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ABSTRACT

The Todilto formation of New Mexico is a widespread
and distinctive Jurassic unit confined to the northern one-
half of the State and ad jacent psrts of Arizona and Colorado.
It consists of a lower Limestone member and an upper Gypsum
menber., The Gypsum member also contains some limestone.

The two members are not coextensive in area., Both are present
in the central part of the area in which the formation is
found, but the Limestone member extends far beyond the limits
of the Gypsum member. :

The lower contact with the Entrade sandstone 1s es~
sentially transitional and locally intertonguing in nature,
The upper contact is conformeble to transitional and it is
believed that part of the gypsum unit may grade laterally
into Summerville or oquivalcnt/rluviaxllc sediments which
overlie both the Limestone and the Gypsum members.

It is belleved that the Todilto formation was deposited
in a broed, shallow, non-merine lake rich in planktonic 1
organic materisl. It appears that chemical precipitation
and, locally, some clastic deposition produced the lower
Limestone member, Thereafter an increase in arldity and
evaporation, combined with restriction of the basin due %o
encroaching sediments, concentreted the residuasl waters and
produced the upper CGypsum member,

Little new identifisble organic msterial was found.,

However, the character of material extracted through pollen







and spore enalysis technique suggests a sapropelic environ-

ment similar to that which has produced oil shale deposits
elsewhere, The lamimated character of the limestone unit
mey represent varves,

It is recommended that the Todilto strata be accorded
full formational status. The Todilto formation and at least

some part of the overlying strata are best placed in the

San Rafael group along with the underlying Entrada sandstone.







INTRODUCTION

Nature and 3Scope of the Work

The strata to which the name Todilto 1s assigned in
New Mexico have been the object of rather persistent dis-
agreement among geologists for several years. The Todilto
i a somewhat anomalous unit consisting of limestone and
gypsum occurring in en otherwise dominantly clastic section.
Although a remarksbly persistent unlt traceable over a wide
area, 1t 1is rolntivolynthin except where the Gypsum member
is well developed. The variance of opinion has concerned
both the appropriate stratigraphic status of the unit and
its mode of deposition or enviromment.

Although it was first designated as a formation, it
has since been lsbeled a member of the Morrison formation,
a member of the Wanakah formation of southern Colorado,
and a member of the Entrada formetion., Some workers, however,
have continued to aceord it full formational status., Reglon-
ally it has been correlated with the Carmel formation, the
Curtis formation, and the lower San Rafasl group.

The origin of the Todilto has been ascribed to lacus-
trine, marine, and abnermal marine environments.

The lower boundary of the unit has been stated to be
disconformable, conformable, gradational, and intertonguing.

The upper contact has been called both conformeble and
disconformable,







The present study was undertaken in an effort to resolve
some of these dissimilar views., A detalled examination of
the unit in question combined with lsboratory investigations

was undertaken in the hope of bringing to light new paleonto-
loglec and other pertinent evidence.

Fourteen outerop localities, rather widely scattered
across northern New Mexico were visited (Fig. 1). At each
locality a detailled stratigraphic section of the Todllto
was measured and deseribed, Hand samples were collected
from each distingulshable unit. In addition, descriptions
were recorded and samples teken from the immediately under-
1ying beds and, where possible, from the unit immediately
overlying the Todilto., Measurements were made with a pocket
tape, a Jacob's steff, end a Brunton compass, Fleld des-
criptions were made with the use of a hand lens,

Deseriptive stratigrephic sections from six of these
localities are presented in the Appendix, These particular
sections were selected for several reassons, Esch is complete
and is representative of the Todilto in a particular area.
These sectionz illustrate the different modes of development
of the formation and include both the maximum and minimum
measured thicknesses, Several of the sections presented are
near the pinchout of the formation and one is also notable
for its fossil content.

The writer had examined and collected samples from two

Todilto ocutcrops prior to the present study. Hence, samples

i
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from a totael of sixteen different Todilto localities were
avallable for laboratory study.

Twenty-seven samples of material from fifteen locali-
ties were sub jected to pollen and spore analysis in the
laboratory. In addlition five petrographiec thin sections
were prepared from rock samples of four different exposures.
At least some materiasl from each locality was examined under
the binocular microscope.

The fleld and lsboratory work was carried out intermit-
tently during the Swmmer, Fall, and Winter of 1957.

Previous Work

In 1875 Ccilbert (p. 552) noted a 2-foot bed of erystal~
line limestone in a stratigraphic section measured near
Fort Wingate, New Mexico, The limestone bed is deseribed
as lying immediastely above a 220-foot sandstone unit and
below 200 feet of red and white banded sendstone. These
three units were the lowest strata which he inecluded in a
larger unit, This inclusive unit totaled 712 feet and was
designated "massive cross-bedded ssendstone™, The sandstone
below the limestone bed was that which Dutton was later to
name the Wingate sandstone, now known ui the Entrads sande
stone, The limestone, of course, is the Todilte limestone
and the overlying unit has been variously designated and

most recently interpreted as the Summerville formation or
its equivalent (Wright and Becker, 1951), (Rapaport, Hadfield,
and Olson, 1952), (Harshbarger, Repenning, end Irwin, 1957).

)







Although this limestone unit in a predominantly clastic
sequence is rather striking, Dutton (1885), in speaking of

the same general area, makes no reference to it, He does
mention the presence of gypsum, probably the Todilto gypsum,
in other areas, In his description of the Wingate sandstone
he neglected to note that its preservation in such striking
cliffs is largely due to its resistant limestone cap., It
would seem that to Dutton this thin limestone, in contrast
with the Iimpressive sandstones of the area, was unworthy of
comment,

Gregory (1917, p. 55), referring specifically to
Gilbert's measured section, says of the limestone unit:

"For this stratum I propose the name Todilto
formation, from Todilto Park where I first studied
it. At this locality it caps an eastward-sloping
mese of Wingate sandstone, and consists of 10 feet
of resistant compact blue-gray limestone separated
into two 2&:%1 by a few inches of red sandy lumpy
shale containing flattened calcareous mud pebbles,
Near the top are well worn fragments of black,
white, and gray quartz and chert in quantities
sufficient to form irregular bands embedded in the
limestone."”

Thus the unit under discussion was established in the
literature. Although rather well defined as a formation
forty years ago, its status has been in doubt for approxi-
mately one~halfl of that time.

Baker, Dane, and Reeside (1936) decided that the Todilto
did not merit formational status and designated it as a basal
member of the Morrison formation., They also stated that it
was not conformable with the underlying Wingate sandstone,

“ ¥







However, in 1947 the same authors reversed themselves, They
decided not to include the Todilto limestone and gypsum in
the Morrison but rather correlated it with the Wanakah forma-
tion of southern Colorado and designated it a member thereof.
They further stated that the Todllto was in gradational
contact with the underlying Entrada (formerly Wingate) sand-

stone,

In the 1936 paper, Baker, Dane, snd Reeside did not
think sea water essential to the formation of the limestone
and gypsum sequence. However, in their 1947 paper it is at
least inferred.

In 1949 and agein in 1952 Imlay supported the marine
or sbnormal marine hypothesis and correlated the Todilto
with the marine Curtis formation and the Wanakah formation.

In 1950, W, B, Hoover designated the Todilto as the
middle member of an "Entrada formation", consisting of a
lower Entrada sendstone mewber, the Todilto member, and an
upper "Red Mesa" member,

¥Wright and Becker (1951) interpreted the limestone
and gypsum of the Todilto as a lake deposit end in 1952
Rapaport, Hadfleld, and Olson reached a similar conclusion,

Harshbarger, Repenning, and Irwin (1957) stated that
the Todilto limestone was deposited during the final stages
of continental Entrada deposition and during early Curtis-
Surmerville deposition, They believe that the Todilto basin
was connected with the Curtis sea to the northwest by a

-8 -







shallow "strait" across e submerged ridge in the Four Corners
area of New Mexico, Colorado, Utsh, and Arizona. They
suggest that these conditions gave rise to restricted cireu~
lation of marine waters and produced an abnormal evaporitic

merine environment.

It is well established that the Todilto unit everywhere
rests on the Entraeda (formerly Wingate) sandstone, although
locally the latter has been assigned different names, It
is also generally accepted that immediately overlying the
Todilto are strata of pre-Morrison deposition. These beds
have most often been interpreted as Summerville or equivalent.

Some of the published Interpretations of the uppermost
Triassic and Jurassic rocks in northern New Mexico are
summarized in Pigure 2,
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PRE-TODILTO STRATIGRAPHY
Entradsa Sandstone

The strata which make up the Todilto are everywhere
underlain by the same homogeneous, fine- to medium-grained
sandstone. Always containing frosted quartz grains, massive
and usually ecross~-bedded, this sandstone i1s generally con-
ceded to be in large part of eollan origin, The unit is
now known as the Entrada sendstone.

It was originally named the Wingate sandstone by Dutton
(1885, p. 137) for exposures near Fort Wingate, New Mexico.
This is the oldest published formational designation of
strata on the Coloradoc Plateau (Rapeport, Hadfleld, and
Olson, 1952, p. 18). Subsequent investigations established
the presence of two massive, cliff-forming sandstone units
on the Colorado Platesu, both believed to be of Jurasaslic age.
The lower one was correlated with Dutton's Wingate and in-
cluded in the Glen Canyon group (Baker, Dobbin, MeKnight,
and Reeside, 1927). The younger sendstone was nemed the
Entrada sandstone and ineluded in the San Rafael group by
Gilluly end Reeside (1928). It proved to be the more wide-
spread and persistent of the two,.

WS .






By 1947 regional correlations had revealed that Dutton's
Wingate in New Mexico was actually the Entrada of Utah.
Priority of nomenclature dictated the abandomment of the
term "Entreda” and extemsion of "Wingate" into Utah and
elsewhere, However, the Utah terminology was favored by
Baker, Deane, and Reeside (1947) and has since generally been
adopted by others,

In recent years the presence of about 4O feet of "Utah
Wingate"” below the Entrads at Dutton's type locality has
been established. This is a part of the sequence which he
originally included under the term Wingate, This loweat
portion of the original Wingate, now reassigned that name,

18 belleved to be of Upper Triassic rather than Jurassic age.

When the Glen Camyon and San Rafael terms were first
carried into northern New Mexico, the only reecognized menber
of either group was the Wingate sandstone of the Glen Canyon
group. Later the correlation of the Wingate of New Mexico
with the Entrada of Utsh reversed the situation. The Entrada
of the San Rafael group became the only recognized representa-
tive of elther group in New Mexico. Hoover (1950) re-intro-
duced the Clen Canyon term in New Mexico by suggesting the
presence of strata correlative with the Utah Wingate.
Recently the trend has been to expand the sequence included
in the San Rafael group, primarily et the expense of the
overlying Morrison formation (see FPigure 2).







The Entrada sendstone 1s now thought to consist of

upper and lower c¢lean sandy members end a medial silty member
(Harshbarger, Repenning, end Irwin, 1957, p. 35). Only the
middle and upper members are found in New Mexico and the
Todilto rests upon the upper sandy member.

The upper sandy member forms prominent c¢liffs where
exposed in northern New Mexico. The presence of thin,
evenly-bedded sequences within the dominantly massive and
cross~bedded sandstone indicates periods of subagqueous
deposition., Intervals of subaqueous deposition during
Entrada time, probably occurring in desert lake basins,
presaged the Todilto basin of a later date,

At verious times the Entrada has borne local names
other than the original Wingate designation. In northeastern
New Mexlco and southeastern Colorado it has been called the
Exeter sendstone (Parker, 1933)., Also in northeastern New
Mexico, where it 1is exposed around the Sangre de Cristo
Mountains, the term Ocate sandstone has been coined and
applied to the Entrada (Bachman, 1953).

LT







TODILTO STRATIGRAPHY

General Stabement

Tedilto strata are widespread in northern New Mexico,
They extend to the western border of the State and locally
into the eastern edge of Arizona, but are not found west of
the Defiance Uplift (Wright and Becker, 1951)., The northern
limit of the Todilto formation extends well into Colorado
(Wood, Kelley, and MaeAlpin, 1948; end others). The south~
western limit of deposition 1s fairly well established.
It 11les elong a line which trends generally northwestward
and passes about 9 miles east of Gallup. Approximately 19
miles south of Grants it gradually swings to an east-west
trend (Rapaport, Hadfleld, and Olson, 1952). 1In central
New Mexico the southern 1imit can only be inferred dbecause
of the removal of Mesogzoic rocks snd the interruption by
the Rio Grande Depression, The southeastern limit of the
Todilto 1is defined by the pinchouts along the northern scarps
of the Llano Estacado, Northwest of these exposures Jurassic
rocks have been removed by erosion but the Todilto is be-~
lieved to have been continuous with outerops neer Las Vegas.
The eastern and northeastern limits are poorly defined
because of cover and the discontinuous nature of the Todilto,

The depositional basin of the Todilto is generally in
aceord with that of other Jurassic rocks of the San Rafael

v 3N %







group in western New Mexico, However, the Entrada and the
overlying units extend beyond the limits of Todilto deposi-
tion.

The upper Gypsum member is more or less centrally located
within the basin of deposition; the Limestone member, being
the more persistent of the two, extends far beyond the limits
of gypsum deposition.

The writer's interpretation of the extent and configu-
ration of the Todilto basin is shown inm Figure L.

Pre-Todilto Boundary

As noted previously, the Todilte always rests on the
Entrada sandstone, At all exposures examined in the course
of this investigation the Limestone member was present, In

some localities where the Cypsum menmber is present, the
limestone has been reported as absent., It is possible that
the limestone 1s simply covered by slumping of the gypsum
in these cases,. ;

Harshbarger, Repenning, and Irwin (1957) have included
with the limestone some silt and nudstone beds in westera
New Mexico., These beds lie immediately below and above the
limestone unit and may well belong with 1t, However, for
the purposes of this investigation no such c¢lastic strata
were included unless they were found within the limestone,

On the west side of Todilto Park, a thin limy sandstone

unit in the same stratigraphic position 1s probably equivalent
a8 e







to the Todilto but is not here considered as part of 1it.
Smith (1951, p. 72) 1{llustrated the Todllto limestone as
being present at that locality.

The Entrada-Todilto contact is one of a transitional to
intertonguing neture., Although a conformasble contact was i
accepted generally, with the exception of Baker, Dane, and
Reeside (1936), it appears that Northrop and Wood (1946)
were the first to suggest en intertonguing relationship.

In 1947, Baker, Daene, and Reeside stated that the contact
was gradational, Silver (1948) also reported intertonguing
of the two units.

In the Satan Pass area north of Thoreau, New Mexico
the intcrtonmmg is well developed, Here sandy limestone
layers snd lenses 1 to 2 inches thick appear near the top
of a lj-foot sequence of evenly though slightly wavy-bedded
calcareous sendstone and silty sandstone, This unit is in
gradational contact with typicaelly massive Entrads sandstone
below, Upward from the first appearance of carbonate deposi-
tion the limestone graduslly becomes dominant with only thin
partings of silty sandstone lying between layers of limestone.
In this area the zome of intertonguing i1s about 5 to 8 feet
thick,

Intertonguing is elso found in the lower part of the
limestone in the Toadlena section (Appendix, Section 5), and
Hornsby Ranch section (Appendix, Seetion 3).
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Elsewhere actual intertonguing is slight and can not be

so clearly demonstrated, However, in all measured sections
strong evidence of the transitional nature of the contact
was found, This evidence ranges from the presence of
sequences of evenly bedded, calcareous sandstone to silt-
stone below the limestone to transition zones no more than

2 or 3 inches thieck., The transitional clastic sequences are
from 6 inches to several feet thick and occasionally show
wave ripple marks, The thinnest transition szone observed is
in the Chureh Rock section (Appendix, Section 1), At this
locality hand samples may consist of typilcal clean, soft
Entrada sandstone on one side of the contact and grade
through very calcareocus sandstone to almost pure erystalline
limestone in the space of approximately 2 inches. There is
no intervening break or visible bedding plane., Coarse sand
grains and occasional small pebbles are found near the
contact, both in the sandstone and in the lower part of the
limestcne,

A slight undulation or waviness of bedding was the only
irregulerity observed in the basal contact zone of the ’
Todilto. The actual relief of this irregularity is never
more than one inch and the waviness usually appears in both
the lower limestone layers and the uppermost clastic layers.
Slight reworking of material by wave action in shallow
water is believed responsible for this feature,
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Prior to the begimning of Todilto limestone deposition,
shallow water gradually encroached upon the slightly ir-

reguler surface of the Entrade dune sands in a broad, nearly
flat basin., Wind and wave action would have produced slight
reworking of the uppermost sand with the first carbonate
precipitation, With only a shallow body of water, parts of
the dunes might have remained exposed and through wind and
wave action occasionally contributed lenses and layers of
sand within the lower part of the limestone. The influx

of streams transporting some of the dune sand from around

the edges of the basin would also have contributed to inter-
tonguing. Coarser material occcasionally brought into the
basin by streams was sparse and concentrated nesr the margin
of the Todllto basin, The probable broadly undulating
character of the eolian sand surface would tend to be smoothed
out, However, incomplete leveling would explain local varia-
tionms in thickness of limestone. OCradually encroaching
waters and carbonate precipitation would allow the preserva-
tion of near-shore features, such as intertonguing and re-
working of underlying material, at & considerable distance
inwerd from the final margin of the basin,

Post-Todilto Boundary

With the possible exceptlion of some cross-bedded sand-
stone units, the overlying strata are believed to be of
fluviatile origin (Rapaport, Hadfield, and Olson, 1952).
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The lower contact of the Todilto represents a radical change

from eolian clastic to subagueous chemical deposition, but
it wes a change which came sbout gredually. On the other
hand the upper boundary of the Todilto formation represgents
a more sbrupt chenge, but one which is only a shift from
one mode of subagueous deposition to another.,

The upper surface of the limestone, where exposed,
usually shows some pitting and sclution cavities which are
present short distances downward in the unit, This pitting
may be largely of recent origin and only in part immediately
post~depositional, No long exposure and erosion of the
limestone is believed to have preceded the deposition of
overlying beds., Slight re juvenation of source areas may
have caused streams which had cerried predomimantly dissolved
material into the Todilto basin to begin to transport clastie
material, which transgressively overlapped the limestone unit.

The "primery folds"™ of the Zuni Uplift area described
by Rapsport, Hadfield, and Olson (1952, p. 38-39) are perti-
nent to the discussion. These folds are minor anticlines
from a few inches to 25 feet across, confined almest entirely
to the Todilto limestone and basal sllts and sands of the
overlying Summerville beds. Usually asymmetrical, the folds
die out rapidly below and gradually upwards., Some affect
the entire Todilto limestone, the basal beds of the Summer-
ville, and approximately the upper foot of the Entrada,
whereas others are restricted to a single horizon within the
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limestone, These folds displsey thickening on erests end

troughs end thinning on the flanks and some are raejmbgnt
to more highly deformed, festures which suggest plastic de~
formation of a penscontemporsnecus origin, These folds
show no apperent relation to the Zuni Uplift deformation
which was accomplished primerily by rupture rather than
plastic yilelding (Rapaport, Hadfleld, and Olson, 1952).
These folds are believed to heve been formed by ereep of
the calcareous, laminated Todilto mude down the primery
slope of the basin under the weight of at least part of the
overlying sediments., This would preclude significant ex-
posure, drylng out, and consequent lithification of the
Todilto sediments prior to folding.

Under such transitlonal conditions the cireulation of
water through the overlying beds, combined wtﬁh the plastie
deformation, would favor solution and recrystallization of
the uppermost part of the lime stone., These factors would
obscure laminae and produce the frequently noted coarser
texture of the topmost Todilto limestone.

The establishment of a conformable contact above the
gypsum member 1s more tenuous, The abrupt termination of
the thick gypsum unit or its sudden extreme thimning in a
comparatively short distance has led a number of geologists
to postulate the presence of an erosional unconformity.
However, where the actual contact is visible 1t eppears
conformable, Unfortunately the soft nature of the gypsum







and the slope-~forming character of the overlying sediments

prevent frequent exposure of this contact. Nor can the
nature of thimning of the gypsum be determined where sudden
changes in thickness oceur. An erosional interval would |
probably have left a very irregular surface on the soft j
gypsum which would be observable, Therefore a poorly de- ‘
fined but apparently flat contact is believed to be more \
indicative of conformity than nonconformity.

Terminology of the Todilto Formation

As previously noted the limsstone unit 1s the more
persistent and widespread of the two members. The type
deseription of the formation was based upon the limestone
unit slone and it hes usually been called the Todilto lime~
stone, Where the Cypsum member is also present this term
is somewhat of a misnomer when applied to the entire unit.
Where the members are differentisted, formal member names
would perhaps distinguish between the lower limestone and
limestones which do eccur within the gypsum. To the writer's
knowledge, no formal menber name has been proposed for the
gypsum unit but the terms Todilto Limestone member and
Todilto OGypsum member have been applied informally where
both are present. Although the impressive thickness of
gypsum perheps merits a locality or other formal member
name, it is believed that nothing would be gained by pro-
posing one after nearly forty years of the present usage,
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It is suggested, however, that at least the two-fold terml-

nology be followed end the members differentiated.
Limestone Mermber

The Limestone member of the Todilto formation is perhaps
the most consistent Jurassic unit exposed in New Mexico. It
i1s lithologically almost the same throughout and ranges in
thickness from a minimum of 0 feet to a2 reported LO feet,

The minirmum thickness measured by the writer was 2 1/2 feet.

Aecording to Gregory (1917, p. 154), the word Todilto
1s from the Navajo lengusge and means "sounding water"”., The
limestone ceuses a small waterfsll in the perennial stream
at the point where it was examined in Todilto Park. This
18 on the Navejo Indian Reservation and is neer the type
locallty of the formation,

The limestone is a fine-grained, almost aphanitic, very.
thin bedded to very thinly laminated, medium to dark gray or
black carbonaceous, and usually fetid unit, A small admix~ |
ture of silt to very fine sand grains is often present,
usually concentrated in the lower part of the limestone. A
moderately coarse recrystallized and sometimes slightly
brecciated zons often occurs near the top of the unit and
obscures bedding and lamination. Slight waviness to extreme
contortion of bedding 1s usually present, mostly im the upper
reerystallized zone., Cypsum is often present, finely dis-
seminated along bedding planes and fractures of the limestone,







especially where the upper Gypsum menmber is also present

and to a lesser degree elsewhere., This feature is usually
limited to the upper one-third of the Limestone member,

Medium-grained elastic to oolitic limestone is found
in the lower part of the unit in the Hornsby Ranch section
where intertonguing occurs with the Entrada sandstone., The
only other clastic sediments are a small amount of very
fine grained material near the top of the Satan Pass section
and the sand and silt which is present in the zones of inter-
tonguing at the base of the unit,

Where overlain by the Gypsum member the limestone unit
seems to contain more silt, gypsum, and carbonaceous organic
impurities, causing the laminstions to produce & "shaly"
weathering., Here the weathered fragments may be readily
split to the thickness of only one or two laminae.

Although the limestone has been called bituminous to
asphaltic, at only two localities did this appear to be the
case, Small emounts of black vitreous asphaltic nasorggl
were found in thin seams along vertical fractures in fﬁa
limestone at the Tongue Arroyo and Mesa Alta sections. This
is similar to an occurrence in the Pony Express limestone
reported by Read, Wood, Wanek, and Mackee (1949) from the
Pledra River Canyon area of southern Colorado. The fetid
odor produced on striking fragments of the limestone seems
to be best developed where the Cypsum member is present. It
has been suggested by Professor S, A, Northrop (personal
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commnication) that this may be caused by free sulfur libera-

ted from the contalned gypsum,

An exception to the well-bedded nature of the Todilto
is found in the Church Rock section where a single erystal-
line bed of limestone comprises the entire formation., Quali-
tatively it may be stated that the limeatone is of a more
erystalline nature along the western margin of the unit and
in the Grants uranium district, New Mexico than in 1ts other |
areas of ocecurrence,

The presence of small bands and fragments of chert near
the top of the limestone has been noted but the chert 1is
generally not well developed., Some chert was found in the

Satan Pass section, the Church Rock section, and the Todilto
Park section. Chert occurrence in the Gypsum member of the
Tonque Arroyo section 1s discussed later in the paper,

A feature whiech is well developed only in the Satan
Pass and Todilto Park sections 1s the occurrence of ovoids
of erystelline calelte scattered through the limestone.,
These structures weather into relief and range in diameter
from sbout 0,5 millimeter to l millimeters.

The maximum thickness of the Limestone member which was
measured during the course of this study was 19 feet, 9 inches
in the Tijeras Coal Basin, The minimum thickness measured
was 2 feet, 6 inches in the Church Rock section (See Figures
3 and I for extent and thickness trends of the Limestone

member) .,
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Cypsum beceme significant in the latter stages of lime-

stone formation and gradually gained dominance. The exact
horizon in any outerop at which gypsum first becomes the
dominant constituent of the rock is impossible to pick. The
change is gradual and usually from black, porous, contorted
carbonate with intercalated layers and larger knots of white
gypsum to white gypsum containing stringers and lenses of

dark gray to black carbonate.
Gypsum Member

The Cypsum menmber of the Todilto formation exhibits
less variation within its area of exposure than the basal
limestone member, Where present, its relative thickness
dwarfs the limestone but its homogeneity gives it a sameness
throughout.

This member is composed of fine-grained white massive
gypsum, Bedding is not apparent except where thin layers
or beds of dark calcium carbonate interrupt the gypsum.

In exposure the member presents a rounded, drab gray,
puffy appearance except where it holds vertical or near-
vertical faces. In the latter case it has a grayish white
smooth surface showing dark gray to black calcium cerbonate
defined bedding which is discontinuous and somewhat irregu-
lar, Other stringers and irregular patches of carbonate
give the gypsum a mottled appearance. Where actual limestone

beds oceur within the gypsum they appear as more resistent

and protruding gray ledges which persist across the outcrop.
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As previously noted, some limestone continued to be

deposited after gypsum became the dominant product., The
limestone is more abundant in the lower part of the gypsunm
but there appears to have been some calcium carbonate pre-
cipitation throughout the period of gypsum deposition, The
uppermost portion of the Cypsum member commonly contains
beds of limestone and in several areas they cap the entire
gypsum sequence., Laminations are usually absent or only
poorly developed in the limestone beds oceurring within the
gypsun,

In the Tongue Arroyo section (Appendix, Section 6)
approximately the lower 20 feet of the upper Gypsum member
consists of layers of gypsum from a fraction of an inch %o
3 inches thick, separated by discrete laminae of black

carbonate which are essentially noncontorted and p.rliatnnt.?

Near the top of the member several limestone beda are found
within the gypsum and one bed caps it. A similar bed of
limestone forms the top of the Gypsum member in the Mesa
Gigante section (Appendix, Section 2).

Some fregments of pink chalcedony or chert are often
found associated with the gypsum., However, it is diffieult
to determine whether they are in situ or not. In the lime-
stone bed which caps the Cypsum member in Tonque Arroyo this
material 1s found in irregular pleces and as a coating on
bedding planes and fractures. Swift (1956. P. 55) included
this limestone bed with his Cachana member of the Morrison

formation,
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The incompetent nabure of the gypsum unit combined with

the slope~-forming character of the overlying sediments make
1t diffieult to observe and examine the exact upper contact.
However, where clearly seen, as in the Tonque Arroyo section
and the Mesa Cigante sectlion, this conteet appears to be
sharp but not irregular,

Darton (1928, p. 168) reports that an anelysis of gypsum
from the Todilto formation in the Nseimiento Mountains ylelded !

97 per cent pure gypsum, sbout 3 per cent of probable calecium
carbonate, and only 0,18 per cent of insoluble residue.

The maximum observed thickness of the unit, 171 feet j\kﬂ
including the capping limestone beds, was in the Tonque i
Arroyo section (Appendix, Section 6), Figures 3 and it

1llustrate the writer's interpretation of the extent and
thickness of the Gypsum member,

POST-TODILTO STRATIGRAPHY
Surmerville Formation and Equivalent Strate

The sedimentary beds lying immediately sbove the Tedilto
formation have been variously aseigned. When the Todilto was
considered a basal member of the Morrison formation the over-
lying sediments were, of course, included in 1t., Since the
1947 revision of the Jurassic stratigraphy by Baker, Dans,
and Reeslde, excluding the Todilte from the Morrison, eddi-

tionel revisione have been suggested in northwestern Hew
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Mexico. In 1950 Hoover proposed the term Red Mesa member
of the Entrade formation for strata lying above the Tedilto

formation in northwestern New Mexico. He stated that the
Red Mese menber was probably correlative with the Summerville.
Since then a number of workers heve stated that a true
Summerville unit is present in that position. Rapaport,
Hadfleld, and Olson (1952) and other writers have carried
the term farther eastward to a position sbove the Cypsum
member. In southern Colorado the Todilto-equivalent Pony
Express limestone is considered the basal member of the
Wanaksh formation (Wood, Kelley, end MacAlpin, 1948). A
Wanakah equivalent inecluding the Todilto and some overlying
beds has been postulated in northeastern New Mexico,

Swift (1956, p. 16) chose the top of the Todilto gypsum
as the base of the Morrison formation in north-e¢entral New
Mexico, Swiftts (1956, p. 18) point that it is often d4iffi-
cult to differentiate the top of the San Rafael group from
the Morrison is well taken, However, his suggestion that
such units as the Summerville and Wanakah formations may be
considered as local lentils of the Morrison formation would
probably not meet with genersl agreement. It seems likely
that at least part of Swift's Rio Gallina and Cachana members
of the Morrison are actually pre-~Morrison and as such would
fall within the San Rafael group as Summerville equivalents.

The scceptance of the presence of strata of the San

Rafael group below the Morrison implies a close relation to







the underlying Todilto formation., Thls seems %o be a correct

assumption. The strata Iin questlion are usually massive sand-
stones near the margins of the Todilto formation but other-
wise composed of a well~bedded sequence of sandufon., 811t~
stone, and madstone throughout the maln area of the basin.
The Summerville, to which these beds are at least approxi-
mately equivalent, 1s considered marine in Utah. The strata
are probably fluviatile and lacustrine in the Todilto reglon.
No fossils are known from the Summerville in New Mexico.

The treansitional nature of the upper !od;l&o contact
noted particularly in the area cutside of the Gypsum member
raises the question of the relation of the Gypsum member to
these postwlimoatono clastic sediments. Assuming no marked
break Iin sedimentatlion at the end of limestone depcsition,
clastic sediments must have been sccumulating sbove the lime-
stone member while gypsum was being precipitated in the
center of the basin, Gypsum deposition in only the central
and deeper part of the Todilto Basin will account for at
least part of the greater thickness of the total formation
there., However, the observed ratlo of gypsum thickness to
'1imestone thickness of at lesst 8 to 1 seems difficult to
explain in this manner., No visible wedging out of the gypsum
has ever been reported. It 1s here suggested that at least
part of the gypsum member probably grades into or interfingers
laterally with the clastic sediments which were deposited

conterporaneously around 1ts margins., This interpretation







is shown in the fence dlsgram (Fig. 3). The nature of the

two deposits and the outerops obscure any supporting fileld

evidence,

ORJGIN OF THE TODILTO FORMATION
General Evidence

The Todilto formation ocecurs in s dominantly non-marine
stratigraphic sequence in an area which is not far removed
from the marine Jurassic rocks of the Curtis formation of
southeastern Utah. The acceptence of a marine origin for
the Todilteo not only extends the limits of Jurassic marine
imundation but mey also raise questlons regarding sssoclated
strata., Contradictory interpretations oeccur in the litera-
ture. Recent advocates of some type of marine environmment
have been Baker, Dane, and Reeside (194L7), Imlay (1949, 1952),
MeKee ot al. (1956), and Harshbarger, Repenning, snd Irwin
(1957). Authors supporting & non-marine, lacustrine origin
have been Stokes (194ly), Northrop (1950), Wright and Becker
(1951), end Rapaport, Hadfleld, and Olson (1952).

The impressive thickness of gypsum overlying a lime-
gstone unit and the normsl precipltetion order from sea water
has seemed to support a marine origin, However; it does not
follow that because the evaporatlon of ses water will always
produce these two minerals in that order that all similar

sequences were necessarily so formed, It 1s believed that
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such a sequence can be deposited from lake waters if the

concentration of dissolved mineral matter 1s high enough.

There is no suggestion of the presence of any other
normal marine evaporitic minerals sueh as chlorides any-
where in the Todilto to the writerts knowledge., Magnesium
carbonate, cormmonly associated with gypsum of marine evapo~-
ritic origin, is absent.

The stratigraphic position of the Todilto and its re-
lation to adjecent units also seems pertinent to any environ-
mental interpretations, A thin merine limestone would indeed
seem anomalous included between two thick, pure, coarse
clsstics with no related shales, The lower unlt iz believed
to be eollan with local playa deposits and the upper one is
apparently fluvistile. The transitional natwre of the con-
tects has already been pointed out, and according to Rapaport,
Hadfield, and Olson (1952, p. 26) beyond the pinchout of the
Todilto the contact between these two units 1s completely
arbitrary. These features do not seem suggestive of & period
of marine deposition.

Some reasonable connection with known marine rocks of

the same age must be shown to substantliate a marine origin
for the Todilto. To the south the depositional pinchout is
clearly demonstrated for sl]l Jurassic strata In New Mexico.
The southern delimiting end source area was an east-west
trending Jurassic highland. In western New Mexico this
positive element has been csalled the Mogollon Highland by
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Harshbarger, Repennimg, and Irwin (1957, p. 43) and the name

Zunl Highland was applied by Rapaport, Hadfleld, and Olson
(1952, pe. 15). The work of Dobrovelny, Summerson, and Bates
(1947) indicates an appareant extension of this positive ares
into sastera New Mexico. The Todilbo basin was thus effec-
tively cut off from the Jurassic marine waters of the Mexican
geosyncline,

To the north the Uncompzhgre positive area or range of
southern Colorado blocked marine access to the basin. The
only possible connections were to the northeast or the north-
west., DBoth avenues of marine access have been postulated,
with the idea that extensions of the positt?l mass restricted
circulation of marine waters and produced an evaporitic besin.

In northeastern New Mexico all representatives of the
San Rafael group either pinch out or thin considerably, The
Todilto, in particular, becomes thin and spotty and diffiecult
to trace to a pinchout. This has been ascribed to non-depo-
sition rather than post~Todilto ercsion (New Mexico Geological
Society, 7th Fleld Conference Guidebook, 1956, p. 86). The
Entrada alone is consistently present, This area then was
not a locus of San Rafasl deposition., The persistence of
the Entrade in this marginal ares of the San Rafael deposi-
tional basin may be ascribed tc its manmner of origin, for
eolian sediments are capable of migration independent of
gravity.
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Marine commnection to the northeast does not appear

likely and in fact the northwest comnection has been favored
recently, Harshbarger, Repenning, and Irwin (1957, p. 46)
postulate such a conmnection., They suggest a northwest-trend-
ing "strait" in the Four Corners area, commecting the Summer-
ville see with the Todilto "gulf" across a broad submerged
ridge. Kelley (1955, p. 82) refers to this ridge as a
northeast-trending cross-warp across a northwest-trending

sag between the Mogollon and Uncompahgre uplands in the Four
Corners area, The pinchout of the Todilto in this direction
is fairly well known, with no equivalent unit extending
beyond, The limiting ridge or cross-warp may have been
emergent and prevented access of marine waters. The suggest-
ed subaqueous scouring of this ridge and consequent thinning
of the Entrada in this area described by Harshbarger, Repen~
ning, and Irwin (1957) ecould be equally well explained by
subserial erosion of the exposed ridge.

Paleontologic Evidence

Fossil evidence has been invoked to support a marine
origin for the Todilto formation., However, upon examination
of the literature such evidence does not appear to be con-
clusive, The scareity of fossil material 1s well known, No
merine invertebrate megafossils or microfossils were found
in the course of this investigation, nor have any ever been

reported.
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Two genera of fossil fish have been ldentified from the

Tod1ilto formation. They are Pholidophorus americanus Eastmen,
identified by Koermer (1930), and Leptolepis schoswel, des-
cribed by Dunkle (1942).* fThe same two forms are found in
the Pony Express limestone in Colorado (Read, Wood, Wanek,
and Mackee, 1948). Oeccurrences are sparse in New Mexico.
Fish were first found by Koerner (1930) in the area of the
Hornsby Ranch section of this paper, where specimens of both
forms were collected by the writer, A few other specimens
have been found near Lamy, Acoma, and Suwanee, New Mexico,
Seales are occasionally found in other areas. Both species
are small; Pholidophorus ranges in length from 2 1/2 to
4 1/2 inches and Leptolepis probebly does not exceed 2 1/2
inches in length. :
These fish have been described as having marine affil-
fations (Baker, Dane, and Reeside, 1947). Imvestigations of
the literature revealed several intereating facts. According
to Romer (1945, p. 537), the gemus Pholidophorus is an ad-
vanced holostean fish, an artificial grouping, containing
precursors of the modern, spiny-rayed, teleostean fish,
Leptolepis 1s variously assigned as an advanced holostean
or a primitive teleost (Romer, 1945). Assuming the teleocs-
tean classification, Leptolepls belongs to the Isospondyli,

# According to Professor S, A, Northrop (personal communica-
tion), there is some guestion about the generic assign-
ment of this species.
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a group which includes the present-day trout and other members

of the galmon femily. The Isospondyli contain both marine and
non-marine types, some being adapted to both environments.
Romer end Grove (1935), howsver, note a strong marine trend
in actinopteryglan fish during the Mesozolc. Both holostean
and teleostean fish fall under this classification. Romer
and Grove (1935, p. 808) state: "...we feel that the absence
of invertebrate fossils in fish localities gives a fair pre-
sumption of fresh water conditions"” and "limestone deposits
weligh the evidence heavily in faver of marine conditions,

but a lacustrine origin is not impossible.” The North
American literature reports no oceurrence of the two genera
of fish in question in association with invertebrate fossils.
In the Upper Lykins formation, a red bed unit of Colorado,
both types were found in association with a fossil gymnosperm
seed cone (Dunkle, 1942, p. 1), Another example is that of
specimens of Leptolepis found in associlation with plant
fossils in a laminated siliceous shale of the Weber con-
glomerate of Nevada (David, 1941).

Swain (1946, p. 553) deseribed a new species of ostra-
code, Metacypris todiltensis, from limestone of the Todilto
formation north of Thoreau, New Mexico, the area of the
Satan Pass section of this paper., Specimens were identified
by the writer from samples collected at that locality., The
ostracodes were found only in the lower portion of the forma-
tion and primaerily in the zome of intertonguing where they
occur both in the limestone beds and in the intervening
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clastic lavers. The examinatlion by binocular microscope of

samples from other localitles revealed no new oceurrence of
these ostracodes,

A number of papers refer to Swain's article and call
the ostracodes non-marine or brackish water in type, the
term "brackish" seeming to admit a possibility of abnormal
or modified mearine conditions, Examination of Swain's des-
eription shows that at lezat in the published remarks he
made no mention of brackish water. Indeed, the only definite
indication as to environment is found in the phrese "non
marine ostrecodes", from the title, and in the mention of
similarity of the new specles to Mebtacypris whitei of the
Morrison formation., The Morrison is considered to be of
fluviatile and lacustrine origin. |

An algs, not yet descrided, was found some years ago
by John R, Peters in the Todilto limestone at Todllto Park

(S. A, Yorthrop, personal cormunication).
Results of Laboratory Investigations

It was considered likely that the application of pollen
and spore recovery technigqus to the Todilto would yleld new
and perhaps decisive evidence as %o the conditions under
which it was formed,

The analysis of twenty-eight ssmples was completed.

The anslysis of cne sample of gypsum was carried to comple-
tion along with two samples of uppermost Entrada sendstone.
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The remainder of the samples were taken from limestone units

or included c¢lastic layers. The residue from each sample
was mounied on a laboratory sllde, stalmed, and examined
under high megnification. The source locallties, descrip-
tions of the samples, and results are tebulated in Teble 1.
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Table 1, Summary of Samples Sub jected to Pollen and Spore
Extraction
Organic
Sample Source Roek Type Material
T=l Outerop on New Mexico
Highway 156, 30 miles
east of Santa Rosa Limestone (fetid) Abundant
T-2 Outerop See, 5, T. 8 N.,
R. 27 E, west of Ima Limestone (fetid) Abundant
T-3 Unit #1 Mesita Blanca
: section Sandstone (Entrada) Little
Tl Unit #2 Mesita Blanca Contact Entrada~
section Todilto silty ss. Little
T-5 Unit #5 Mesita Blanca Arglllaceous part-
section ing in limestons Moderate
T-6 Unit #} Mesita Blanca 841ty limestone
section (fetid) Abundant
T-7 Unit #3 Hagen section Limestone (fetid) Abundant
T7-8 Unit #2 Church Roek Limestone
section (erystalline) Little
T-9 Unit #2 West Todilto
Park section Calcareous ss, Little
T-10 Unit #2 Satan Pass
section Calcareous ss. Little
T-11 Unit #5 Satan Pass
section Limestone Abundant
T-12 Unit #3 Tijeras Coal
Basin section Limestone (fetid) Abundant
T«13 Unit #4 Tijeras Coal Siltstone parting
Basin section in limestone Moderate
T-lli Unit #5 Tijeras Coal
Basin section Limestone (fetid) Abundant
T-15 Unit #4 Satan Pass Limestone and sand-
section stone containing
ostracodes Moderate
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Table 1. (econt'd)
i Organic
Sample Source Rock Type Material
T-20 Unit #12 Mesita Blanca
section Gypsunm Little
T-23 Unit #2 Hornsby Rench Calecareous
section siltstone Moderate
T-2l; Unit #3 Hornsby Ranch
section Calearenite Abundant
T-25 Unit #4 Hornsby Ranch "Shaly" limestone
section (fetid) Abundant
T-26 TUnit #5 Hornsby Ranch Limestone (fetid)
section eontaining fish Abundant
T-27 TUnit #6 Hornsby Ranch "Shaly" limestone
section (fetid) Abundant
T7-28 Unit #7 Hornsby Ranch Limestone (porous,
section fetid) Abundant
T=-29 Unit # Lamy section Limestone (fetid) Abundant
T-30 Unit #7 Mesa Cigante Limestone (crystal-
section line, fetid) cap~-
ping gypsum Moderate
T-31 Unit #2 Romeroville 811ty limestone
section (fetid) Abundant
T-32 Unit #3 East Todilte Limestone (slight- Moderate,
Park section ly erystalline probable
algal
spore
T-33 Unit #) Toadlena Limestone and Moderate,
section giltstone conifer
pollen
grain
T-3l1 TUnit #2 Mesa Alta
section Limestone (fetid) Abundant







The results, in identifleble microfossils, were essen-

tlally nil. One highly corroded conifer pollen grain weas
identified in a sample from the Toadlena section (Sample
T-33). A possible algal spore was found in material from
the Todilto Park section (Sample T-32), A few extremsly
small, circular, unidentifiable structures were also seen
in this sample. In addition, oceasional fragments of plant
tracheids were found in several samples. These are believed
to be from conifers,

The essential absence of recognizable microfossils is
not due to a lack of organic materisl., On the contrary all
semples analyzed from the Todllto were found to contain some
organic material and most contained 1t in sbundance. The
material 1s, however, either in such a finely divided state
or so badly corroded as to defy identification of origin.
Many of the perticles of pollen size appear to be simply
aggregates of finer material and have no definite shape.
Others show fairly regular outlines and suggest the possi-
bility of being structures of some type which have been
corroded beyond recognition,

The data and results of five thin sections are
surmarized in Table 2,
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Table 2.

Summery of Petrographic Thin Sections.

Thin
Section

Source

Remerks

T-a

Twg

Tw-d

T-e

Outerop on New Mexice
Highway 156, 30 miles
east of Santa Rosa

Same as sbove

Stc. 5' ?o 8 no_’ Ro
27 E., west of Ima

Unit #8 Tijeras Coal
Basin section

Unit #3 T1jeras Coal
Basgin section

Limestone, cut across bedding;
very fine grained, crystalline
calcite mosalc with occasional
quartz grains and carbonaceous
streaks.

Limestone, cut parallel to
bedding; very fine grained,
erystalline calcite mosaic
with occasional .xnﬂs grains
and irregular carbonaceous
areas.

Limestone, cut across bedding;
very fime grained, crystalline
calclbe mosalc with occasional
quartz grains end carbonaceous
streaks,

Gypsumj crystalline, fine
grained unoriented fibrous or
acicular texture with rare
caleite m’&iﬁl.

811ty limestone cut parallel
to bedding; very fine grained,
erystalline calcite mosalc
with numerous quartz grains
and disseminated carbonaceous
material,
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Interpretation of the Evidence

The ebundance of organic material but lack of recog-
nizable microfossils which was demonstrated quite early in
the study was at first very puszzling. Mr. Roger Y, Anderson
was the first to note the similarity of the material with
thet found in oil shale deposits. Bradley (1930), in his
work on the Green River formation and oil shales, describes
similar materiel. In some parts of the Green River strata
there iz also excellent preservation of g;ernrotnlll. This
formation acewmilated in an Eocene lake basin, the deposits
of which show yearly lamination or varves. The Green River
varves are composed of palrs of organic and fine-grained
carbonate layers.,

The sbundant very fine organic material found in the
Todilto formation is probably of the same type as the sapropel
which forms in modern lakes. Two types of sapropel exist:
one called "gybttja", in which the organic matter is mors or
less determinsble, and the other, "dy", if the material
before deposition 1s in colloidal form (Twenhofel, 1950,

p. 694). The latter type material 13 cheracteristic of
dystrophic lakes which have scanty oxygen in their bottom
waters and 1ittle matrient matter,

The very thinly laminated character of the Todilte
limestone 1s perhaps one of the best documented of the facts
about it. Swift (1956, p. 1) described this feature as
"varvelike laminar structure”. The similarity of the fine
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organic material with that of other varved deposits, combined
with the similarity and regularity of laminations suggests
that the Todllto limestone may also be varved, Douglas
Kirkland (personal commmication), pursuing a separate in-
vestigation on this aspect of the formstion, has reached such

a conclusion,

If the asswmption of a varved nature of the Limestons
member is correct, it would appear to favor a lacustrine
environment. In speaking of varved deposits of glacial
origin, Twenmhofel (1950, p. 67) states: ",..if melt wabers
flow into salt lakes or the sea, the fine sediments are
flocculated and varves do not form,.,". This may be appli-
cable to other types of varved sediments also,

The possibility that the Todilto limestone might also
be of an oil shale nature is apparent, It is belisved that
if this were the case in the geologic past it is no longer
an oll shale, The appearance of the organic materisl and
the fossil fish suggest fairly complete carbonization, A
true oil shale does not contain oil or bituminous material
as such, but will yield oil only upon destructive distilla-
tion of the organiec material, The presence of asphaltic
material in some areas and an olly scum which is formed
upon the solution of the limestone in acid suggests that
distillation of any available material may have already
taken place through geologilc processes,
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The bottom of a body of wabter, poorly aerated snd high
in dissolved mineral matter, would have been inhospltable
to orgenisms of any sort. Consiating of alternating layers
of partly decayed organic material and carbonate mud, the

botbom probably supported few if any organisms, Bottom-
dwelling scavengers would, of course, have tended to destroy
the laminations., It 1s believed that any 1ife which exlsted
was planktonic, There was probably some contridution of
wind-borne material such as pollen but this would have
sulfered the same fate as organic material produced within
the lake., Most alteration of materilal must have occurred
prior to ite deposition on the bothom, Almost &)l the pre-
sorved fossils are found near the edges of the original
basin vhere some clastlec deposition occcurred. These locali-
tles are far from the suggested comnection with marine waters.
The writer suggests that both the fish and the ostracodes
were [resh-water types which were carried into the basin by
streams or lived near their mouths., It seems probable that
the inhosplteble enviromment killed them and they were then
entombed,

Fossll evidence 1s not conclusive sz to a marine or
lacustrine origin for the Todilto bBut seems to faver a lacus-
trine origin. The results of laboratory investigations
carried out in this study suggest a lucustrine origin,

Fleld evidence ssems to indliecate the same. Paleogeographic
considerations probably do not weigh heavily for either
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interpretation, but a non-marine one 1s certainly not in-
compatible with them. Therefore 1t is concluded that the
Todilto formation was probably deposited under non-marine
lacustrine conditions.

Lake Todilto

The postulated Lake Todilto would have been a transi-
tory feature as are all lakes, Based upon his study of the
possible varved nature of the formation in the Werm Springs
area, Douglas Kirkland (personal comminication) has ealecu-
lated that the entire Todllto sequence including both menmbers
could have been formed in slightly less than 20,000 years.

The lauke is visualized as a broad, relatively shallow
body of wam without outlet and lying in an arid region.
Ar1dity is suggested by the intertongning of the Limestone
member wilith the underlyimg Entreda dune sands as well as by
the presence of gypsum, The paucity of clastic material
and the high amount of dlssolved minsral material whieh
mist have been present in the water suggest several things,
Pirst, the surrounding area mist have been of slight relief
and probably 1in old age, physlographically., The origin of
the stream waters must have been at considersble distance
from the basin, The rate of evaporation must have equaled
the rate of inflow and with no outlet the level of the lake
was probably falrly constant, Planktonic growth mmst have
been sbundant in the surface water.
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Lake Todilto was probebly a relatively static body of

water for the greater part of its existence. It rmst have
begun to dry wup gradually because of increased evaporation,
decrease of water supply, or both, Caleium sulfate precipi-
tation gradually replaced that of calcium carbonate in the
central part of the basin, It is believed that a slight
re Juvenation of swrrounding areas accompanied the drying
up of the lake and caused fluviatile clastic sediments to
be deposited above the Limestone member, progressively over-
lapping 1t and further restricting the central body of water
in which gypsum was being deposited, Occasional freshening
of the water, perhaps yearly, caused the return of calcium
carbonate precipitation, In some areas the last deposition
was dominantly limestone., During the final stages of the
lake in some areas 1t may have been reduced to disconmected
bodles of water in which either limestone or gypsun wes
deposited in greater than averege thicknesses, During this
period other parts of the limestone and gypsum may have
been left exposed and susceptible to solution and some re-
working., Deposition of the limestone unit where 1t stands
alone must have been essentially complete at the time when
gypsum precipitation became dominant in the central area,
The writer's interpretations of the distribution, thick-
nesses, and relations of the Todilto Limestone member and
Gypsum member to each other and related strate are shown in

Figures 3 and L.
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CONCLUSIONS

The following conclusions regerding the Todilto strata
in New Mexico are deemed justifieble upon consideration of
the evidence avallebles

1.

3.

5.

The Todilte strata should be aceorded full
formational status as an extensive and mappable
unlt, consisting of two distinct members--the
lower Limestone member and the upper Gypsum
member, the two not being everywhere coextensive,
The Entradas sendstone-Todllto contact is transi-
tionel to locally intertonguing in nature and
represents the inecursion of Todilte waters upon
the slightly irregular surfaee of predominantly
eolian sands,

The Todilto formation was deposited in & broad
ghallow non-marine lake, rich in orgenic material
and high in dissolved caleium, carbonate, and
sulfate ions,.

The laminee of the Limestone member are probebly
verves, The organic materiel contained therein
was originally of a sapropelic nature end is
slmilar to that found in oll shale deposits.

The Cypsum member represents the final steges of
the desiccation of Lake Todilto and was deposited
in the central part of the basin during the in-
cursion of Summerville or squivalent sediments.
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6.

It 1s equivalent in time to some portion of

these sediments and probebly grades into or
interfingers laterally with thenm.

The upper contact of the Todilto formation 1s
conformeble to transitional,

The Todilteo formation and some part of the
overlying sediments are best placed in the
San Rafael group as 1% is kmown in New Mexico.
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Section #1. Chureh Rock Section.

Location: TFast of Gallup, New Mexico, north of U, 8, Highway
66, approximately NW 1/} Sec., 8, T. 15 N., R, 16 W,
(measured by H, 0, Ash and 0, K, Ash, June &, 1957).

Top of aection
Summerville formation: Feet

3. Sandstone, brownish maroon and light gray, fine
grained, silty; composed of subrounded to sub~
angular clear gquartz grains with some amber-
colored grains and with dark accessory mineral
grains., Very calcareous, resembles Entrada
sandstone but is even-bedded and eolor<banded
above, weathers massive, forming steep slope; Not
base 1s sharp and slightly WaVY ..cvecccessssssss.. moasured

Todilto formationt

2., Limestone, light pinkish gray, very fine grained,
crystalline and tough, with small amount of
crystalline calelte as stringers and ovoid segre~
gations; sandy at base; obscure, slightly wavy
bedding planes; rare small rounded chalecedony
pebbles occur in the lower portion of the unit.
Weathers flaggy to blocky; forms ledge capping
Entrada benches; base is undulatory and
trm'ltion.l S OO0 20900 EO0P 000 CD0EOCESOOGDIODOSEOSPDBIORDR 2:5

Total Todilte formation . 2.5

Entrada sandstonet

1., Sandstone, light gray, fine grained, calecareous
cemented transition zone at top of massive,
cross~bedded saendstone. This transitional zone,
approximately 1 1/2 feet thick, is composed of
subrounded quartz grains with some silt and rare
small, r ed chalcedony pebbles scattered
throughout; weathers massive; forms rounded to Not
sheer "typlcal” Entrada eliff .....cvvececoccsscesss moasured

Bottom of section
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Section #2, Mesa Gigante Section.

Location: South face of Mesa Gigante; epproximately SE 1/4

See, 16, T, 9 N., R, 3 W. (measured by H. 0, Ash,

Top of gection Feet

Summerville formationt

8,

Mudstone, medium grayish green, very c¢calcareocus;

thin; overlain by even-bedded brownish maroon,

alternating sandstone and mudstone beds weather-

int rubbly; forms steep slope; base poorly eéx- Not
posed, but appears transitional with wnit 7 ....... measured

Todilto formation:

Te

Gypsum member:

Limestone, dark grey to black, fetid, finely

erystalline; not laminated; contains small amount

of pink chert in thin stresks; base slightly

11‘!'&5‘&1!!‘ end transitional with unit 6 .cccvceccese 0.5

Gypsum, white to light gray, fine grained

crystalline, slightly calcareous throughout with

occasional lenses or patches of black carbonatej

bedding sbsent or obscure except in the lower one-

third where thin carbonate layers define it;

weathers massive, giving rounded "badlands" topo~-

graphy with a porous, puffy surface; dirty light

brown te pinkish in colorj base 1s transitional; &
thickness approximate cicvocscecssvsnsscovvssvssses 80,00

Total Gypsum member ..... 80.5%
Limestone member:

Limestone, brownish gray to black, fetid, fine

grainedj in part appears fragmental to recrystal-

lized near upper contactj bedding contorted with

irreguler laminationsj thin layers of gypsum ir-
regularly intercalated with limestone layers in

upper portion; weathers massive; forms ledge at

top of 011ff; base 18 transitional .cccscecsceccose hoo

Limestone, very dark gray to black, fetid, fine

grained with suggestion of some brecciation and
recrystallization; bedding and laminae contortedj;

base is transitional 8000000008682 0068800800800068688 205
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Section #2 {(eont'd) Feet

3. Limestone, dark gray, fetld, very fine grained,
slightly silty to sandy, rather coarsely lami-
nated; bedding undulatory; base 1s sharp and

fl‘t I E AR R E RS R E R R A EEEEE R RS EERNEEESEE R R EEEE EE N EEEE R IR 105

2. Limestons, dark gray, fine grained, sandy, very
thinly laminatéd; bedding and upper and lower
contacts slightly wavy; top marked by l- to 2-inch
yellowish brown gypsiferous zone; base 1s sharp
md relativﬁly flat LI B A B B N AR B CAE A R B R AR N B R A AR BT SR N O‘E

Total Limestone menber .. 8.
Total Todilto formation . 89 _
Entrada sandstone:
1. Sandstone, medium gray, fine to medium grained,
clean, very calcareous near upper contact; well-
defined cross-bedding below but no visible bed-
ding near contact; weathers masaivej forms Not
Pound‘d elirr S 20 9 9 00D SO0 B NOODBEELDOEONESNYEESS m"ﬂr'd

Bottom of section






S8ection #3. Hornsby Ranch Section,

Location: On the Duke Hornsby ranch northwest of Ima, New

Mexico, east side of Bull Canyon (measured by H. 0, Ash
end 8, R, Ash, July 28, 1957).

Top of section Feet
Unnamed unit:

8-

Sandstone, light gray, speckled with yellow and

black, weathering to light tan to buff, speckled

with white, fine to medium grained, well sorted;

composed of subrounded clear quartz with some

pink end pale green chalcedony grains; firmly

cemented, calcareous; cross-bedded; weathers

massive; forms rounded ledges. Base is sharp Not

and slightly UndUlatory cccoscesscoccrccscnssssssss mMbaSUred

Todilto formation:

Te

Limestone, fetid, very dark gray to black, car-

bonaceous, weathering medium grays; very fine

grained vith coarsely recrystallized zones show~

ing solution cavities, undulatory thin-bedded to
laminated; weathers flaggy; forms top of ledge;

base 1is gl“d‘timd S0 00EPOIVIIEBEBBPEBGO0IGRNBLLEDES 2.0

Limestone, fetid, very dark gray to black, car-
bonaceous, very fine grained and silty; flat, fine-~

1y laminated bedding; weathers hackly; forms notch

in 10“0} base 1is gradationsl ..ccecevs0s000000000s0 0.5

Limestone, fetid, very dark gray to black, car-

bonaceous, fine greined, silty, probably clastic

in part and resistant; thin to very thin flet-

bedded; contains moderately abundant carbonized

fish scales and fragments and rarely complete

fish; weathers flaggy to platy; base is

gradationlll 6000000008000 000000008 600080000008 0R0s008 105

Calcarenite and shaly limestone, very dark green-

ish gray to black, carbonaceous; consists of

finely laminated, silty to shaly limestone, and

beds and lenses of fine- to medium-grained,

oolitic calcarenite interspersed throughout the

interval; contains moderately abundant carbonized

fish scales in the uppermost shaly parts; weathers

h&cny to flam' base is Erad..t’.an‘l seescoscoso0es 1.0
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Section #3 (cont'd) Feet

3. Calcarenite and silty to shaly limestone, very
dark greenish gray to black, carbonaceous;
consists of a lower L«inch and an upper 2-inch
bed of fine-grained, sandy calcarenite with
lenses and stringers of coarse-grained calcite
particles, weathering into relief on the bed-
ding planes, Intervening and overlying shaly
limestone partings are the same as unit 63
weathers fll&a’ base is ’hu‘p and £188% sivevavose 0.6

2, Siltstone, medium gray; soft calcareous; very
thin bedded; weathers platy; base 1s sharp

‘nd fl‘t .....'0.........O..OQ.‘..".O.....IQ..Q..&
Total Todilte formation 5.9

Entrada sandstone:

1. Sandstone, light gray, weathering to very light
gray, tan and light reddish tan; occasional
emall limonite stains; fine to medium grained,
well sorted; composed of rounded to rounded
clear and frosted quartsz grains with some amber-
colored and bluish green grains; poorly cemented,
friable, generally massive, except that the
upper foot 1s a fluvial bed with cross bedding
marked by coarse sand grains which also occur at
the top of the bed; weathers massive; forms Not
rounded eliff etssotessesassnsnec s sasstassesece e NBEBUred

Bottom of section
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Section #4. Romeroville Section,

Location: Approximately 300 yards north of U, 8., Highway
85 on the west side of Romeroville Gap, New Mexico
(measured by H. 0, Ash, Sept. 21, 1957’.

Top of section Feet
Immediately overlying strata concealed by talus debris
Todilto formation:

5. Limestone, dark gray to black, fetid; irregular
portions appear partly clastic or recrystallized
and are porous and oruibi{ while the balance 1is
very fine grained, ecrystalline and compact., In
part massive; coarse laminations exhibit contor-
tions, Top is broadly undulating and solution
pitted, Exaect upper contact not observed; base
18 u“ation‘l B9 09 00O POS PO VOO S QOD G CO0 BSOSO ST RY 300

., Limestone, black, fetid, very fine grained
erystalline, tough; slightly undulating laminae;
weathers platy to flaggyj base is transitional .... 4.0

3, Limestone, black, fetid, very fine grained
erystalline; shows flat thin laminse, in part
shaly; other portions weather flaggy secceccccssccsccs 2.5

2, Limestone, dark greenish gray, fetid, fine
grained, sandy to silty, thinly laminated with

‘shaly fraectures base 1s indistinet, to some
d‘m‘ g“d‘t1°n‘1 008030000000 00E0080000800%80 008" __l_'i

Total Todilto formation ., 31 <0
Entrada sandstone:

1. Sandetone, buff to yellowish tan, calcareous,
compact, fine to medium grained, rounded %o Not

subanguler; weathers massive into rounded ¢liff ... measured

Bottom of section
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Section #5. Toadlens Section.

Locations

Along road to U, 8, Highway 666, approximately
1/l mile east of the town of Toadlena in a road cut

through an east-dipping hogback (measured by H., 0. Ash

end O, K., Ash, Oet., 25, 1957).

Top of section

Summerville formation:

7.

6.

Sandstone, brownish maroon, very calecareous,
fine grained, silty, soft; appears to be derived

Feet

Not

from the Entrada Sandstone; base is transitional .. measured

Claystone, light olive-gray, calcareous, silty,
slightly bentonitics base sharp and brosdly un-
dnlltm but with only .118ht relief ,..ccvvevcaves

Todilto formation:

5.

Limestone, medium olive-gray, very fine grained
erystalline and dense; bedd thin, slightly
wavy; some fine laminations but not fissile,
Abundant thin bands of white erystalline cal-

eite and near the top the unit is generally
somewhat more coarse in texture., Top 1s solu-
tion pitted; weathers flaggy to slabby; base

18 transitional ..cccecossvnssvrssensessvsosescsnsae

Limestone and sandstone, interbedded, highly
caloareous, very fine grained silty sandstone
which is very thin bedded to laminated and
fissile, and includes 1/2 - 1 1/2 ineh layers

of medium gray very fine grained erystalline
limestone; base is transitional ...cecocvccscsncces

Total Todilto formation .

Entrada sandstone:

3-

Siltetone, light greenish gray, calcareous and
Smdy' base is sharp and F18Y sesvnsvvsvnnsvescevoe

Mudstone, medium dark brownish red, slightly
calecareous and sandy; base is irregular and
gradation‘l 0000 B 0560850000088 08860008000000088800008

Sandstone, pale orange %o tan, slightly calcar-
eous, fine to medium grained; rounded to subrounded
quartz grains with minor black and pale green

2.0

8.5

12,0

2.5

5.5

Not

@am, GO D9 VDS G SO 0600000 Se OGN TEOHCOOSSOSLEBeENTSENS ”‘amd

Bottom of section
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Section #6. Tonque Arroyo Section.

Location: On the Hagen road approximetely 2.5 miles sast
of U, S, Highwey 85 up Tongue Arroyo (messured by
H, 0, Ash, Jan, 16, 1958},

Top of section Peet
Summerville formation or eguivalent:

12, Claystone end mudstone at base; mottled meroon
and light grayish-green, calcareous, inter-
mingled elaystone and mudstone zone approxi-
mately 2 feet thick, Above 1s a fine-grained,
calcareous brown sandestone bed bearing pink
chert fragments., Similar alternations form the
balance of the unit, Weathers rounded to
blockys forms irregular slopej base is sharp Not
and flat 8400600008800 000080000000000000BRAB0REsBOS measured

Todilto formation:

11. Limestone, medium to dark gray, not laminated,
very fine grained erystall with stringers
and zones of coarsely recrystallized calcite
and some thin stringers of sum; contains
abundant pink chert as granular-appearing
layers on top surface, along fractures and as
gones in the limestone, Contains occasional
small rounded limestone pebbles within the
mtri.x; forms dip '10"9 BssvsesbusiessansssBLONBROE 2.0

10. Gypsum, white with a slightly pinkish tinge;
very fine grained, earthy; pink chert fragments
abundant on the surface but not found in place;
forms rounded '10”; base is 'hm esss00ssecessvoe 13.0

9. Limestone, medium gray, very fine grained,
G!’ystallm, base .-hﬂ!'p and flabt ,.cecevscscsvocecsne 0.3

8. Gypswn, white to grayish white, fine grained
slightly calcareous; base 1s sharp and flat ...cees 0.5

7. Limestone, medium gray, very fine grained,
erystalline; base 1s sharp and flabt ..cevecsccccens 0.2
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Section #6 (cont'd) Feet

6.

L.

3.

Cypsum, white to grayish white, fine grained,

erystalline, slightly calcsreous throughoutj in

lower part black calcium carbomate layers are

abundant as flat partings or bedding from 1 to

3 inches apart, becoming less apparent upwards

until not visible in approximately the upper one-

half of the unit; weathers to rounded hummocky

hills and slopes with a "puffy" appesrance; base

i‘ trm.itianﬁl B 60 60 000086000 BINOEDOIOOSDOONEOOGODS OGS 15300

Gypsum and limestone, white, fine-grained

erystalline sum layers from 1/4 to 1 inch

thieck, alternating with layers of black lime-

stone 1/16 to 1/} inch thick, the two in approxi-

mately equal amounts; limestome is dominant

below and gypsum above; bedding delineated by

carbonate layers is slightly undulatory; weathers

to a near vertical face; base is transitional ..... 2,0

Total Gypsum menber ..... 171.0
Limestone mewber:

Limesvone, {etid, very dark gray to black,
carbonaceous; very fine grained with coarsely
recrystallized zones showing solution cavities
in the upper omne~third of the unit; fine lami-
nations in the lower part grade upward from a
slightly undulatory nature through moderately
contorted and broken laminations to highly
contorted laminations with intercalated gypsun
layers at the top of the unit. The lower
portion weathers papery; forms top of ledge;
base is tramsitionsl 000 00E00000908000808800000000 500

Limestone, fetid, medium $o derk gray, carbona-

ceous, very fine grained, thinly 1 ated with

a few intercalated sun laminae; contains

black, vitreous asphaltic material along frac-

tm‘ﬁﬂ} base is transitionel escecovscessesBRess s R0 1.0
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Section #6 (eonttd) Feet

2. Limestone, fetid, dark gray to black, carbona-
ceous, very fine grained, silty, thinly lami-
nated with some layers of erystalline limestone
1 to 2 inches thick and a few Iintercalated
gypsum laminese; contains black, vitreous asphale
$ilc naterlal along fractures; weathers papery;
‘base 1is llightl’y MIGtOPy t6ess0000000s0000 00800 2:2

Total Limestone member ... 8.0
Total TOdith fmtim es 179.0
Entrada sandstone:

1. Sandstone, yollowish tan, fine grained, well
sorted; composed of subrounded quartsz grains,
poorly cemented and friable except for the
upper 2 to i inches which 1s a very calcar-
eous mediwn gray, apparently transitional
zoney thin stringers of gypsum ocour along
fractures; o suggestion of even bedding in
the upper portion; weathers massive; forms Not
I‘Oﬂn’dﬁd clirt B OO VR OB POIP NS EE PO SO EPSNE RO Pe PRI EE ”am°d

Bottom of section

- B9 &







BIBLIOGRAPHY

Bachman, G, 0., 1953, Geology of a portion of northwestern
Mora County, New Mexico: U, S, Geol. Survey 011 end
Gas Inv, Map OM 137.

Baker, A, A.’ D‘m, C. Ho‘ and Rﬂo'ld., Jde Bo. ”0' 193‘.
éorrtlutian of the Jurassic formations of parts of
Utah, Ariszona, New Mexico, end Colorado: U, S. Geol.
Survey Prof, Paper 183, 6d P.

memee, =eees, ew---, 1947, Revised correlation of Jurassic
~ formations of Utah, Arizona, New Mexico, and Colorado:
AzaaAsuoc. Petroleum Geologists Bull., v. 31, p. 166k~
1 .

P DObbin, c. Eo. mm‘ht. Eo T.' lllﬂ RO‘I“‘. J. B.
Jr., 1927, Notes on the stratigraphy of the Moab rogian,
Utah: Am, Assoc., Petroleum Geologists Bull., v. 11,
p. 785-808.,

Bradley, W, H., 1930, Origin and microfossils of the oil
shale of ‘hn Green River formation of Colorade and
Utah: U, 8. Geol. Survey Prof, Paper 168, 58 p.

Darton, N, H., 1928, "Red beds" and associated formations
in New Mexico; with an outline of the geology of the
State: U, S. Geol. Survey Bull, 794, 356 p.

, David, Lore, 1941 to g ne , a new Cretaceous
ant " Jour. PELSEet ey Leyalensls, o BoNaL

Dobrovolny, Ernest, Summerson, ¢, H,, and Bates, R. L.,
1947, Geology of northwestern Quay County, New Mexico:
U, S, Geol. Survey 01l and Gas Inv., Prelim., Map 62.

Dunkle, D, H., 1942, A new fossil fish of the family
’ Leptolepidae: Cleveland Mas, Nat, Hist., Sei. Pub,,
Vo 8' no, S' Fo 61"&-

Dutton, C, E,, 1885, Mount Taylor and the Zuni Plateau:
U, 8. Geol. Survey 6th Amn, Rept., p., 105-198,

Eckel, E. B., 1949, Geology and ore deposits of La Plata
district, Colorado: U, 8, Geol, Survey Prof. Paper
219, 179 p.

Emerick, W, L., 1950, Geology of the Golden area, Santa Fe
County, New Mexico: Unpublished master!s thesis,
Univ, of New Mexice, 66 p.

ks .







¢ilvert, G, K., 1875, Report on the geol of portions of
New Mexico and Arizona, examined in 1873: U, 8. Geog.
end Geol, Surveys W. 100th Mer, Rept. (Wheeler), v. 3,
p. 503-567.

Gilluly, James, and Reeside, J. B,, Jr., 1928, Sedimentary
’ rocks ¢f the San Rafsel Swell and some nﬁ}actnt areas
in eastern Utah: U, 8, Geol., Survey Prof, Paper 150-D,

P. 61‘*1100
\' Gregory, H. E., 1917, Geology of the Navajo Country; a
/\ roéonnaiﬁianco of parts of Arizona, Mexico, and

Harrison, E. P,, 1949, Geology of the Hagen coal basin:
Unpﬁblilhné master's thesis, Univ, of New Mexico, 177 p.

3 Harshbarger, J. W., Repemning, C. A,, and Irwin, J, H.,
1957, Stratigraphy of the uppermost Triasssic and the
Jurassie rocks of the Navajo Country: U, S. Geol.
Survey Prof. Paper 291, 74 p.

Hoover, W, B,y 1950, Jurassic formations of parts of Utah,

o Colorado, Ariszona, and New Mexico: New Mexico Geol.

Soc. eu&itbook of the San Juan Basin, New Mexico and
Colorade, First Field Conf., p. 76-81.

Imlay, R, W., 1949, Palececology of Jurassic seas in the
/ western interior of the United States: Nat. Res.
Couneil, Report of the Committee on a Treatise on
Marine Beology and Paleoecology, 1948-49, neo. 9,
. P . 72"1&0
\f; mmmw=, 1952, Correlation of the Jurassic formations of
N/ North America, exclusive of Canada: Geol. Soc,
America Bull,., v, 63, p. 953-992,

Johnston, H, C., Jr., 1953, Geclogy of East Grants Ridge,
Valencia County, New Mexico: Unpublished master's
thesis, Univ. of New Mexico, 51 p.

Kelley, V. C., 1955, Regional tectonics of the Colorado
Plateau and relationship to the origin end distribu-~
tion of wranium: Univ. of New Mexico Pub. Geology
no. 5, 120 p.

"'"‘""""" md wOOd, Gc Ho’ J’Q’ 1914-6, LWO!‘O \mlitt. Vﬂﬁ!ﬂ!il.
Socorro, and Bermalillo Counties, New Mexico: U, 8.
Geol, Survey 0il and Gas Inv, Prelim. Map 47.

- 81 »







£

, Koernmer, H, E.,‘1930, Jurassic fishes from New Mexico:
’ Am, Jour. Sci., 5th ser., v. 19, p. 463.

Lookingbill, J. L., 1953, Stratigraphy and structure of
the Gallina uplift, Rio Arriba County, New Mexico:
Unpublished mastert's thesis, Univ., of New Mexico,
118 p.

McKee, E. D, et al., 1956, Paleotectonic meps, Jurassic
systems U, 8, Geol, Survey Miscellaneous Geologic
Investigations Map I-175.

Northrop, S. A., 1950, General geology of northern New
Mexicos Soc., Vertebrate Paleontology Guidebook, Lth
Fileld Conf.. P. 26"1‘.60

| mem==, and Wood, G. H.,, 1946, Geology of the Nacimiento
Mountains, San Pedro Mountain, and adjacent plateaus
in parts of Sandoval and Rio Arriba Counties, New
Mexigoz U, 8. Geol, Survey 0il and Gas Inv. Prelin.
Map 57.

Parker, B, H., 1933, Clastic pluges and dikes of the Cimarron
Valley area of Union County, New Mexicor Jour. Geology,
Ve ).l.]., Pe 38"‘510

. Rapaport, Irving, Hadfleld, J. P., and Olson, R. H., 1952,
Jurassic rocks of the Zuni uplift, New Mexico: U, 8.
Atomic Energy Comm, RMO-642, L7 p.

Read, C, B,, Wood, G. H,, Wanek, A, A,, and Mackee, P. V.,
1949, Stratigrephy and geologic structure in the
Pledra River Canyon, Archuleta County, Colorado:

U. 8, Geol, Survey 011 and Gas Inv. Prelim. Map 96.

Renick, B, C., 1931, Geology and ground-water resources of
western Sandoval County, New Mexico: U, S. Geol.
Survey Water-Supply Paper 620, 117 p.

Reynolds, C, B., 1954, Geology of the Hagan-LaMadera ares,
Sandoval County, New Mexico: Unpublished master's
thesis, Univ., of New Mexico, 82 p.

Romer, A, 8., 1945, Vertebrate paleontology: Chicago,
Univ, Chicago Press, 2d ed., 687 p.

----- , and Grove, B, H.,, 1935, Environment of the early
vertebrates: Am, Midland Naturalist, v. 16,
p. 805-856,

- 62 =«







Rouonmlsi Abraham, 1956, Cuidebook of southeastern 8 e

de Cristo Mountalns, New Mexico: New Mexico Geocl. oy
7th Field Conf., 151 p.

Sears, R, 8., 1953 , Ceology of the arez between Canjilon
Mesa and Abiquiu, Rio Arriba County, New Mexico:
Unpublished master's thesls, Univ, of New Mexico, 71 p.

Silver, Caswell, 1948, Juressic overlap in western New
Muxégoé Am, Assoc, Petroleum Geclogists Bull., v. 32,
p. - 10

Smith, C, T., 1951, Guidebook of the south and west sides
of the San Juan Basgin, New Mexico and Arizona: New
Mexico Geol. Soc., 2nd Fileld Conf,., 167 p.

Stearns, C. E., 1953, Tertiary geology of the Galisteo-Tonque
awﬁggngwamxioo: Geol. Soc., America Bull., v. 6,
Pe 82 -5008,

Stokes, W, L., 1944, Morrison formetion and related deposits
in and adjacent to $he Colorado Plateaut Geol. Soe.
America Bull., v. 55, p. 951-992,

. Swain, F, M,, 1946, Middle Mesozoic nommarine Ostrecoda

from Bragil and New Mexico: Jour. Paleontology, v. 20,
p. Sh3-5855. |

Swift, E. R,, 1956, S% of the Morrison formation and
related strata, north-central New Mexico: Unpublished
mastert's thesis, Univ. of New Mexico, 79 p.

Twenhofel, W, H., 1950, Principles of sedimentation: New
York, MeGrew-Hi1ll Book Co,, Ine., 2nd ed., 673 p.

HOG&, &. Ha’ E‘ll", v. C., and HacAlphl, A, J., 19&8.
Gevlogy of the southern part of Archuleta County,
Cologudo: U. S. Geol. Swrvey 011 and Gas Inv, 1im,
Map U1,

 Wright, H, E,, Jr,, and Becker, R, M., 1951, Correlation of

Jurassic Tformations along Defiance monocline, Arizona- AP
New Mexico: Am, Assoc. Petroleum Geologists Bull.,
Ve 35’ P 607’*‘611}..

k3 -

























% ~

s L/%a'/é@' s ot
% = 7

L ekt







	University of New Mexico
	UNM Digital Repository
	Summer 6-6-1958

	The Jurassic Todilto Formation of New Mexico
	Henry O. Ash
	Recommended Citation


	tmp.1477345134.pdf.JZ0HH

