosits. 

The types of deposits formed by recent streams are desoribod below, 

Icostly from descriptions in the literature; the deposits in the Chinle 

formation are then compared with these r-cent leposits. 

for4ed by meamdering streams are different from those 

formed b1 braided strea,4s, and those two ty)es are described separately 

below. Leopold and 4olman (1957, p. 59), however nave shown that there 

is an uninterrupted rame of charnel patterns from meandering to 

braided, thus there may be also a complete rano in the t;; ere of deposit* 

formed by these different types of streams. In the discussion below, 

ideal cases of meandering and braided streams airy considered; the 

deposits of intermediate types of streams dotwtless would combine 

features of botn mrianiering mci braided stream de„losits. 

Deposits of meandering stream..--Five main types of deposits 

are essooisted with meandering streams (fig. 44). Thom deposits are 

(1) stream channel dePosits, (2) point bar deposits, (3) natural levee 

and flood plain splay deposits, (4) abandoned channel end slough 

deposits ("clay plugs"), and (5) river basin deposits (also called 
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flood ?lain dedosits, backswaap deposits, or interchannel deposits). 

Stream charnel deposit* consist of sand and iora.tel laid down 

by the bettor of water within the channel of a stream. These dedosits 

have not been well described, largely becalme in recent streams they 

are covered by point bar, natural levee, or river basin der)osits. Fisk 

(1944; 1947) describes some stream channel dedosits (he calls the point 

bar substratua dedosits or sand bars) in the 4sstssippi Aver where 

they consist of msdiun send to gravel (Fisk, 1947, fig. 8). They are 

cross-stratified (Fisk, 1944, p. 18 avi figures 14$ and 15A); one 

illustration given by Fisk (1944, figure 15A) shows the cross-strata 

to be in a tabular planiyr get about 3 feet thick. Judsing from' cross-

sections ;,riven by Fisk (1941, plate 6), the stream channel deollit may 

be 93 to 60 feet thick. Sundborg (1956) des!:ribes stream channel 

deposits in the river narilven in Sweden. :iere the de,)osite consist 

of coarse to medium sand that occurs in cross-stratified layers. The 

total stream charnel deosit is 7 to 10 feet thick. The author has 

examined stres..1 channel dej)osits in the Sacramento Uver about 75 

miles north of %sentiment°, .Alifornia. The dedosita are canposed of 

medium sand to gravel an4 contan shallow lenticular trough sets of 

cross-strata generally about 3 to 5 feet thick and 15 feet wide. 

Stream channel deposits consist of the tractioral loa4 (bed 

load) of a strqaA that has accumulated where the traneportation 

capacity of the stream has been insufficient to reaove the sand as 

raMly as it has been dedosited (Rapp, lAttenhouse# and Dobson, 

1940). !7treal chern.,1 qeJosits accumulate during the waning stages of 
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a flood, tilling in areas that have been excavated durin the flood. 

`these deposits also accumulate as bars on the +=vox sides of meander 

loops. As a stream migrates laterally, erosion takes place on the 

convex side of a meander loop and deposition, of a corresponding amount 

of sediment, takes place or tile cAlcave side of the loop. As a nasIlt 

of progressive shifting, or migration, of the stream across an srea4 

thin taouler layer of stream channel deposits (lateral accretion 

de?osits) is formed on the deposition side of a meander 14op (fig. 44). 

Asoxin (1948) has described such deposits left behind by graded strums 

in illyoming. These iei:iosits in *yoming area thin tabular layer of send 

and 0.'01 about 15 to 25 fent thick and include a thin upper silty 

layer. This silty layer is perhaps a point bar dedonit, although it 

is called a flowiplan deposit by ,z.Zoicin. 

Point bar deposits consist of material deposited on to:.; of the 

stream channel deposits on headlands adjacent to a stream. The sedi-

murt consists primarily of meterial originally suspended in the stream 

end fie ,osiced when the stream spreads scroas the headlands during times 

of flood. ;he top surface 0.: point bar deAsits are marked by arcuate 

ridges, called point bare (fig. 44), from which the nal* of the deposits 

is derived. These point hers mtrk the former positlons of the streams 

(Sundborg, 1956). The deposits consist of coarse silt or very fine-

grained sand. 

4sturel levee and flood-plain splay deposits form along the 

banks or strums whe!.e susdended sediment is deposited during time* 

of flood. As the streans overflow their barks, sapended sediment 
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is dropped where there is a decrease in velocity of the water. Locally 

the rivers break through the natural levee and form large fan-shaped 

deposits, similar in shape to alluvial fats, ouilt out into the river 

basin. :Iles* de,,osits am called fLdod-plain splays. Natural levee 

and flood-plain spla- deposits e)nsist mostly of silt devsited in 

it g- laminae or tin Nods. 

Clay-rich de ,osits fora in abandoned channel or sloughs of a 

river. Such *bard red channels are common in meandering rivers and 

for?, th,-, well knowr, ox-bow lakes. Deposits in abandoned channels are 

generally claj and fine silt, and are referred to on the 4ississip4 

River as "clay plugs." Each deposits are comnon on the ,ississipli 

and :74acramento Rivers in the ':rived 3tates (Fisk, 1944, 1947; Damns 

and Thronson, 1955). 

nver basin de?osits (flop j.-plain, backswemp, or intercharrel 

deposits) consist or fine silt end clay de)osited in river basins 

adjacent to e stream. :)uring floods the basins may be largely filled 

with river water, oni sediment held in suspension settles out. giver 

basin deposits are commonly regularly laminated (Jams,, 1947; Dunbar 

and tiogers, 1957, fig. 17). xolmcn and Leopold (1957) have tried to 

show that flood-plain dei.,osits for, only a moll part of the deposits 

in a stream valley. In sone streeAs this is dlubtloss true, but in 

others fairly thick rivor basin deposits have accumulated. Fisk (19441 

1947) illustrates widespread river basin deposits, commonly 50 feet 

thick, in the ,alloy of the i.1ssissippi River. Extensive river basin 

deposits also occur in the lower part or the !locramento hiver in 
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aalifornia (Lorena, and Thronaon, 1955). also, as pointed out by *awn 

and Leopold (1957), Jahns (1947) found that ors .third of the deposits 

in the L;onnecticat River valley are flood-lain leposits. 

',posits of meandertn4; streams consist of several different 

types aammonly occurrLng in close association. The delosits 

rlow conederable variation laterally; etreaz channel deposits commonly 

abut against "clay plaza" which In turn say abut agenst river basin 

le?osita. *Clay plum" awe particularly common and characteristic of 

de,losits of meanderint‘ streams. 

Deposits of braided strew:say—The alluvial plain of a braided 

stream clnests of a relatively flat surface (1,1%j osed of a network of 

bars separated by shallow channels (fig. 45). Melton (1936) has 

described such plains as "bar plains." The bar plains are strikingly 

different froL the alluvial plains of wondering streams. A „plain 

traversed by a meandering stress contains a variety of different tyres 

of sediments, such as point bars, natural levees, "clay plugs," and 

river basin de?osits, leutr”as the bar Asins are a monotonous expanse 

of bars and Pnastomosing channels. One can imagine that the deposits 

built up by a braided strew' o',,nsists of layer upon layer of thin 

lenticular unit, of stream cloalrel eni oar deposits (fij. 45). 

Cross-stmta are prIbabl: a characteristic feature of most 

braided stream de <faits. Yolk Lod Hard (l757) describe "torrential* 

cross-strata (probably tabular planar wAs) in a bar in the asst s 

River of Texas. Loubtless nvas-strata also farm .Win the channels 

of the bridled streaas, and th se cross-strata may closely namable 
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those of stream charnel dierosita of taatniering streams. 

The "graveliferlue de,)osits of the Aississippi River are a 

goad example of the type or de posit formed by a broided stream (Fisk, 

1944; 19/0). It corelsts of a blgriest 1;;yer of gr;-+:.fel std sand that 

thirs Al!Ithward from 1"( to 2N) feet neer atiros alinvls, to gamer. 

ally about 50 foPt reer Ks" '..)rlenres Louisisrz. The devoalt fills old 

erosion charnels to the urderlyine s-1:.fece Ln1 is the t);4411 depouit of 

the Resent alluvium of the MisIissip',1! aver. it l tiand consti-

tute the ortire de p osit and occur in thins lsrticolt.r. or tone-like 

layers. The "gravelifereus" de?osits are thutht by Fisk (1)44; 1947) 

to have beer 'ail ill's, by hreiled streu:Av ands In fact, tracs of these 

old broiled streams con be seen it thm valley. The prqeont la, )osits 

of tr." meariering Vississipli River consisting of point hers, natural 

levees, "clay plugs," *ni river basin da. )osits, a;.0 markedly different 

from the ur4erlying blanket r.ravel sand lAyeA deposited by the 

braided streams. 

A hrollori pattern is perhaps thc characteristic form of rapidly 

egrreiln7 streams. Most glacial striae tYgt lorned thick valley 

fills, are intricately brAided. kany of tho e,Alemeral s:agtems that 

have formed alluvial fans in the western inited Aates are braided. 

The streams mmy be brofidei blicause more detritus is supplied to ttle 

strecils the- thiy have capacity to handle; thus, bars may be Imp 

witnin the chonrel. Leopold ant lolmat (1957), however, have indicated 

that broiled streas are not necessarily overloadei and that braided 

streams ere ore or mory charnel patterns thAt streams zsay adopt in 
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rowans* to the discharge, slope, and other factors of the strait:2s. 

They show that ari inorosse in the discharge of a stream, for example, 

may cause the stream to change from s meandering to * braided course. 

Nonetheless, a large load may also prodive a braided stream (Leopold 

and ftelmen, 1957, p. 63). 

Oemyerison of rece:A stream de2.asits w't't the deposits of 

the Chinle formations—The rilinaramp and :iioss Back members and the 

Sonmela sandstone bed exhibit tte typical features of braided stream 

deposits. They consist of a blanket or sandstone and c4nglomerate 

composed of layer upon lower of cross. stratified units. They are 

laterally homogeneous and are remarkably similar to the blanket 

"graveliferous" deposits of the Miesissippi River that were formed by 

braided straamm. 

InIna tea areas, features that are interpreted to ..),Ja 'clay 

plugs" occ'ir at the top of the Shine rump member. Such "clay plugs" 

consist of chsenels, cowonly several hundred feet across ard 30 or 40 

feet deep, out into the top of the member and filled with greenish'. 

grey silty clays tone, siltstono, and clayey sandstone of the Abutter 

Butte member or related. strata fi,g. 33). Those features indicate, 

therefore, that at least locally the streams of ths member were of the 

meandering LEA. Nonetheless, features than can Oo interpreted 1415 

indicative of meandering streams in the Shinarump member, as well as 

in the Hors /sok mems:Aer and one elm stnistone bed, are extremely rare, 

indiestinc further thrt moat of the streams more of the braided type. 

The cross-stratified dei.osits in the Aonitor .77;utte, etrified 
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Forest, and related members, on the other hand, could very likely be 

leposits of meandering streams. The shallow tra147.. mats of low tnijis 

arose-strats oceurring in the units are different from the arose-

strata in the Shin ramp and moss Back namuers or Sonsele sandstone tied 

and =-enerally resemble the cross-.strata observed by the author in 

stream channel deposits at the Sacramento River, a meandering river. 

In sd,lition, these crusssietratified units are lenticlthr and discon-

tinuous, and are associated with evenly and thick-!4edded claystone 

and siltatons units that could be river basin or associated lake 

deposits. 

Origin of cross-strata.ross-strata, as outlined previously, 

develop in stream channel and bar dedusits. Their occur erce in 

stream deposits has lung been recogrised by geologists, and consilered 

as one criterion for .:-ecognizini streplc action, but how croes-strata 

form is not entirely Wnown and even lesn is known of w4 one type 

develops instead another. Per examples the strew dtposits in the 

Chinie formation oontain both tabular planar and trough cross-,tms,k. 

The different processes by which these coctrasting typis or (Iross-

strata form *an only ue umierst,)od in a general we'. 

Taiulnr Abner cross-strata can form in transverso bars in 

meandering or braided streams or in irregular bars in braided stroalls. 

They most likely develop on a flat stream bottom and in fairly shallow 

water. 

The foraaticr of tabular plane ,. cross-strata in tri,nays.i.se are 

is fairly well understooi :micause of the work of .:)unibirg (1VA P. 2071 

https://tri,nays.i.se
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zra.272) on cross-etrat4 in the river Klarilven in f7meden. Sundberg 

Observed tht, large trt.,.sverse bars o'cur almost thr*ughout the meanler6. 

ing course of the river. These bars are 0.G.5 to 0.5 x high end 2 to 

20 a apart. The upstreem side of the bars is troath and dips vetrearx 

at an erje of about 1 decree. The downntream sSde is steep end rtiLhly 

at the sr, le or repose. The bare are trAralmrse to Ile direction lf 

the flow, eo that the crests of the bars font lIng transverso ridges 

acr).;!! the stream And tht steep downstres sides of. thi appear es 

limar features at r14;ht ancle to the strew flow and facia: hoer sere 

Sediment is carried up the backside of the bar And Aegoslted on the 

frontnlies !n the manner of the toreset beds of a lelta buildtnzA out 

into a 'qldy of water. As the front of the bar is bitilt forward by 

cantlruel depositton, n tabular layer of cross-st,-ata is left that is 

very similar, if not iienticul, to the tabular planar net?: of c 

str `r of the Chinle formation. 

Tabller planer cr*ss-strat& probably Also :arm in irregular 

bars it braidel streans. Folk and Nerd (1957) have shown the. water 

flvving over R river bac in the .r..e.zos Aver in Texas alters its flow 

pattern eo that the water runs off the lee side of the her it right 

angles to the bar's odge, even though the edge of the bar is not at 

right angles to th© main flaw of th stream. Folk and. Oard observed 

istorrertikl" croce.strata (probably tabulAr planar crons-etrets) 

Awnellivad on the lee side of tLis bar. These cross-streta apparently 

'err 6Ailt out on the let side of the bar in nth the LAtim manner as 

the frleeet lode of a. delta building out int) a body of water. 
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Tabular plainer cross-strata probably tend to develop in streams 

with flat bottoms and shallow water. there the water is deeper, 

swifter, vril more turbulent, the regular pattern of transverse wire 

may be destroyed. Transverse bars are, for exazole, common in estu-

aries and on tidal flats where water is shallow and the bottom is flat. 

Trannve:.ee bars would be mpected, therefore, in shallow braided streams 

or in shallow, flat-bottomed portions of meandering etre/its. The 

river Klarilven is fairly shallow and has a flat bottom, thus possibly 

accounting for the numerous tralsverse bars. The expectation that 

braided streams commonly contain transverse bars is born out by the 

comDor occurNIrce of tablihr )lanai' crompaistrata in ?isistocene glacial 

deposits which, judging fro recent glacial streams, are generally 

braided. Illse (1949) 444 Longwell, Knopf, and Flint (1932, fig. 122) 

illustrate beautifully developed tabular planar cross-stretfi in 

Pleistocene stratified glacial deposits. 

The origin of trough cross-strata is obscure, and, as far as 

the writer knows, no one has described their formation it a recent 

stream. In addition, trough cross-strata may form in differ/ant ways. 

The typical cross-strata of the Shtnarump meemr, which occur in 

shallow elongate troughs, may form by the downstream migration of 

arcuate "sand waves' or bars. Aber trough cross-strata soy form by 

Milne in of "holes' on the stream bottom prod iced by large vertical 

vortices. -ost likely all of the trough cross-strata are formed in 

areas of deoyer, swifter, and rlore turbulent parts of s river. 

the typical crows-strata or true Shinarump member occur in 

https://Trannve:.ee


shallow elongate troughs some of Which extend for 20 or :ore feet 

(fit. 16). These cross-strata arif believed to fora by the downstream 

migration of arcuate "sand waves" or oars, similar in shape to barchan 

dunes. The formation of thAie trough cross-strata is prooabiy simAar 

to the formation of tabultx planar cross-strata in translersc bars 

except that VIA bars are crescentic feat Ares Whioh are concave down-

stream and are of limited lateral extent. Also in contrast to trans-

verse bars, Irosion takes place on thL downstrear.; side of the bar in 

the area beween the two ar s of the crescent. In such a. manner, the 

trough is extended dowrstreaiu as the arcuate oar migrates downstream. 

The entire bottom of the stream is probably covered by these arcuate 

bars, and many different sets of cross strata are thus'wing created 

synchronously on the bottom of the stream. 

Other cross-strata occurring in the Chinle formation fill deep 

troughs that appear to be large scours which are later filled in by 

sediment. These troughs may have been produced by erosion prolved by 

large vertical. water vortices in the streial. tattles (1947) has 

described large scale turbIlenoe, macroturbalenoe, in streams, including 

these large vertical vortioss. A vortex consists of an upward rise of 

a large volume of water in a sort of miniature subaqueous tornado. 

The vortex starts at the bottom of the stream. It rises claicklY off 

the oottom and asoeLds to the surface where it tome a sediment Leiden 

boil risin,„: slightly above the surface of the surrounding water. The 

vortices, according to is4ttles, are the :lost powerful ak;ents of stream 

scour and prod ace troughs on the oottom of the streams. Aaling of the 
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troughs from the upstream side by bed load matoriel could then produce 

the oross-strata. 

Most likely trou& sets of cross-strata develop it deeper, 

swifter, end :aore turbulent pc: its of a river or stream thar do the 

tabular planar cross-strata. Norhaps the river has cross currents or 

turbAence that breaks up the transverse bare. Kindle (1917, p. 21-22, 

and plate 13* std 8), for example, describes :Asir-like depressions 1-

oatueries. These lepressiats cover an area of 3 acres or more in a 

place where currents 0141Witt presumably too strong or too irreoler to 

form the more regular linear sand waves (similar to transverse bars of 

Sundborg„ 1956) which are the 74ore common type of wave fora in the 

estuaries. Trough cross-strata may be more characteristic of deep 

meanderir„ stroams than of sallow braided streams, although trough 

cross-strata probably will also develoid- in the leeper channels of 

braided streams. 

Origin of channels and swales..Channels have beer. interpret 

to fors in two different ways. According to one idea (AciAte and others, 

1953), the ohm eels are formed during a two..stsge process o. channel 

cutting and mush later ds?oeition; the channels are considered as 

valleys of an old land surface. According to the other idea, the 

channels are formed and filled with sediment during a one-stao, process 

of cutting and deposition as rejuvenated streams gradually lost their 

power; th., channels are considered as merely the cross-sections 3f 

rivers. 

f;h000ing be%weea these two Lissa is difficult. Aearly some 
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of the small scours must have formed during flood times and filled 

during the following sleek water•tine. Suoh small soour surfaces are 

(Eamon within fluvial units such as the Shintrusp and doss 8aax ambers 

and are comiLon at the bottols of present day streams. The festuNts 

oonstiered to be 'time/ plugs, ' if interveted correctly, must also be 

crose-oections of rivers.. The cross-sections of many of the channels 

filled with sandstone red conilooerate are statist* to those tilled with 

finer grained rocks ("clay plugs"). As s.vated previously, channels at 

the bees of the Shins:rump memer may be most abundant in the sane areas 

in which the *cloy plugs" are most nuserous. This association of sand. 

stone. and conglomerate-filled channels with "clay plugs," suggests 

that both represent the same fettture..the cross-section of a river. 

The larger channels, on the other hand, are too deep in role-

tion tl their width to be mereli th cross-motions of rivers. The 

present lay chanrel of the Mississippi kdver, for example, is 3n the 

avera:e 1,800 feat wile and 56 feet deep *nl. has a width to depth 

ratio of 37 (calouleted from data on plat ts 23.65 of Fisk, lak?). 

channels at the be of the Shinamisp member in the konument Valley 

area are, on the averece, 260 feet wide otTA 30 feet dee? and have a 

width to depth ratio of 8 (calculated froa data on p. 114 of ntkind, 

1956). Some of the chsrrols at the beer of the Shinarump amber are, 

therefore, much deeper in relat.ton to their width thin% is the chenrAl 

of the Mississippi River. In additior, sx-ke of the charnels at the 

base of the Shin/grump member a-e 150 or more feet deep, much too deep 

to 30 the cross-section of a river. The deeper cnannele thus are. 
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probably valleys on en old land surface in which the stream flowed 

perhaps as much as 50 feet below the surr./unding lend. Later aggrada-

tion filled these &Annuls. 

In summery, some or the shallow charnels are considered to be 

cross-sections of rivers, elher.eas the deeper channels are considered 

to be ancient valleys on an old land marface. Telling the difference 

between th,,se two types in eiy one channel mk be diffic:Ilt or 

impossible. 

Swale* are considered to be broad river valleys which are 

later partly or entirely filled with sediment. They probably mark 

the sites of for river systems. 

Origin of thin widesElad sandstone and can ;),overate units.--

The fluvial rhinerump and koss 'deck ,ewers end sem:stone bed 

of the Chinle formation have been conside-ed At.2.1arkable by eery 

geolocists because of their widespread distribution and thinness. The 

Shinerump member <>scars in en area of about 140,000 square miles, 

although it is absent in sevitwal large areas within this maan. It 

ciay average about 30 feet in thickness, although in else areas it is 

about 50 feet thick al3ng several miles of outcrop. The iiose lack 

member is wore continuous Pnd covers at least 10,000 square miles. 

It &versos about 60 feet in thickness. The .Sonsele sanistone bed 

covers 24,000 square miles and averak:es about 30 to 40 feet in 

thickness. 

Stich thin widespread fluvial units are fairly common in other 

parts of the eeologic section. Stokes (1950) discusses several units 
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of this nature, including the "Shinarump cangloserate," in the .,tesosaic 

strata )f the C:olorado Plateau and lbeigountain regions. In addition, 

the Flaxville gravel (,4oceno and ?liooene) of the narthern Qreat Plains, 

the aishaa conglomerate (Wiooene t) of the north flark of the into 

Mountains it Jtah and Wyouinz, the upland gravels (Pliocene ?) of 

Merylind, and the ''graveliferous" de)ostts (Becent) of the Mississippi 

River are all thin widespread fluvial :wits. Thrfp last four *maples 

are of particular importance as they have `Icier. studied extenevely and 

are recent erau0 that pertinent information conc.:mint; their origin 

can be obtained from presort day physiogre?hy of the area La wb14h 

they occur. These four examples are briofly dascrir)ed below, in order 

to inlicata their eettlinc arl orizin. 

.rhe Flaxville gravel occurs on outliers coverinc 1000 square 

idles in northern kontons, and spotty outoropr, 3f th. Flexville gravel 

and probable evivalente occur in an area of adproxiwately 60,000 square 

miles in the northern treat ?lairs (Alden, 1132; Gollier and Thom, 

1918). It is coproosed of cross-stratified or irregillarly 5edded ,ravel, 

clay, and sand, and rano* in thickness frees a few roet to 100 feet. 

The Flexvills !travel is a deposit spread out to the east from the 

Rocky 4ountains and lies on one of several vast alluvial terraces 

formed by stream planation during long periods of tectonic stcAlity. 

Sy the end of Miocene tie or early eliooene tins the planet .on pro-

seeded so far that the whole of the northern 'shiest Plains was a vast 

pei*plain (or pediment). The rlaxville Rravel i3 a 4111113.33it forTied 

during tails planation or leAsited on the peneplain. 
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The Ashy conglomerate (Miocene) occurs on spotty outcrops 

thrauelout en area of 2,300 square miles, and consists of sandstone and 

conglomerate (iradley, 1936). It rests on the Gilbert ?ow surface, a 

pediment surface, .t.hat can be traced southward high up onto the Ante 

Mountains. The 3iahop cInglomerate is thickest in th© most circa re 

part of the Albert i'eaA surface mhe.,-e it is 1(X) or more feet thick. 

The fornation thins towards and pinches out on the north flank of the 

mountains which were the sauxee of the sediment. 'radle (1730 con, 

siders that the 'Albert Peak surface is a pediment cut under semi-arid 

or arid condttiors and that the Iiishop consItmerete was leposited on 

this surface because of streprz aggradatior due to a change in the 

regimen of the stream. :.:ost likely the chano in regimer was caused 

by an increaee in aridity. Asadley corsilsrs the Bishop con; omerste 

to be too thick to be It pediment gravel. 

The :eland cravele Miocene ?) of iaryland cover approximately 

600 square milf,9 and consist of cross-stratified or fail:i yell-

stratified gravel and zarly cmavel and a thin upper nether of loam 

Othle,!, 19571 !ack, 1955). It has a fairly canstarlt thickness of 

25 to 30 foot. The upland gravels were probably is osited by zeander 

irk; atreasm thrt derived thiet, sediment from the eiedmont and flowed 

eastward onto the easily eroded sediments of the Coastal ?lain. The 

streams mere legradIng and as they migrated cut the gently sloping 

surface below the depo3its leaving behind the thin lateral accretion 

depo-At of ,;ravel, sandy gravel, and loam. 

The -csrt "graveliteroqs" deosits of the 4ssissippi 
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cover ar area of approximately 40,000 square alias in an elongate 

belt a4oat 550 miles long and 10 miles aide. These de,)osits consist 

of send $1-4 gravel ranging in thickness from 100 to 200 feet near 

Cairo, Illinois to generally about 50 feet veer New Orleans, idauisisna. 

The deoosits fill and cover over an entrenched valley system. Fisk 

(19441 1947) has outlined the events leading to Ae?osition of this 

unit as follows. Airing accumulation of continental toe sheets of the 

Late *ieconsin 4acial stage, sea level vas lowered and an entrenched 

valley system was cut to a maximum of 400 to 450 feet below the 

previous level of the river. At the close of the toe age when maw 

level was rising because of the seltinf: of the continental glaciers, 

the rivers of the Mississippi Aver be An to aggrade doe to a rise of 

base level. The deposits of this aggranation are the 'gravelifero4s" 

strata. 

As outlined above, essentially two different hypotheses have 

been proposed to explain thin eldesdread sandstone and conglomerate 

layers such as the Ylaxville gravel, Ashop conglomerate, upland 

gravels of garylando and the "graveliferous" deposits of the Ass's-

sippi River. Those kr/pathos's are (1) them units represent thin 

de?osits of lateral accretion left behind as a stream aigrotes scrooge 

a plain and (2) the units represent deposits formed by aggraiation due 

to a change in the regimen of a graded stream flaeini.; across a 

pediment or peneplain. 

The lateral accretion hypothesis is based on the often observed 

relation that A stream at grade, or a slowly degrading stream, leaves 
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behind a thin alluvial deposit as it migrates laterally. The flat 

underlying erosion surface is prodused by the stream as it migrates. 

Mackin (1945) hee described this relaVon very adequately, and the 

upland gravels of Aaryland and, in part, the !-,laxville gravel of 

Montana may have this orizin. 

The other hypothesis attrbutes the deposition of thin wide-

spread sanAstone and conglomerate layers to * change in regimen of a 

graded;or nearly graded, streerq on a peneplaned surface. Sup?ose 

tnat a stream, or streams, hem ckit a smooth erosion surface or pens-

?lain and that the streaiJs are at grade on this surface. As defined 

by itackin (1948), "a graded stream is one in which, over a period of 

years, slops is delicately adjusted to provide, with available diedd► 

chare and with prevailing channel characteristics, Just the velocity 

required for the trans?ortation of the load supplied from the drama; e 

basin. The graded stream is a system in equilibrium; its diagnostic 

csaractoristic is that any change in any of the controlling factors 

will (muse a dioplacement of thn equilibrium in a direction that will 

tend to absorb the effect of the char; ,4," KA, if the regimen of the 

stream is ohanged, erosion or depositIon will occur on the plain in 

order to restore equilibrium. Suppose, for ewe pie, the base level is 

raised by a rise in sea level (fig. 46), and a delta is built out into 

the body of water. (lith these conditions, the overall gradient of the 

stream is reduced in comparison with its korner course. The stream 

can no longer marry as mach load due to the lower gradient end con-

comitart loss of velocity, and the stream *wades. The aggreding is 
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?rofile of graded stream 

Sea Level 

A. Greded stream 

Thin blanket deposit 

Delta 
Sea Level 

B. Rise in brse level of p'reded stream, end 
deposition of delta and thin blanket deposit 

Figure 46.--Development of t, in blanket deposit due to rise in base 
level of graded stream 
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an atte-,,t of the strea- to restore equilibrium and a graded condition. 

Deposition in the aggradln,-, stream will start in the area of the delta, 

the area of lowest gradient, and gradually work upstram. The end 

result of the aggradation will 04) a thin blanket of sediment extwrding 

throughout much of the length of the streas6 such a irkoctas has been 

suggested for the formation of the *graveliferouss deposits of the 

Aississippi Aver. The *traveliferous" de,vsits were, according to 

Fisk (1444; 1947), built up as a result of rising sea level during 

meltirg of the continental glaciers. 

The work of H&pp (l98) on the middle Rio 3ronde Valley in New 

Amico, affords a good example of the deposition of a thin layer of 

send over a long distanos in a modern river as a result of a change in 

regimes at the river. A careful study by Happ showed that the Addle 

Rio Wands Wiper is aggrading its channel at the rate of about 1 foot 

in 12 rears, not at only a few places, but throughout 133 miles of its 

course. dearly here a thin sheet of sediment is being deposited over 

a long distarce and it this process were to continue, a thin uniformly 

thick blanket layer of sediment would be built up. Happ attributes 

the deposition to an increase in debris supplied to the stream as a 

resat of arroyo cutting in many tributary streams and washes. 

Al the two hypotheses, the formation of thin widespread 

sandstone and conglomerate layers in the Chinle forwtion is attributed 

to aggredation due to a change in regimen of a grads stream flowing 

across a peneplaned emplane. The ocnurrerce of soils, as mdresented 

by the mottled strata, below the Shinarump member initcates that a 
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smooth flat surface.. .a peneplainm.was developed before de)osAlor of 

the Shinarump member. If the lateral accretion hypothesis is consid-

ered, the flat surface below the fihina amp msm'oer would be cut by the 

ease streams that deposited the mamoer, and soils would not be ext)ected. 

In odaition, the mottled strata thl_seives aorta :n. sandstone bni con-

glomerate strata that probably reoresent lateral accretion de: osits 

laid down during the time that the peneplain was cut. The Shinarump 

member is seening4 a deposit formed by a later period of aggradation. 

:n addition, the Shinaruep and km. Back /*ambers and the 

Scowls sandstone oed are „;enerally thicker than ue,oeits usually 

ascribed to lateral accretion deposits. The upland gravels of atryland, 

which are considered to be lateral accretion deposits, are 25 to 30 

test thick. The Shinaruap member, although it averages about 30 feet 

in thickness, is commonly 5D feet thick along many miles of outcrop, 

and is 100 or more feet thick in soale areas. The koss Back member 

averages about 60 feet in thickness and is commonly 100 feet thick. 

1 Smola sandstone bed averages 30 to 40 feet in thickness, Although 

it is elmmonly over 100 feet thick. The tnicknesses of the sandstone 

and conglomerate layers in the Chinle formatior are, therefore, cam-

sway thicker than iedosits usaally considered to have formed by 

lateral accretion. 

The arguments for the origin of the sandstone and conglomerate 

layers in the Ghiae formation by aggradation on a peneplaned surface 

are not strong. eossibly both oggridation and lateral accretion played 

a part in the formation of these units; one preemie might have been 



131 

active in one pert of the basin of deposition while the other was 

active in some other part. In areas where the Shinarump member is 

thin, the lateral accretion hypothesis is particularly inviting. 

eetheless, the available evidence seems to sapport the idea th'ct 

the si-ndstons and conglomerate layers in the Jhinle formation formed 

or top of an earlier format! peneplain during: distinct periods of 

aggradation and are not typical deposits of lateral p.coretion. 

The deposition of the thin widespread sandstone end conglomerate 

units in the Chinle formation may have started as the result of both an 

increase in load of the streams and a rise in base level. Jplift of 

the source area probably supplied a greater llad to the streams. 

?oomiely almost synchronously with uplift of the source *rob, the basin 

of deposition was slightl* downearped (ss ce section on Tectonic .;ortrol 

of leposition) and the base level thus effectively raised. Imposition 

was thus started bs ss reeponse to a change in the regimer of the stream 

and an attempt by the stream to restore equilibrium conditions. 

Slope of deeoeltionol surface.--An estimate of the depositional 

slope of the lower part of the Chinle fornation, particularly the 

'Ainarump and !Joss 'Jack members, can he mode by coyorisons with 

depositiorel slopes of 'ecert or late Tertiary deposits end with slopes 

of modern rivers end pedimnt or peneplain curtsies (Table 2). Some 

of the de:3onitioral plains of the Late Tertiary probably have been 

uplifted and the slaps* are higher than the original slopes. The 

figure for the 'Albert ?oak surface is neskagred near the Uinta Mountains 

and is in too high for a depositional surface away from a source area. 
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Table 2.--Depositionsl slopes of Late Tertiary or Recent 
deposits and gradients of modern rivers 

Slops Source of
Locality (feet !xr mile) formation 

Gilbert Peak surface (Mioosne), W70., 55 Bradley, 1936
35 miles from crest 

Righ Plains of Khnsas (Late Tertiary) 10 1.17. and 
Leonard, 1952 

flaxville gravel (:.iocone or Pliocene), 8.9 Alden, 1932 
eastern Montana 

Upland gravels of Aaryland 5 sable., 1957 
Miocene ?) 

0.41.111.0. 

Aggrading course of middle Rio sends 4.4 Rapp, 1948 
River, New 4,xico 

Streams on treat ?lain., Kansas and 1.5 to 6* laopold sad 
%ebraska 1elman, 1957 

C;clorado !dyer delta, Calif,,rnis 2.2 Sykes, 1937 

Hwang 4o dolts, China 1.3 Dunbar and 
tiogers, 1957 

Klarilven River, Sweden 0.9 Sundborg, 
1956 

Top surface of "graveliferous" 0.75 neat, 1947 
deposits (Ascent) of Mississippi Aver 

Valley elope of Mississippi Ri7er 0.55 Fisk, 1944 
(nate 10) 

Yukon River, Alaska 0.47 Leopold and 
Nolman, 1957 

Osnges Axmir, India 0.35. Leopold and 
robin, 1957 

.01•Pan.10. 

*Measured on !wandering course of river; valley slops is slightly greater. 

https://01�Pan.10
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On the other hen-I, the recent deposits of rivers like the Mississippi 

are finer (-mined thin those of the k;hinle formation, and the gradients 

ars probably lower than that of the kalinle formation. The slope of 

sgravellferoue- deposits of the Atississippi Aver (0.75 feet per mile) 

and of the aggress n& course of the middle Rio Jrande ktver (4.4 rat 

per mile) ere in the middle range of those listed and probably the 

most significant. They are in the general rase of tkve depositiimal 

slopes of deltas and of streams flowing on the .mat Plains. As a 

guess, the depositional slope of the Chinle formation IMO probably 

greater than 10 feet per mile close to the high source areas, but on 

the order of 4 feet per mile 50 miles from the searae. Farther out 

from t source area the gradient probably slowly decreased to about 

1 toot per mile, at a distance of 300 mills or more fr.= the source 

area. 

At first glance, it is difficult to imagine streams on a plain 

of such low gradient having the aompetemos to carry grhvel. Pebbles 

ono or two inches in diameter are oomran throueout host of the deposi— 

tional area of the :Ainarump and Moss Mak members. case pehbles are 

not locally derived but were transported long distances across vie 

plain from the source areas. %trams on low slopes, however, appareutly 

have the competence to move quite coarse debris. The Kansas Aver at 

Locoomptony &Linssey has a gradient of 2 feet per mile (Leopold and 

violaan, 1957, Appendix H) and had a flood velocity in 1903 of 8.05 

feet ;p1- second or 245 cm per second Murphy, 1904, p. 73). At least 

two other floadri luring recorded history have been greater thaw that 
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of 1903 (_cater IlAwurce Division, 1952). A velocity of 3.05 feet per 

second is sufficient to transport fragments about 2 inches in diameter 

according to Hjuistron (1935, fig. 18; also see ruche r, 1919, Table 1). 

Further, the *graveliferousa deposits of the kississippi Aver, which 

apparently had a depositional slope of 0.75 feet per mile, contains 

abundant gravel as large as 3 inches in diameter (Vies, 1944; 1947). 

The writer has observed many one inch pebbles on the '4icramento River 

where it has a gradient of 1.6 feet per mile. Apparently rather 

coarse eravvIl can O. trgniported in a stream on a low gradient. 

4rigiri of ripule-lAsinated sandstone end of 

rib-and-furrow structures 

Very fine-grained ripple-laminated sandstone units are common 

gt the top of the Shinarump member, in the eisonitor dutte and lower 

red members, and locally elsewhere in the lower part of the Chinle 

formation. These units locally contain parallel ripples, both of the 

symmetrical ann asymmetrical types, but the dominant structure is 

rib-and-furrow markings that are thou;.(ht to consist of layer upon 

layer of cusp ripple marks. 

These rip?1*-laminated strata are interpreted to be a spacial 

type of stream channel deposit, formed in shallow, flat-bottomed, 

probably low velocity streams with a silt or fine sand cottom. In 

the middle portion of the Colorado Aver delta, the dominant de?osi-

Lionel type is ripple-laminated fine sand and mud (iocNee, 1939). 

Cusp ripple marks are common in this portion of the delta (Mare, 

1939, Plate lA and 8). any of the streams in the ..;olorado aateau 
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region contain broad surfaces of cue; ri,o14, marks. These streams 

are generally fist-bottomed, and the ripple-merited sediments are sos 

posed of silt and very fins sand. 

Cusp ripple marks are the characteristic ty,* of ripple mark 

developed in stream deposits. Apparently they develop in response to 

fluctuating and variable currents in comparison to the parallel ripple 

marks which develop in smooth and steady currents. AsKee (1957, p.142) 

noted that cusp ripAe marks on the tidal flats et Cholla Bey occur 

largely in the channels of concentrated water movement, whereas parallel 

ripples occur elsewhere. 

no-and-furrow structures, as mentioned previously, are inter-

preted to be the product of deposition of layer upon layer of cLisp 

ripple marks. Their origin is believed to sae analogous to that of 

trough cross-strata formed by downstream migration of arcuate "sand 

waves" or bars. The cusp ripples adman downstream by deposition on 

their lee sides. Layer upon layer of oasp-shaped laminae art left 

forming the rib-and-furrow structure. 

irjja of structureless or horisontally stratified 

olaystons and clARY si3Mteno 

structureless or horisontally stratified claistone and clayey 

siltstons constitute a large part of the Aotrified Forest member and 

a lesser part of the 4onitor autto and related members. As described 

previously, they are composed of montmorillonitic clay and contain 

relics of probable roundel pumice fragments, many as large as 3 ma in 

diameter, and some silty material oomposed of quartz and feldspar. 
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The clay in the rock is derived from the devitrification of volcanic 

ash and pumice. Limestone nodules are common in the olaystone and 

clayey siltstone. 

The claystone and clayey siltstone could have ::men deposited 

in one of two ways, (1) from ash falls or (2) from ash and pumice 

carried in streams and deposited in lakes or river basins. The ash 

fall hypothesis is apparently riled out for a number of reasons. 

First, the rock itself contains large fragments of probable pumioe 

fragments that could not have been transported in the air for the 

necessary distances. Second, wind directions in rocks of ?ermian, 

Triassic, and Jurassic age (?ogle and Willia3s, 1956) on the C.Clorodo 

dl.teau pre consistently southerly, a direction directly opposite from 

that necessary to transport debris liras the presumed source areP in 

southern Arisons and adjacent states One section on Palecoography). 

Third and last, the amount of cleysLone ani clayey siltstons is so 

great and the distances so far that ash falls seem to be an inadequate 

method of transportation. In the ash and pumice fall associated with 

the explosion that produced Crater Lake in :)regon, 85 percent of the 

fall, which consisted of 3.5 cubic miles of material, was within 

75 miles of the volcano (Willis s, 042). If the deposits in the 

Chinle to are ash falls, most of the material mull have been 

trars?orted more than 75 miles, and large ash falls at distances 

greater than 75 miles sees unlikely. 

ash falls seem unlikely, transJort of the glassy volcanic 

material in stir:ails and dee-iosition of it in river ossins or lakes is 
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indicated. % -uiet water de.,osition is suggested by the even horizontal 

bedding of the claystone end clayey siltstone. The presence of lime-

stone nodules is also consistent with the idea of subaqueous deposition. 

Most lake deposits consist dominantly of clay anJ fins silt (wry, 

19541 Funt End others, 1953; Ranilton, 1951; -Oft*, 1957; ;k0u04 1958), 

so that the ooeurrenos of large fregmetts of volcanic debris in these 

possible lake deposits in the =;hinle formation 'seas anomalous. The 

large fregments, however, can oe explained as pieces of buoyant pumioe 

that floated out into the lake, and then were waterlogged and sank. 

Such large pumice fragments in Tertiary like deposits in L:alifornia 

have been so explained (Batsmen, 1953; Chosteraan„ 1956). The grains 

of quarts erd ir the claystons and clayey siltstono are 

mostly of fine silt size; thin grain size is in accord with that 

expected in a lake deposit. tiroably much o: the original glassy 

terial in these rocks was also of silt Sill... 

Origin of contorted strata 

A characteristic feature of Aany of the cross-strata in the 

Shlnarump and voss i3ack members is a peculiar deformation in the upper 

pert of the cross-stratified set, in which the cross-strats are drawn 

Aownstream, so that individual laminas in cross-section have the shame 

of a U laid on its side (fig. 25). This leformation probably is caused 

by a floorage of send shortly after deposition of the cross-strata. 

Observations in modern streams show that the top few feet of the sand 

bed often has the oonsistency of "quicksand" and that it commonly 

moves downstream as a viscous "fluid" mass. This motion of the top 
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few feet of the sand bed has been observed by "a civil engineer who 

desoended in a diving bell to the bottom of the AsSISSippi at a point 

where the depth was 65 Peet and the botto4 of sand. .:tepping to the 

bed, he sank into it about 3 feet, and then thrusting his arm into the 

yielding mass, could feel its flowing motion to a depth of 2 feet, the 

velocity diminishing downward" (Albert, 1914, p. 156). i similar 

motion down to 3 m wan observed on ;I'm gravel beds of the upper part 

of the hhine end one of its all tributary streams Duchies', 1919. 

p. 169-170). This motion would very likely cause the laminae to 

deform. The diminishing downward velocity could account for the 

observed diminishing ''ben ling' of th* strata doArwarl. 

A characteristic feature of the lionitor Butte and lower red 

members a-e contorted strata consisting of intricately folded layers 

(fig. 27 and 28) or of irregula. blocks of rippled-marked sandstone 

lying at almost any conceivable strike and dip. Some of the contor-

tions are similar to tense in recent landslide blocks which also occur 

in strata of the lower part of the .:*hinle formation, :,it many at the 

contortions are primary features caused by slumping during deposition 

of the ,,Ainle for„,.ation. The best evidence of primary slumpinz is 

that the deformed strata are truncated et the top and overlain, with 

sedimentary contact, or Imdeformed horizontal beds. Yurther, many 

at the contorted layers occur in flat country where recent landslides 

are qnlikely to occur. 

The moat likely exJlanatien of the contorted strata is that 

they are large landslip* into strews channels from edlacent flat lends. 



139 

Strome channels, which may have been locally 40 to 50 feet deep, 

extended below the surface of the plain and caused instability in the 

mass of fine-grained sediment on the adjoining flit lands. At some 

critical time, perhaps when the aAjoininc land area was saturated with 

water, sediment slumped and "flowed" from the flat lands and filled the 

onarael. A "clay plug* is the northern “mument 7elley area (fig. 33) 

which contains contorted strata aey be as easeple of such a slump. 

°swoon (1899, also in nharpe, 1938) has descrthed a landslip 

in :4uebec, Canada that may be very similar to those of the Chia* forma.. 

tion. The landslip occurred on a suA-1,11 stream occupying t shallow 

valley about 1000 root elde with sloping banks 2,5 to 35 feet high. 

The surrounding country is fin and prectially level, and co used of 

Pleistocene clay deposits. The landslip covered an area of 86 scree 

with greatest width of 1,700 feet and greatest length of 3,000 feet. 

The maximum difference in elevation between the original lard surface 

at the head of the landslip and the level of the stream is 20 to 25 feet. 

The mass of clay filled the valley adjacent to the elide and *flowed" 

down the valley for nearly two miles. Although the slumping in the 

k;hinle for: iv.ion may not have boon exactly like that in ‘,.lobec, the 

Quebec landslide indicates thin such Slumping car occlr in almost flat 

country tl the *apposed depositional plain of the ,.;hinle 

f)rmsti7n. 
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Paleogeogrephy 

The depositional plain of the lower part of the Chinle forma-

tion alo?ed northward erd northwestward away from a broad source area 

in southern Arisana and adjacent states--tne diugollon highland, a name 

?reposed by Harshbarger and others (1957). In *dation, a highland in 

western Colorado and northernmost New Axito--the 1;ncompehgre highland, 

a nem long in ase--supplied some detritus +c) the formation. The 

Mogollom higUand was dominantly a volcanic terrain, but also contained 

cherty limestone, sandstone, metesedimentary rocks and probably granitic 

rocks. The Jneoevehare highland vas en i moue and metamorphic 

terrain. 

Location of *ounce areas 

The location of the source areas of the loser part of the 

Chinle formation is indicated by the direction of straw; flo*, by the 

distribution of coarse gravel and of unusual lithologic pebble terposs 

and by straticraphic hiatuses in the *apposed source areas. 

A ieathern soaroo area, the Mogollon hiOlend (rig. 31), is 

clearly indiceted by the direction of stream flew in t'.1e lower part 

of the Chinle formation. treize directions, as determined from orient s,. 

Lion of cross-strata, are wetly northwest to north-northeast throughout 

Uw lower part of the Chinle formation 31). The north to Lort;;-

northeast flowing streams indicate a hi‘lar.rid to the south. 

I tee zser. end maximum sizes of pebbles, coboles, and boulders 

in most of the flanaromp nesber decrease gradually northward, in the 
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direction of stream flow, from the presumed southern source area 

(Thordarson and Allies, in preparation). The mean siees of gravel 

in the John, Holbrook, and southern ::4fianoe uplift areas in 

test-central ,risona is 21 mm and the 2a4.11411 sixes range up to 284 mm. 

In the Circle Cliffs area 200 miles to the north, the mean site is 

X5 an and the maximum siege range up to only 63 sea. The mean and 

MIAAAS sless in the !onsele sandstone bed show a similar, although 

less .proneurcAyi, lacrosse northward. This decrease in aim northward 

is interpreted to be due tic, decrotsirj competeno* of the streams 

northward away from the noutheru source Area. 

olcanic pehhles occur Almost exclinively along the southern 

margin of the bsoin of deposition, indicttinF further the likelihood 

of a source area to the south. 

Additionel evidence of a sluthern *mares is that erosion is 

knowr, to have taken piece during errly nesosoic time in the area of 

the supposed source in southern Ari4onk and adjtcont regions. In 

wouthif,i. Arizona, southwestern New mexice, anal in Somers, .:exice, rocks 

of Cretaceous age rust untrolformably on ftlecsoic or ?recambrian rocks 

(:carton, 1925, p. 135; *Atler and wilson, 1938, ?. 13; hoes, 1925; 

Gilluly, 1956, J. 123). The hiatus in southern Arizona represents all 

of Triassic and Jurassic tire. Clearly then, southern Arisons and 

adjacent regions were land areas during early Uesosoic time. 

A sour°e area to the northeast of the msin dei4ositional area, 

the Uncompahgre highland, contributed a small amount at sediment to 

tho lower pert of the ChinIe remotion. The Shinarump semosr in the 
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mentral Sew Mexico, and possibly same other Aaterial in the lower part 

of the hinle formation along its northeastern limit probably had s 

source in the Uncompahgre highland. This source area is indicated by 

stream directions as well as by other evidence. The stream directions 

in the 'I,hinarump umber in the White Canyon.Ylk Ridge area are to the 

west indicating a highland somewhere to thy, east. Areas directions 

in the Aqua ?arcs sandstone member in north-central New loaxico are to 

the south and southwest indicating a highland to the north or northeast. 

'ebble sizes decrease to the west or southwest in both these units 

(Thorderson and Albee, in preparation). In additions the pebbles in 

the shimarump member in this White ;anyor-tlk Midge ares are, on the 

oversee, over &) percent quarts whereas in m.,her areas quarts is goner. 

ally nearly or lams then 50 percent (Thordarson and Albee, in prepare-

Um). Apparently the different source arse provided a different type 

of pebble sese-,-blage than in other areas. The Aqua Zeros sand stare 

mme)er curtains large quartzite and quartzite oonglamerato oeobles and 

cobbles which say have been derived from known metamorphic rocks to 

the north (Gebelmon and Irown, 1955). the Uncompahgre highland is 

easily delimited in Utah, ,,olorado, and New Ataxic* as an area where 

Triassic or younger strata rest on erecembrian rocks. 

Terrain of source areas 

The types or rocks exposed in the soaroe seas is indiented by 

the type of istritial materiel in the formation. The terrain also can 
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be determined directly fram study or the type of rocks present in the 

supposed source areas themselves. Alums possible, an attempt has been 

mode to ',vat* rocks within the presamsd source area that could have 

supplied the roc as that occur As pebbles and other detrital material 

in the formation. 

The dogollon highland was predominantly a volcanic terrain but 

also contained shorty limestone or dolomite, sandstone, metasedimentary 

rocks, Rnd probably granitic rocks. Volcanic debris in the lower part 

of the .,:thinle forr.fitiono as lescrioed before, consists of volcanic 

pebbles, pumice fragments, and mantutorillonite probably derived frog 

the devitrification of voloanic debris. The volcanic pebbles ere 

vitric and crystal tuffs and vitrophyres and are of rhyoLitic composi-

tion in the ainarump member and of an Intermediate coAposition, 

perhaps quarts latito or dacite, in the ?etrified '"orest member. The 

dominant clay is the lower part of the Chia(' formation is montmoril-

lonitic, and judging frame the amount of this clay and other volcanic 

debris, at least half, and possibly much more, of the lover part of 

the ,:hinle formation was derived fro volcanic source rocks. 

The nearest possible Triassic igneous activity to the k:olorsdo 

Plateau is in southern ,risona. The likelihood of this source is 

supported by the occurrence of volcanic pebules only near te southern 

margin of the Chia. formation. The beet documented occurrence of 

Mesosoic igneous activity in southern Aritona is in central %;ochise 

Qounty in southeastern *risone. Oilluly (1956) recognised granite, 

granite aorphyry, quc.rts aonsonite, monsonite porphyry, and associated 
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lain by sedimentary rooks of 4.arly Cretaceous age. These intrusive 

rooks, therefore, could be of Triassic or Jurassie age. Amilar igneous 

rocks that intrude formations of ealeosoit- knit not those of Creta-

ceous age occur in mountains in Santa Cris and ame Counties, that 

adjoin Coots., ,:ounty on the wnei, (Schrader and Hill, 1915, p. 57-70). 
ether intrusive rocks that *lave ;son tentatively assigned to the Meso-

sole occur widely in southern Arisone (Schrader, 1909; 3ancroft, 1911; 

Jones, 1915, 1916; Renso,ne, 1919; Ross, 1922; Aryan, 1923; arton, 

1925). These intrusive rocks, however, cannot be (Wald with any 

assurance end could be most any ego. Anderson and others (1955) 

report intrusive and extrusive rocks of .ate C'retsoecus (1) or early 

Tertiary 0) age in trio Bagdad area in Tavapai County in central 

Arisorp. 40re main, these rocks cannot be dated accurately out could 

possibly be of Triassic age. this rocks desorioed by Anderson and others 

(1955) include the Oraybeek mountain rhyollte tuft formed by' pelean 

eruptions. This rock is similar in texture and composition to the 

rhyolitic tuff pebbles occurring in the Chinle formation from 125 to 

150 miles to the northwest and east. 

The presence of fossiliferous chart pebbles is definite evidence 

that mortra cherty limestone or dolomite occurred in the southern source 

area. The fossils include fusulinids, brachiopods, brjosoa and, to 

lesser extent, gastropods, pelecypods, corals, algae, crinoidal materiel, 

sponges, ostraoods, and echinoid spines (Thordarson and Albee, in prep-

aration; ,cLee, 1936). k'usulinids include "arafusulins (Leonard and 
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febsaamrina (piddle and upper ftlfeamp and Leonard age, Permian). 

The met common brachiopod is the productid Dictroclostus (Mississippian-

Permian), which is perticllarly common in the Leibeb limestone and 

equivalent for-rations of Leonard age on and adjacent to the t:olorado 

Plateau. The most cor.mon bryozoe m'oo Fenestelle (Ordovician- 'ormian) 

and Rhabdomeoon (Carboniferous and **mien). Most of the bryosoa are 

types that occur in the Kaibeb limestone; a few bryosoa msy be from an 

upper ississippian rock. The agge include Missia sp. which is known 

only from the Permian. 

The large majority of the fossils in the pebbles are from rocks 

of Permian age; a few mow oe from 7OCKS of linnsylvanien or lississip-

plan age. :post of the brachiopods and bryozoa are types that occur in 

the Laibab limestone (Thor:lemon and Albee, in preparation; •40,444, 

1736). Fusulinids, on the other hand, are rot known from the Kaibah 

limestone (L. C. Henbest, written communication), and, therefore, the 

source of the fusulinid-bareiing pebbles must have been either a 

fusulinid-bearing facies of the Kvibab limestone in areas where it has 

since bean eroded, or strata approximately equivalent to the Kaibab 

limestone in other areas. Limestom eni dolomite of approximately 

the same age as the Who) limestone prooably origiraUy wire present 

throqelout southern Arizona, southwestern Raw Axico, and adjacent 

regions (McKee, 1947, 1951). These opproximate equivalents of tho 

aibab limestone of Permian age are (1) limestone of Aarsiam age in 

southeastern California (Thompson and Hazzard, 191i6) and southwestern 
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Arisona (.4oKee, 1947), (2) the Gains limestone, hpitah dolomite, and 

Concha limestone of *olfcasp, Leonard, and possibly Word age in south-

eastern Arizona Cooper, and 1954), (3) the :len 

Andrea formetion of ...uadalupe and perhaps Leonard age (McKee end ()tilers, 

in preparation) of southwestern Use Mexico, and (4) the AolfcaAp fora-

tion, Leonard formation, None Sprinis limestone, Hueco formetion, and 

“14.1 formation of Wolfcamp, Leonard, And Itord 8ge in the Trans-Pecos 

region of Texas (King, 1934). Yusqlinids are reported in these rocks 

in southeastern Californie, in southeastern Arizona, and in the Trane-

ecos region of issue; tusulinids include Schwagerina and 

?areasulina. Noth (1943) has identified species of Schsagerina in 

pebbles of the neektill group (a probable equivalent of the lower pert 

of the formation) in Texas. rheas species are knou today only 

in the Hueco end flolfcemp formations of the Trans-'ecos region. *her 

lore westerly fusulini,A-beering limestone units, however, probably 

contributed sediment to the Ghinle formntion. 

Quarts end quartzite pebbles may have been derived directly 

from quartz veins send qoartsite forms tions in the source areas or from 

conglomerate layers in sedimentary rocks in the source breas. The 

?recam!vian rocks of southern Prizona, coiposed of gneiss, schist, 

granite, and various types of metasedimentary rocks including quartsite 

(Dorton, 1925) are a likely source. :mace of the quarts and quartsite 

pebbles could have beer derived troll conglomerate layers which occur 

in the ersoaaabri*n and GamOrisn roakm (Lartor, 1925), and to a lesser 

extent In higher ?aleosoic formctions in Arizona. Stoyanow (1942) 
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mentions conglomerate layers of Pennsylvanian so containing boulders 

of Precambrian q aerteits in Oils county, Arisona. 

he occurrcr.ce of microcline in the lower part of the Chinle 

formation indicates that eo material oasis from a granitic source 

rook in the southern source area, or less Milli fres reworking of 

eiorocline..cearing sedimentary rooks in the genres area. 

The occurrence of quarts overgrowth on some quarts ereins in 

the lower pert of the Chirle formation indicates that some quarts-

hearing sandstone units were exposed in the source area. 

The Uncompahgre highland was a Orecembriar terrain oontainirg 

granitic and wstasedimentary rocks including granite, gneiss, schist, 

and quartzite. These rocks are exposed in the rejuvenated its of 

this highlt.nd (."h ticker, 1956; Larsen end Cross, 1956; and Montgomery, 

1956) and in many &Num directly underlie the formation. 

Locally around the flanks of the highland ?aleosoic rocks were exposed 

during Late Triassic time. 

tectonic cmtrol of le?asition 

Fluvial as lacastrine sediments, similar t' those of tNe lower 

part of the h.inle formation, ation1y occur in basins et thil foot of a 

large mountain range (fig. 47). The Tertiary basin of the :meat ?loins 

is filled with fluvial and laaustrine sandstone, siltatone, and clay-

stone and lies directly east of the Locky Kountains. The alluvial 

deposits of the Indo,langetic plain of Praia are in a basin directly 

south of tads high HilAalay* .4ountains (aadis, 1953; Krishnan, 1950. 

The lower part of the hitzle formation, as outlined previously, was 

https://highlt.nd
https://occurrcr.ce
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deposited in a basin lying directly north of the ':Logollon highlands. 

These occurrences of alluvial basins at the foot of mountain ranges 

suggest some genetic relation between the mountains and the basins. 

All three of these alluvial basins, that of the Ureat Plains, 

Indo.aenH otic plain, and the lower part of the Chinle formation, have 

several features in common: (1) the sediments are of fluvial and 

laouatrine origin, (2) the sediment was derived from the adjaeert 

mourtaAn3, (3) the deeper parts of the breins lie close to the moun-

tains (fig. 47), (4) the Mein is a linear feature parallel to the 

trend of the mountein veer. ">e, and (5) the sediments are largely 

deposited on a tectanicilly stable "shield" or platform area, or lap 

up on such t. platform, whereas the mountain area is in a tootonically 

unstable tree. On the °rept :loins, the Tertiary sediAents cover 

part of the stable interior platform of the Unitel States; in India, 

the sediments lap up on the stable ?eninsuls, or shield area, of 

southern India; and Ix_ the basin of the 'hinds formation, the emit-

ents eovsr the southern part of the ,7:olorado '1.eteau, a geologic 

41,18ton that has :men a stable tectonic block Gino* ?recambrian time. 

These basins in front of mountains can be explained as forming 

by deep vested thrusting of the mountains toward the stable platform 

area and cancatitant down-buckling of thl edge of the platform. In 

this respect, the mountain range and basin corresponds respectively to 

the island arcs and fore-deeps of the oentinental margins which have 

boom interpreted by some geologists as being produoed by deep seated 

thrusting of Vie continent seaward, and overriding and downwarping of 
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the crust in front of the thrust to produce the foredeep. Suess 

(in &rishnan„ 1956) has considere4 the Indo-isangetic basin as a 'face-

lose formed in front of the resistant Precambrian Shield of India as 

the rocks coprisini: the Himalaya Sountaine were uplifted end thrust 

southetri. If this explanktion is tape, the basin in the Ohinle 

formation could have ',men formed by down-buckling associated with 

thrustin of the toeoilon hizhland northward toward the resistant block 

of the (.41oredo plateau. Jownwarping of the basin would, in this case, 

accompany uplift of the highland. 

Climate 

The fauna and flora provide, perha as, the only reliable 01441 

of the climate during deposition of the lower part of the k;hinle foma-

tion. Aster must have been ample, judzing from the abundance of each 

aquatic animals as the pelecypod Unio, the amphibian rAipolor, and the 

reptile machaeroprofopus. nants such as the cycadophyte .alatemi-

opterist the sphenopsids Neocalamitee, and the gymnosperm Schilderia 

proosbly, grew in swamps (Daugherty, 1941, P. 33). Other animals tAnd 

plants probably lived on dry land. Daugherty (1941, p. 33) believed 

the climate to have *en of the savanna type, a tropical or subtropical 

climate with ample rainfall end A distinct dry OOSSOM jaugherty based 

his interpretation on the types of plants that inclado large ferns and 

conifers, as well as swamp plants, all indicatine ample rainfall. In 

addition, otrieherty considered that the cli3ato had a distinct iry 

season because of the presence of growth layers (tree rings) in the 

large conifers, because of the modification of some of the plants for 
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wind pollination, and because of tree presence of bark-boring beetles, 

most of rich today require dry fallen logs for hosts. joughertygs 

interp-etotion of a savanna climate with ample rainfall and a distinct 

dry season agrees with the evidence from vertebrate romains which 

indicates largo water courses and adjoining dry land areas. 

Upper part of the .nle foraation 

The up,Jer part of the Chinle formation consists dominantly of 

reddish-brown horizontally bedded siltstone, and minor amounts of lime-

atone, horizontally laminated, ripple-laminated, or wavy-stratified 

siltstone or sandstone, cross-stratifiod (fluvial, sandstone, irregu-

larly bedded limestone pebble conglomerate, sin cross-stratified 

(eolian) sonistone. This port of the formation was probably deposited 

mostly in a large shallow lake. Locally fluvial and eolion *posits 

formed. The main source *roan mere the Uncompahgre and ?rant Bangs 

highlands of :olorodo, although some debris was supplied from the 

Megollon highland of southern trisona and adjacent regions. 

environment of deposition 

The types of racks and fossils thct oompozo the apple, part of 

the ‘;hinle formation are used in reconstructing the environment of 

deposition. The fossils indicate mainly a fresh water environment of 

lakes end: streams. Based on the rook types present, the upper pert of 

the formation conteinh lake, strew m, and eolian deposits. Much of the 

seamen' 14hy haw been deposited in a subaqueous *dolts" formed in a 

shallow lake. 
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Fossil evidence 

The fauna and flora of the upper part of the Wiinle formation 

is much inpoverished as oompared to that in the lower part of the 

formation. Some types of fossils that occur in the lower part of the 

fomation do not occur in the upper part; the number of fossil indi— 

viduals in the upper part is :-..och less then in the lower part. The 

fossils that do occur in the upper part are, with a few exceptions, the 

same types as those that occur in the lower part. The decreased fauna 

end flora of the upper part has beAn interpreted as an indication of 

increased aridity (Daugherty, 1941, p. 28). Although the climate may 

have been, at times, more arid, the most likely explanation of the 

ispoverisned fauna and flora is poor conditions for preservation in 

the upper part of the formation. 

2,blecypods and gastropods occurring in the upper part of the 

Ghia, formation are fresh water forms. These fossils are the :wet 

abundant types occurring in the upper part of the formation. The 

pelecypod Unio, which occurs in limestone of the Arl Rook mether and 

in siltstone, sandst. , es and limestone pebble oonzlomerate elsewhere 

in the upper part of the formation, lives today in lakes rnd rivers, 

and probably has been a fresh water fora throughout its geologic 

history. The gastropod Triasannicolai which occurs in the limestone 

of the 44, kook member, has been called a fresh water fors by ton 

and **side (146). 

Vertebrate remain!), including fishes and reptiles, indicate 

aquatic 1'4.! to a lesser extent dry land forms. Fish remains, which 
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(wear in the narrow belt of fluvial sardstone of the upper part of the 

formation extending from southwestern ',;oloredo to central Utah, ars 

apparently fresh water forms, based on their association with other 

fresh water fossils. Alkotile remains include the phytosaur ;4achaero-

prosopus, which is a fairly common fossil, and yet', pothorax and 

Coeloohiyais which are known from only one locality each. Uacheero-

prosopus was a crocodile-like form that lived it. streams and alone 

their banks (Camp, 1930; Colbert, 194r. Epiothorax WS8 a low-lying 

reptile that probably lived mostly on land ((Albert, 1950, p. 63). 

Coalophysis, which occurs in beds transitional aetween the lower and 

upper ?arts of the formation In nort.-central ;ve.,-. Mexico, was probably 

an agile dry land form (Colbert, 1950). role reptile remains mostly 

occur in fluvial sandstone uncl conglomerate units, commonly in liae-

stone pebble conglamerabe. 

Fossil plantu are rate in the upper part of the Chinle forma-

tion indicating either that wost of the basin was under water at this 

time or that conditions for preservation were poor, or both. ?lent 

fossils in the upper part of the (;hinle formation include only a few 

re..:Ains of (made (Hills, 1880, p. 490), and of conifers and a possible 

palm tree (3r7wn, 1956). These fossils indicate that a few dry lend 

areas existed during deposition of this part of the formation. 

Most of the fossils in the upper part of the Chinle formation 

are aquatic fresh water forma and only a few are dry land or nueland" 

?erhape most of the sedimentary basin wee under water at this 

tine an .and areas were minor. The lower part of the Chinle formation, 



in comparison, probably contatned many dry land areas, edging from 

the common occurrence of *uplarxi" vertebrate remains. 

jridin of horizontally stratified siltstone and 

isinALIDAEtent 

The domimnt litnologic type in the upper part of the 

forfi/Ation is pale reddish-brown horizontally stratified coarse silt-

stone and very fine-grained sandy siltstone. The siltstone and sandy 

siltstone occurs in poorly defined horizontal bed from less than a 

root to 4 feet thick. No fossils ere known from these rocks. 

The horizontally stratified siltatane and sandy siltstone 

occur interstratified„ in the hr1 Rock member, with limestone that 

sommonly contains fresh water fossils such AS the pelsoypod Unto. 

the limestone beds are considered to be lake de,osits, and the hori-

zontally stratified siltstone and sandy siltstone, because of their 

association with the limestone beds, may also be lake deaosits. 

The type of bedding in the 'Milton* and sandy siltstone is 

indicative of quiet water deposition as would occur in a lake. Some 

lake sediments uantain delicately layered sediments (Iradley, 1929; 

Hough, 1958) whereas others contain indistinctly bedded or unlaminated 

sediments (Hunt and others, 1953; tough, 1958) similar to that in the 

siltatone and sandy siltstone in the upper port of the Chirp for:Ation. 

The siltstons and sandy 3iltstone are, on the other hand, not 

typical lake deposits. Most lake deposits are extremely fine-grained. 

;he Brain size is generally from 1 to 5 microns in present day or 

.suaterrmwo, lake deposits (Lowry, 195k; hunt and others, 1953; 
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Hamilton, 1951; butte, 1957; Haugh, 1958) whereas the grain sise in 

the siltstons and sandy siltstone of the upper part of the hinle 

formation ranges from about W) to 80 microns (Harshbarger ard others, 

1957; Cadigen, 1957a). The grain six* or the material in the silt-

stone and 'lardy siltstone is sdproximately that which is carried in 

suspension in streams (Sykes, 1937; Colby f%nd others, 1953; Fisk and 

tieFarlen, 19541 Johnson, 1921). In addition, most lake bottoms contain 

abundant decaying vegetation that produces reducing bottom conditions 

(Hutchinson, 0. I., 1957). Bottom sediments., therefore, contain ferrous 

iron instead of ferric iron (Twenhofel, 1926), end the colors of the 

sediments in this reduced state are gray, greenish gray, or black 

(Hough, 1958; :iunt and others, 1953; 4radley, 1929) and not red. The 

alltstans aro sandstone of the upper pert of the Ghinlo formation, in 

comparison, oontains ferric iron in the mineral hematite, and the color 

of these sediments is red because of the presence of this he'tatite 

pigment. No organic material is present. The hematite it the 'ali-

ments Ard lack of organic material indicate oxidizing conditions during 

depoFition, in contrast to reduoinev conditions in most lakes. Red 

sediments, however, do occur rarely in lake sediments. Houih (1958, 

R. 69-75) describes -ed clay containing hematite in a lore of ths 

sediments of Leke mic.ligan from 350 tl 1050 cm below the surface; the 

overlying layer is gray. 

If the sandstone and sandy siltstone are mt typical lake 

deposits, how then did they form? This question carnot be answered 

with any assurance, but the following hypothesis is presented as a 
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possibility. The lake or lairs in which the sediments were dayosited 

spy have beer extremely shallow, and the amount of voter entering it 

large. The deposits of fluvial sandstone that extend in a narrow 

elongate ')elt froa southwestern Colorado to centra Utah ere probably 

the deposits of the largest raver enterir Via lake. The deposits of 

this river extended well out into the lake, in a manner similar to the 

present subdelta of the Atississippi Flyer which extends about 65 miles 

out into the Oulf of Mexico and is only about 15 miles wide. The 

narrow elonote belt is also very similar to the "Red $mitord Leltaw 

described by. Pepper and others (1954) in the Assissippian rocks of 

Ohio. The eiltstone and sandy siltstano rlay twit!. ewer deposited as a 

sort of subiAqueous delta de,)osit extendini: away from the delta or sub-

delta of Vis miller river. The splbaqqeoas delta, instead of beir 

conimsed of 6ottoeset, foreset, enl tapset beds, consisted almost 

entirely of bottamset beds; th, lake was too shallow for the develop-

siort of foreat.t ;..nd topset The ides of a deltaic origin of the 

siltstore and sandy siltstone is supported oy the grain else aL" these 

rocks which is in t range of that -;:arried in suspension by streams 

and that comtorly occurring on deltas (Johnson, 1921; Fisk and 

irarlar, 1954). 

Oxidising elnditions would probably exist in a lake like that 

hypothee7ed of:cause ot its shallow depth and because of frequent inflow 

of oersted river water. Thus bottom conditions would be oxidising, 

and vekettion would decay rapidly. aottom faunas would be scams 

oecsuse of frewent additions of turbid waters, and their remains even 
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scarcer because of easy decay in the oxidising waters. 

The siltstone and sandy siltstone of the Chinle formation may 

have been deposited in a manner similtr to the subaqueous part of the 

!bang Ho delta of China which is built out into the 'fellow sea, except 

that in the ,:hinle formation t:m water body was fresh and not ;urine. 

The subaqueous plain of the 14wang ?4o delta is flat end of a very low 

gradient; water depths of 30 feet occur 63 or 90 miles off shore 

(1taelegan and Kielbein, 1949; ounber and ogers, 1957, p. 6384). 

The delte is composed of silt and sandy silt that is carried as sus-

pended sediment in the *rang Ho river. the suspended sediment is 

carried, presumably, for long distatees out to sea across the flat 

subaqueous pet of the delta before settling out. The shore has no 

distinguishing features, such as beach sands, because the gradient of 

the sea is so low that the energy of the waves is dissipate.' before 

reaching the shore and breakers do not form. The iiweng Ho delta, 

therefore, is forming in the manner hypothesised for the deAsita in 

the upper part of the ;hinle formation; a large eilt-laden river is 

emptyine into ar, extremely shallow body of water. 

priiiin of limestone 

Limestone occurs in thin to thick borisontal bode interetratified 

with reddish-brown horisontally stratified eiltstone and sandy siltatone 

in the rwl hock member. The limestone in places is a calcite and dolo-

mite replace want of water laid glassy volcanic sandstone composed 

originally of subrounded to rounded grains of i)orphyritio volcanic lock 

and pumice set ins finer grained matrix. Other limestone is caloareous 
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arkosic or feldspathic siltstone in which the carhomte cement mineral, 

which fills interstitial sp;., ces, constitutes a 'pro part of the rocK, 

or in other rocks occurs only as irregular patches. Some of the lime-

stone beds may have formed by the growth and coalescence of limestone 

nodules; all gradations occur from layers containing a few soattored 

limestone nodules to layers containing a tight ooalesood mess of 

nodules. 

The limestone is considered to have been deposited in lakes, 

based on the contained trash water fauna including the peleoypoi 

The formation of the limestone is not by the usual methods of precipi-

tation of carbonate minerals or of accumulation of calcareous organic 

debris. Apparently the limestone formed in a lake whic, was nearly 

saturate with carbonate minerals; durinc a diagenetic process the 

carbonate minerals in some places replaced the preexisting tuff node 

or in other places filled the interstitial spaces in siltstone. 

Perhaps only rarely did the carbonate minerals precipitate directly 

to form a pure or nearly pure limestone bed. 

Origin of horizontally laminated, ripiao-laminated, and. 

wary.stratified siltstone end sandstone 

Horizontally laminated, ripple-laminated, and wrvy-strstified 

siltstone end sandstone occur as thin to very thick beds interstratified 

with the horizontally stratified siltstone and sandy siltstons, and to 

a lesser extent with other lithologic types in the upper part of the 

ftinle foroation. Both parallel, generally asymmetrical, and cusp 

ripple marks occur. Some beds are evenly laminated; in other beds the 
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laminas or thin beds exhibit a vague waviness an their stratification 

planes. 4udcracked surfaces, worm borim.,:e, and raindrop impressions 

occur locally. 

These ailtstone and sandstone beds probably wore deposited 

mostly in shallow bodies of water, perhaps in the subaqueous near.shore 

dart of a delta, and locally in streams. Current action was marked 

as is indicated by asymmetrical parallel ripple marks and cusp ripple 

marks. The wavy-stratifted rocks may also have been proluced by 

current action; %he wavy.stratification may be disrupted ripple marks. 

The even horizontally laminated strata probably was formed by reworking 

of sediments in shallls water by currents. The cusp ripple-laminated 

strata probably formed in shallow strew* with k silt or fins sand 

bottom much in the same manner that the cusp rid :10-:narked strata in 

the loser pert of the formation formed. The presence of mudarackod 

surfaces and raindrop impressions indicate that et times thft sediments 

were exposed to the air. 

As outlined before, the upper part of the ,,;hinle formation may 

have formed as a sort of eut)squeous delta in a large shallow lake. 

The horizontally laminated, rip le-laminated, and wavy-stratified silt-

atone and sandstone may have formed in places where the surto,e of the 

delta was covered by only a thin layer of water or at times when the 

delta surface was dry land. Current action in the shallow water led to 

the development of evenly laminated, ri.)40.1atainated„ and wavy-stratified 

layers. Some of the ripple-merked layers, particularly those with cusp 

ripples, may have formed in streams flowing across the top of the deltaic 

plain. 
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Origin of limestone and siltstone pebble conglomerate 

and caloarenite 

Limestone and siltotone pebble conglomerste and their finer 

grained equivalents, calcsrenites, oonsist of irregular lenses, gener— 

ally froal 0.5 to 3 test thick, composed of pebbles, granules, or 

coarse to very coarse grains of limestone, silty limestone, and silt-

stone set in a limy arA silty matrix. Aaptile mooing are oommon in 

these lenses. 

The limestone 8nd siltstone pebble congLmorate and oalcarenite 

are composed of material of local derivation. they probably represent 

reworking of underlying layers by stream action at ti:.ee when the delta 

of the upper pf,rt of the i.;hinle formation was a subaerial plain. 

Johnson (1921, p. 33) has desorit)ed the breakini up of hard silt layers 

oy stream action on the delta of the 'rseer giver, Canada, into small 

:aasosl which are then rolled along the bottom of the stream and become 

sqbangular to rounded fragments* The original hard silt layers are 

older Aledosits of the same delta. This breaking top and rounding of 

fragments noted by Johnson may be similar to the formation of lime— 

stone and siltstone pebble congloserate end caloorenito in the Chinle 

forwktior. 

Jrigin of trou&h cross—stratified sondatones 

Trough crose.stretified sandstone is fairly common in the upper 

part of the Chinle formation, but has a spotty distribltion. It foms 

the main part of the dlack le di e and Ate bed, both thin widespread 

units, in southeastern jtall and, in tAddition, is the dominant litnolcric 
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type in the narrow elngate belt exterling fro* southwestern ,:olorado 

to central jta'a and in some other areas of the .161orado 2-1.teAq. The 

trough crofts-stratified sandstone reivesents stream deposits, based on 

the Lype of cross-strata, on the tydes of contained fossils, and on the 

presence of' channels in acre areas. The black ledge and rite bed are 

probably braided stream deposits similar to the 5hinarum? End :Ross 

4sca memOers, although they are finer grained and contain more silt-

stone layers then the ihinerump and mss Beak members. The narrow 

elonotte "elt of sanistone extending from southwestern ;o1,..)radc.) to 

central Ute': ciintains irregular len'es or tabAlar-shaped eendatore units, 

which commonly fill channels mil commonly are associated with rip-Atle-

laminated (comonly cusp ripples) or thin-bedded siltstono and sand-

stone. This tpys of deposit is more suggestive of a meandering stream 

deposit thar of a braided stream deposit. As suggesteri previously, 

the river or rivers flowing ir this belt may have been the main river 

aroarti which the supposed deltu of the upper part of the •;hinle 

fonaation formed. The amount of cross-stratified and ripple-laminated 

siltatono an4 sandstone gradually dec..casms outward on ooth sides of 

this belt if!-!. 43) S'igesting grodually deepening water on both sides 

of the ma tor river. 

jrisin of_Elanar cross-stratified sandstone 

Units of cross-stratified very fine- to fine.grained sandstone 

occur in the Church ock member in a rotiion along the Arisona.New 

*erica state line in northeastern 4eisorAt and northwestern New zexico. 

The sandstone occurs in units from 13 to 50 feet thick containing 
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cross strata of the tabular planar type, although trough croso-strats 

also occur. The sandstone in these units is or identical, to 

that in the *ingots sandstone of which some units are tongues. The 

Wingate sandstlne is, therefor,: considered in the qiscussion low 

along with the units in the Chinle formstion. 

These crass-stratified sandstone units are oorsidered to be 

eolisn sand dune deposits. This intervetation is Used lareely on the 

type of cross-strata which is *Wine to those in modern dunes. lodern 

/Awe are calposed dominantly of cross-laminae which have beer; doi.)osited 

on th, doom/mind side of the dune and dip gerarelly 31 to 33 degrees 

downs/find. The cross-strata in the *invite sandstone end related units 

in Vle Chirle formation arse similar to cross-strate in modern dunes 

illustrated tly .,,Ae.es (1957, fig. 20-22, :'late 3), Baznold (1)43, ?lets 

l4b), Jones (1953, fs , 3), Thcapaoh (1937), Huntington (1907, tats 36, 

ftz. 2; ;'late 38, fit. 2), and Beadnell (1910, fig. 11). in addition, 

ripple marks (fig. 12) which are interpreted to be *alien in origin 

occur in the An:ate sandstone in woof.-osntral New Mexico. This send, 

atone is apparently composed of units laterally equivalent to the church 

Sock masher (see discussion under Stratigrephy section). The ripple 

marks have a ripple index of 1145 which is characteristic of oolian 

ripple marks; aqusoas ripple arks have Indexes generally betimeon 114 

and 1110 (Una* and %c her, 1926). wurther evidence of solar origin 

is the occurrence of s ia11 verte6rste trackways (Hershbarcer ani others, 

1957, p. 12) in the *ingot* sandstone in the 7iefiance uplift. These 

trsckwaye occur on cross-strata and indicate tnpt the crone-strate 



 

163 

formed ander subserial conditions. of the fossils in the upper 

part of t)te „Ihinle formation indicate dry land conditions showing thrt 

a suitable environment existed, at least at times? for the development 

of sand dures. 

Tabular planar cross-strata are the dominant tyoe of crass-

strata in the eoliar lareistons units in the Chinle formation, Angst* 

sargistonn, retry other ancient and aadern solian units (z;hrocks 

1948, fig. 219; 'itagnold, 1943, ?late 15; ,:iregory, 1950, fig. 41, 42, 

48c end 119; 73.1ntin to-,, 1907, Plate 37). these cross-strata probably 

forAO in transverse dunes much in the same way that tabular planar 

oroes.strata develop in trtnsverse hers in streams. Transverse dunes, 

as used in this report, are lore linear ridges extending in a direction 

at rtzht angles to the wird direction. Thiry have a long gently dipping 

uJwind sly and a short steeply dipping dowrviod sive, on which the 

sand rests at the angle of moose. Tranlverve dunes occur in some 

present day sand dune are .*s (see Cooper, 19'A, p. 27, for listing of 

wcurrerces), but do not ti/pear to be the do inert type of present ley 

darn. The formation of the cross-strata is sim'lar to that in trans-

verse bars in streams; the sand is tra, sportod u!) the gentle back 

slops 0 the transverse dune and deposited on the steep downwind face. 

As the lune advances forward by de.vsition on its downwind face, a 

cross-stratified is;osit is left oehind. 

Troth cross-strfe_a area secondary ty* of sonar cross-streta 

in the Chine form an and Angst* sandstone but are fairly common in 

other ancient eel notem eolian deposits (Woe, 1957, fig. 22; Huntington, 



1907, Plats 36, fig. 2; Uregory, 1917, Plate 12A; Gregory, 1950., fig. 

48A and 3; Almeida, 1953, fig. 5-8). These cross-strata probably fore 

in barchan 'tunes much in the same way that trough cross-strata presum-

ably develop in arcuate bars in streams. Barchsn dunes are crescent-

shaped features with the two arms of the crescent extending downwind. 

literohan dunes or duns complexes are common in present day dune areas. 

In plan view, eoliar trough cross-strata are arcuate with the clrve-

ture downwind, as are Digo the cross-strata in modern birchen dunes 

(AcKes, 1757, fig. 20). The cross-strata are formed by transportation 

of the sand up the beak side of the barchan dune and deposition on the 

downwind side. The cross-stratified detAosit in left behind as the dune 

is built forward. 

Transverse dunes find tabular planar cross-strata nost likely 

develop in regions of steak winds that blow in approximately the same 

direction throughout the year. Buchan dunes and trough crose-strata, 

on the other hand, most likely develop in regions with gusty winds or 

sir', th variable directions during the year. This explanation of 

the u4fferent conditions that form tabular planar and tro40 amssiD 

strata is similar to the explanation of the conditions that produce the 

different types of ril) le marks and aqueous craws-strata. Parallel 

ripple marks and both aqueous and collar tabular planar cross-strata 

are formed under conditions of smooth an steady currents. Cusp 

ripple marks inJ both aqueous sni eolian trough cross-strata form under 

conditions of fluctuating and veriaAe currents. 

Horisontal stratification planes are common in the invite 
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sandstone. In addition, far* tops of the molten units in the (.41inle 

formation are flat planes. These flat planes cut across the tad sur-

face of the dune deposits truncating the cross-strata. These planes 

commonly extend for a mile or more. In places, they are doUbtless pro-

duced by subaqueous planation, es for example in the upper part of the 

Chinle formotion where dune brows wore cove red by lekes. In other 

places, ?brticulerly in the Wingate sandstone and similar unit:, the 

flat surfaces may have been produced by wind erosion that leveled off the 

tops of the dunes arm': produced a level surface or semi sheet (Begnold, 

1943, p. 243). :such level areas (sand sheets) are particularly common 

in the sand dune region of the Libyan Desert (liagnold, 1943). 

The source of the sand in most widespread send dune regions is 

upwind arenaoeous sedimentary rocks. In the Libyan Desert, for example, 

the sand that forms the vast sand dune region is derived from Tertiary 

areneosous deposits to the windward (northward) of the dune deposits 

(ftednell, 1910, p. 382). Similarly, the send that formed the eolian 

units in the Chinle formation was probably derived from upwind deposits 

of siltstone and sandstone in the upper part of the Chinle formation. kind 

directions in the eolian units are generally to the southeast indicating 

a spume or the sand to the northwest. Apparently at times when the lake 

or lakes of the upper part of the Chinle formation partly or entirely 

dried up, winds blowing to the southeast pioxed up sand and deposited it 

in a dune region in the southeastern part of the basin of deposition. 

The eolian units show a cyclic pattern of deposition (fig. 48). 

The cycle starts with deposition of a thin to very thick horisontally 
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bedded siltstome and sandy silt-stone unit which is aomvlonly 50 to 100 

feet or :.Aore thick. This is followed by deposition of t unit of 

horizontally ltminated or wavy.laminsted sandy siltstone and sandstone 

generally from 5 to Z40 fleet thick. The latter layer locally contains a 

few ripple-marked strata. Filhally, sn eolian unit is deposited. It 

ranges in thickness from 10 to 50 feet thick. 'he next vole is then 

started by deposition of a snit of a thir to very thick horizontally 

bedded siltstone and sandy oiltstare. At Chee Dodge in the Defiance 

Uplift, this cycle in redeated four times in the Church took member. 

This cycle is interpreted to caused by the graduel drying up of a 

body of water, followed by dune for /HA finally by the return 

of the lake waters (fig. 48). The horizontally lamIntted layers below 

the eolian units are probably shallow water deoosits formed in the 

dissipating waters of the lake. 

?alisogeography 

The math source areas of the upper part of the :'hinle formation 

were the Uncompahgre and Front Sane highlands of Colorado and adjacent 

regions and the Aogollon highland of southeastern Arisona and south-

western liow Asti co. The Mogollon highland apparently supplied much 

less detritus than during depositior of the lower part of the for. o-

ttani. The Uncompahgre end Yront Range highlavis are oomposed of 

igneous and Aetseedimentary rooks; the 14:ogollon hiOland probably 

mostly of volcanic racks. ?erhaps a land area rose in northwestern 

Arizona and southeastern stah at the close of de )osition. 



Location of source areas 

The location of the source areas of the upper port of the 

Chicle formation is indicated by the direction of stream flow, by the 

distrIbution of clay types, by the presence of sandstone layors, and 

by strathraphic breaks in the supposed source areas. 

A source of eediment in the Jnconpahgre highland of western 

floloraio and north-central hew lexica is indicated by the direction 

of stream flow (fig. 39).':.trees~` directtone ate to tne northwest 

in and near the narrow elongate belt containing abundant fluvial 1144— 

stone that extends from southwestern ;olorsi-o to central Utah. These 

stream directions indicate a highlard to the sauthilast. In addition, 

the strata in the upper part of the Chinle formation in its eastern 

area of deposition contain chlorite as a rainor constituent, whereas 

to the west they do not. The chlorite wee. most likely, derived from 

*rosier. of Precomorian igneoss and metamorphic rocks in the source 

area. Finally, the Incompahere highlw,d is known to hive been a land 

Sass durinc much of late Pale:Acic and early MODOSAC tine (111140,4 

1933, 1993)1 and thus its existeyve during deposition of the upper 

part of the Chinle formation is likely. 

The Front Pan-is highland of central Colorado also contributed 

nedicent to the upper part of the fdlhinle foliation. Stream directions 

In th4 Aortra member of the Chinlo formation are to the northwest, 

indicating a source area to the southeast, most likely in central 

.;oloredo. The i,rtrs member directly amerlins typical red beds or 

the upper part of the formation. Chlorite also occurs along the 
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eastern margin of de)osition of the Irdper pert of the formation near 

the kront Range, but not in areas farther to the west. The chlorite 

probably indicates closeby erosion of igneous end metamorphic racks. 

In addition, the Front Psnife highland was a p•prsistent land muss through-

out Valeosoic ark. !,:asosoic time (Love ring and Johnson, 1933, p. 372), 

and thus the preserce of a highland hoe during deposition of the upper 

part of the formation is likely. 

Some material was also derived from the mogollon highland. 

This source is indicated by the presence of an increasing amount of 

montmorIllonitic clay in the upper part of the formation toward the 

south. As outlined before, the zott:/orillonitic cle-,; in the lower 

part of the formation was mostly derived from the devitrification of 

glassy volcanio detritus, and this volcanic material had a source in 

the 4ogollon highland. hn addition, fluvial sandstone =its occur in 

the upper pert of the formetion neer its southern limit along the 

risota-Mes Mexico state An* (fig. 43) indicating a clIeeness to a 

source area. The tvs,ount of zontmorillonitic clay in the upper part of 

the formation, however, is muoh less then in the lower part, imiicetirg 

that the :14o1L3.n highland was less extensive, and had less relief and 

golcanio activity during deposition of the upper part of the formation 

than during deposition of the lower part. 

A land area may have formed in northwestern Arizona and south-

western arch in the olosir,' states of deposition of the :ktinle formation. 

Stream directions in the rite Nod, a fluvial unit IA the top of the 

Chinle totalities, are, based on four cross-strata studies, to the 
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northeast. AlVough the evidence is inconelusivo, the Hits bed may 

have been deposited by streams flowing to the no and derived 

from a lend area in northwestern Arizone and southwestern Ash. In 

sup tort of this view, an unconformity exists oeteeen the L;hinle forma-

tior: and t'le overlying units of the 41or. 'a ,yon group in the region of 

the ellpposed 'find area in northwestern Arizona knd southwestern Utah. 

Terrain of source areas 

The Uncolapahgre and r ront k rc,e highlands consisted of ?re-

cambrian igneous and meteselimentary rooks, based on the type of rocks 

now exDosed in these areas (Shoemaker, 1956; Larsen and Cross, 195x; 

Aontgomery, 1956; Lovering and t.loddard, 1950). Oranite, gneiss, sohlst, 

and coartsito are the zain types 3t rocks exposed. ealeozoic 9edi-

entary rocks were locally' exposed around the flanks of these hiOlands 

during Late Triassic time. 

The main type of rock formed from the material supplied from 

the 'Uncompahgre and Front newe highlands is ills tic arkosic siltetons 

and sandstone. The arkosic character of these rocks is a reflection 

of the source terrain which contains feldspar-rich rocks such as granite 

and gneiss. The apuniance of illite, however, cannot be so easily 

explained. Some of this illite wee probably derived from weathering 

of the granitic and metasedimentsry rocks of the source areas. The 

soils develapei on these rocks directly below the %;hinle formation, 

however, contain limed layer illite-lontscrillonito as the dominant 

cloy. Apparently these mixed layer clays which were eroded and carried 

into the basin of deposition were *hanged by diagenstie attention to 
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illite. This diagenstio change may have taken place in the lake 

hyoathesimed for the upper pert of the formation. As outlined 

by Milne and *!..arley (1958) and Keller (1956, p. 2703) Mite is commonly 

altered to other clays in a marine environment and presumably co4ld 

also take place in a fresh waiter envirorment. in addition, sof,* of 

tie clay may have been derived from older red beds that flank the 

Uncompahgre and Front Reno highlands. rho rust co anon clay in red 

beds is illite (Van Houten, 1948; Schultz, in press; Hooks and Ingram, 

1955), and the igoenkodi formation tit underlies tn., .1ninle formation 

close to these highlcnds oontaine Mita as the dorainant clay (ohultz, 

in prees). 

The 4ogollon highland probably was mainly a volcanic terrain 

similar to what it was during deposition of the lower part of the 

;hinle formation. The supposed land area in northwestern Arisona 

and southwestern jtah probably supplied a small amount of material 

derived from the uppermost oeds of the Chinle formation. 

Climate 

The climmte during dadosition of the upper part of the Chinle 

formation was probably essentially the sale as t-i-t during the deposi. 

tion of the lower part of the formation; that is, c szvenna climate 

with ample rainfall and a distinct dry manor. The fossil types in 

the upper pert of the Chinle formation are mainly the sans, although 

less in number, as t%oee in the lower part of the formation, indicating 

a similar climate. 

The presence of sand dune deposits in the upper pert of the 
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Chinle formation suggests ease inert/see in ari-lity as compared to the 

lower part of the formation. Further, the Uhinle formation is overlain 

by, and in some areas intertongues with, the thick widespread waist 

deposits of the *innate sandstone. Such extensive deposits of soli= 

sandstone are forming today '.nly in vest desert oedors ;tying generally 

between latitude 30°N. and 303 Perhaps, therefore, the climate 

during deposition of the upper pert of the forAation was 

initially a tropical savanna type and chaned gradually wit ti: e 

desert type. The desert climate probably prevailed throughout the 

deposition of the overlying eolian deposits of the $.1ingsto sandstone. 

At first glance, tle change from a tropical savanna Climate 

to a contrasting desert cliaRts seeas illogical. Line might expect a 

charie to a more moderate (situate and not to the extreme desert climate. 

However, the pert of the earth that today lies between latitudes 300 

and 30° S. exhibits this same juxtaaa3itior of cJvtrasting climate 

types. The region of the earth oetweer latitudes 30° N. and 30° con-

sists of 50 percent tropical miny climates (savanna and rainforest 

climates), 37 percent dry climates (desert end semiarid or stem 

climates), 7 pArcent humid subtropical climates, and 5 percent of 

undifferentiated climates in highleinds (calculated from Trewartha, 

1954, P1. 1). Some of the most extreme desert regions of the earth 

today lie adjesent to tropical regions. A. climatic shift from tropical 

t4 oesert in the up,ier part of the ,Tide formation. the need 

not be considered unusual. 

I 
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Origin of red beds 

The origin of red beds has been a subject of debate for maw 

leers (Van louten, 1968, gives a mammary of many of the theories of 

origin of rod beds). In roost years, Van Holten (1948) and Krynine 

(1735, 19&i9, 1950) have mode comprehensive studies of the origin of 

red beds. 3oth of these authors have pointed out that the fossils 

contained in rod beds indicate a humid tropical climate. Krynine (1935) 

showed that red olods are forming today in humid parts or southern 

:-.3xieo. Hare the red color in the sediments is derived fro,a erasion of 

red lateritic soils rich in hematite. Krynine (1935, 1149, 175)) con. 

eludes that tae sed color in most rad beds is derived from erosion of 

rod hematite-rich soils in the source area, and trammrtation of the 

hematite into the area of deposition.. The presence of mud orecke And 

oasts of salt crystals indicated to Krynine (1949, 1950) that occasion-

ally the area of ieposition wi4s dry. Krynine conclIdes that the most 

likely climatic conditions for the formation of the Triassic red beds 

or ..,:onnectieut was a savanna climate. 

In general, Krynina's and Wen iioutenss ideas on the on of 

red beds seem to apply to tn. upper pert of the Chinle formation. As 

outlined previously, the climate was probably of a savanna type, although 

desert conditions may hen* prevailed during deposition of the uppermost 

part of the formation. The source rock on t'se jncampehgre and r*ront 

hang* highlends was dominantly granitic rook and estasedimantary gneiss 

and schist in which the iron content is probably fairly high and on 

which hAmetite.rieh soils could easily form. The mottled strata which 
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occur directly below or in the b,Atam few feet of the Chinle fomation, 

Are omsidered to be a soil sone, and contain abundant hematite. In 

adiition, many of the 'enneylvanian and .amien rocks which were exposed 

on the flanks of the Incompahgre end :rant :cane highlands are red pods. 

these red beds could have supplied hematite-rich detrital material 

dirsAly to the Chinle fomation, or hcaatite-rich soils could hPve been 

developed on them. 

£ possible objection to furynire's and Van Houten's ideas is 

that the rain clay mineral in red 'yds is illite, whereas ksolinito is 

the dominant clay of red soils developed in e tropical or subtropical 

climate (grim, 1953) and for that reason should be the dominant clay in 

sediments derived from these soils. In addition hydrated aluminum 

oxide minimills, which are characteristic of tropical lateritIc soils, 

have not been reported in the .;hinle formation. The dominant clay in 

the qpper part of the Chinle formation is Mite, although montmorillon-

ite and mimed layer montoorillonite-illite also occur. Mite is also 

the tominant clay in the red beds of the ik:oenkopi formation of the 

Colorado ?lateau (Schultz, in press), in other red beds in the western 

qnit*d .,tats (Van Houten, 190), and in the :rissole rocks in the 

eastern Jnitod States (Eooks and Ingrorwa, 1955). Hooks and Ingram (1955) 

have suggested that the clays in the Triassic rocks in the eastern 

Jnitoi ,Aates were derived from immature red soils of a savanna climate, 

and this er)lanation appears to have application to the Chinle forma-

tion. Schultz (in press) has shown that the soils developed on 

.'recembrian rocks directly below the ethinle formation an the Uncompahgre 
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tlatea in :olorada, from which some of the sediments of the apper 

part of the 'hinle for.,Ation were derived, contain mixed layer 

wont- orilloniie-illite es the dominant clay. nupposedly this mixed 

layer clay was converted by diagenetic processes into illite in the 

basin of der,asition of the upper part of the Chinle formation. Schutt' 

slip faand that locally pre-Chinle eails developed Away from the source 

area within the basin of deposition of the Chinle formation contain 

kaolinite as the dominant clay. ?erhaps erosiun in the source area 

was too rapid to allow the development of mature kaolinitic soils end 

partial *minoring produced instead immature soils with mixed layer 

montoorillanite-illite clay. *here =lathering was sore co:.4plete, as 

locally may from the source area, kaolinite was formed. Thus the 

chaste might be characterised as capable of producing mature kaolin-

itic soils but only rarely and locally did weatherini continue long 

enough to reach this enA product. 

Another possible objection to rirynine'n and Van Ho; ton's 

ideas is the presence of possible dry climate features, such as 

gypsum and eolian deposits, in red beds, *areas these writers saggest 

that the climate is tropical. 4psum is characteristically associated 

with red oeds (Krumbein, 1951), srd although gypsum is absent in the 

upper part of the Chia. formation, the presence of sand dune deposits 

indicates probable local rf conditions durin67, the 4,-,)osition of this 

part of the formation. Perhaps, as suggested by Dunham (1953) in his 

discussion of red :weds of Persian and Triassic age in 3ritain, the 

source area had a distinctly different climate from that of the 
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adjoining basin of de,osition. '.he source area may have had as tropical 

*limits where=as the basin of deaosition had * dry, perhaps locally 

desert, climate. The soums area stood higher than the basin of 

deposition, and thus Gould have received more rainfall than the basin 

of deposition. such a situation exists today in Celifornia where the 

average annual precipitation in the hi'.7.her parts of the Ammo Swede 

is 50 to 70 in. as compered with 15 to 20 in. in the adjoining Sacra-

mento Valley (Sprague, 1941, p. 795). Also, as discussed previously, 

in the low latitude regions of the worlc today, desert regions com-

monly occur adjacent to tropical 'legions. 

Although the evidence is rot concluaive, the red beds of the 

upoer part of the t.hinle formation probably derived tneir color from 

erosion of immatare red soils developed in a tropical or subtropical 

climate and also probably from preexisting rod beds in the source 

area. The olimate in the basin of deposition may at times have been 

drier then the supposed tropical climate in the souroe area, thus 

accounting for local eolian deposits in the uppermost part of the 

C'hinle formation. 

Swarm of interpretations 

The sarffece oelow the ,;hinle formation is a peneplain on which 

soils end thin iepooits formed during a long tine of tectonic 

stabilitly prior to the deposition of the Chinle formation. The mottled 

strota on this penelair are p-obably rr-Inants of a soil. These strata 

locally contain conglomerate and sandstone tat are believed to ae the, 

deA)sits of the rivers that flawed across the peneplein. 
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:he lower part of the L.hinlo forlation represents an alluvial 

deposit laid down on a gently 81,1pinA surface. The initial deposits, 

the Shinerump end related members, c)nsist of cross-stratified con-

glomerate and sandstone laid down in braided strea.-,s. Aggralation in 

these strew-s was caused by 8 change in the regime': of :he gv.ded 

stro.'.48 flowing across the peneplaned surface. Such bggradation in 

graded strait= leads to the is >osition of thin widespread units such 

as the Shinarump and related members. Locally the Shinarump member 

fills channels out into the underlying units. Some of these channels 

probably are remnants of valleys that developed in the land surface 

below the 3hinarump member; others F: re the scour surfaces of the 

streams that deoosited the Shinarump member. 

The Uonitor Butte and ralF,Lad %.04.bers are transitional between-

the brat ed stress deposits of the Shinarump and related members and 

meanderine, stream and lata i•Josits that characterise the Attrified 

Forest member. Locally the Janitor Outte and related somoers contain 

lenses of sandstone similar to that in the 3hinarupp member; these 

lenses aro probably braided stream deposits. The webers oleo c)ntain 

clayey sandstone oomposed of shallow tra.tvh sets of low angle cross-

strata; these deposits may be those of meenderin4 streams. 'orison-

tally stratified alaystone and clayey siltstore occur and are considered 

to be river basin or lake deposits. Finally, very fine-grained sand-

stone with rib...end-furrow structure is fairly abundant. This sarlst)ne 

is probably formed in shallow, flat-oottomed, probably low velocity 

streams with sf silt and very fins-grained staid b-Ittom. contorted 

https://stro.'.48
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strata on a large scale are °oration in the monitor- tiutte and related 

members. !base contorted etrste probably forusd by large 14;nds1ips 

of material into stream channels from adjacent flat lands. 

The _oss 'PUCK member and related units are widespread hraiied 

stream deposits similes to the Shinarump *ember. 

The eetrified Forest member is co:T,posed of de; osits of large 

meandering rivers nri of deosits formed in river t)csins or lakes. 

Locally braided stream de?osits, such as the Sonsela sandstone bed, 

extended .-yut across the basin of deposition. The fossils in the member 

indicate loth fresh water festures such as rivers ard lakes and inter-

vening dry land "upland' areas. 

The 4epositional plain of the lover peit•t of the kAinle formation 

sloped northward and northwestward away from a t)roal source area in 

southern Ar•iao»a and adjacent states—the Aeogollon highland. The roots 

exposed in this highland were dominantly volcanic; minor quantlties of 

cherty limestone or dolomite, sandstone, metamedimentary rocks, eni 

probably granitic rocks also occurred in the highlarA. In addition, 

a small amount of notarial was supplied to this pert of the formation 

from the ,, ncompahgre highland in western Golorado and northernmost Aew 

xioo. Ihis highland had an igneous ard metamorphic terrain. 

The upper part of the Chinle for represents a large 

deltaic deposit foraed in a shallow lake. The Jel Rock member at the 

ones of the upper part of the forwation contains pale-red and light 

greenten-gray limestone and reddi►sb-brown siltstone. the limestone 

formed in lakes by calcite replatoelent of .'lassy volcanic sandstone beds 
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or by filling the interstitial simoes in siltstone. The reddish-brown 

stltstlne is considered to le P lake deposit. 

The Church Rock member and related units at the top of the 

Chinle formation oonten horizontally stratified siltstone And sandy 

elltstone, horisontally laminatel, ri2ple-l1lAnsted, and wavy-stratified 

siltstone and sandstone, limestone and siltstone pebble congllmerate, 

and cross-stratified samietone. The horisontally stratified siltatone 

and sandy siltstors are considered to be lake deposits. The horizon. 

telly laminated, ripple-laminated, and wavy-stratified siltstone And 

sandstone are probably lake !eposits which formed in sAlIllow and 

current-swept parts of lakes. Some of this siltstone and sandstone 

probably formed under eubaerial conditiors. The limestone and silt-

stone pebble oonglneerate units formed by fluvial reworking of locally 

derived materiel. Some of the cross-stratified sandstones units L* 

stream de,)osits; others . are sand dune deposits. 

of the apper ?Art of the Chinle formation was formed as 

a 7Ast suboveals deltaio deposit laid down in a shallow laim. 

Fluvial sandstone in the upper part of the formation is abundant in 

a narrow belt extending from southwestern Oolorado to central :stab. 

This sandstone probably represents the deposit of a MOOT river enter-

ing the lake. This river say have suppliel most of the matortel that 

forLied the deltaic de?osit. 

The souroe areas of the upper part of the Chinie formation 

are the Uncompahgre and Front ante highlands of Colors-to and adjAcent 

regions, and the magollon highland of southeastern Arisona and 
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southwestern New lexico. The oncoapahgre and Frmt highlands 

contained 'wetly igneous and metamorphic rocss. Thp Jogollon high-

land probably was mainly a volcanic terrain. The ,Algollan highland was 

not as extersive durine deposition of tht z )per part of the formation 

as it was during deposition of the lower part. 
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