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This document is not intended to be a comprehensive
formal report on the geology of the reservation.
Rather, it is offered to provide a description of the
map units in the subdivided Tshirege Member of the
Bandelier Tuff and to provide insight into the back-
ground, methods, and investigations of the geologic
mapping project.
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Geologic Map of the Los Alamos
National Laboratory Reservation

BACKGROUND

The geologic mapping project for the LANL Reservation’ was begun in April 1974, It was part of the Laboratory's’

waste management Program A31S, Waste Disposal Site Studies, a program to satisfy research needs for waste
management Operations.

Program A415 was initiated in 1973, [ was hired as Principal Investigator for the program. The program was one
of several newly initiated waste management programs made possible by the U. §. Atomic Energy Commission's
(AEC)' increased awareness of the impuortance of environmental/waste-management issues and by its increased
willingness to fund such work. Prior to this time, such work at the Laboratory had been severely limited because of
budgetary constraints. The stated 1973 management’ goal was for the Laboratory to become "an example to the
nation in how waste management is done”.

The first A315 program task was to provide liaison to the U. S. Geological Survey (USGS) which was under
contract to the AEC to evaluate facility monitoring practices, both past and present.  In September 1973,
evaluations were in progress or planned for all major AEC facilities.

Laboratory management accepted the USGS would find deficiencies in the Laboratory monitoring program -- in
particular, the ahsence of site-specific monitoring. At that time, the Laboratory’s monitoring program addressed
only the issue¢ of whether contamination had left the reservation.

Given the circumstances, management wanted the most favorable evaluation possible. Full cooperation with and
assistance to the USGS was emphasized. 1 was to amrange access to any Laboratory location and/or to any
Laboratory employee (past or present) and to find the answers to any USGS question,

Very quickly all kinds of information deficiencies surfaced. Many of these deficiencies had been unknown to or
not fully appreciated by Laboratory management.

The USGS focus was on information for Materials Disposal Areas A, B. C, Ib, E. F. G, and T which had
erroneously been identified to them and the AEC as the only waste disposal sites or the only sites of concern. Any
information outside the boundaries of these sites was of no interest to the USGS even if the information indicated
the Laboratory had nat ignored a scientific or technical issue. Detailed disposal-site information, information
necessary to establish site-specific monitoring, was not of particular interest to them either. Their task was to

evaluate whether adequate monitoring existed -- not to cotlect information on how adequate monitoring could be
established.

By November 1973, a Laboratory source document (Rogers, 1977) was planned to compliment the USGS
evaluation (Kelly, 1975). The source document's primary purpose was to provide information to Labaratory
personnel. its secondary purpose was to demonstrate all Laboratory knowledge pertinent to waste-management

At his time, the Los Alamas Scientific Laboratory
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operations. By the end ot 1974, the need tor a continued cliort (o identity peshinent lstorical or cussent
information was recogmzed . ERDA was told that the source document would be updated every 2 years.

The source document officially covered alt ifornnon discovered or developed before January 1977 in fact,
informanion was continually updated until the report went 1o press in late 1977, Source document mformation wath
early 1977 dates s, therefore, carrect. The geolagy and hvdrology sections, however, basically represent 1974
knowledge  Management would not allow these sectuions to be updated to mid-1977 Kknowledge because the
veologic map and the accompanymyg comprehensive geologic weport would he fished and pubhbished 1 the
immediate future. New hydrology studies were planned tor o comprehensive new hydrology report which would
alsv include the hydrology of the new geologic map umts

In December 1973, the case for the geologic mapping project was made w0 environmental/waste-management
admuustrators and funding was secure by April 1974, The pracuce of spot-mapping. performed through the years
by a number of professionals. was pot viewed as a solution to development of an adequate monitoring program
Sute-specific monttonng. the carlv-detecton system for contaminant migraton, and  Laboratory-boundary
maontoring would need to be mtegrated. The geologic map was alse viewed as pettinent 1o other environmental
and/or waste-management studies as well as to new facility siting

GEOLOGIC MAPPING PROJECT

et

Geologie field work continued from May 1975 through December 1980, The geologic mapping project ,
mterrupied i early 1981 belore any measured sections were completed. Unit desenptions are based on field notés,
numerous field samples ccollected during mapping). and wtormation from the completed map  References cied are
those used during the geologic mapping project. Hetken et al (1986) appears because the earlier references did not
deseribe the Cerro Toledo Rhvolite tatls.  Additional field checking of the color-proot’ map set was done in May
IRIRS

Associated Studics
The geslogic mapping project ncluded the following studies:

*  Jont Study (1973-1980; - This study covers the Pajanito Plateau i the vicumty ot Los Alamos and LANL.
Speaial emphasis was placed on collecting joint data near waste disposal sites. The study distinguishes
regonal tectonie jJownts from cooling jmots. Tectonmic joints may represent a more unportant potential
migration pathway than cooling joints. A total of 1793 jornt readings were taken.

*  Fracture Filhings Study (1973)° -- Fractures mn Pits 7 and 24, TA-S3 were examined. X-ray diffraction
analysis was performed on samples from Fractures 43 and 52, Pit 7, TA-54. Momumorilionite and calcite
were the only imponrtant secondary crystalline phases present. The cabiche appeaced o be relatively pure
CaCO,. A wace of low cnstohalite was assoaated with the brown clay which was predominantly
montmoritloniie.

*  Sccondary Muterial Study (1977 -- Samples of matenal depostted i or associated with fractures were
analyzed for Na, K. Mg, Ca, Al Si.and Fe plus any other eations equal to or greater than 0.5% (quantitative
spectrometry) and for CO,. SO,. and combined HQ) (wet chem or best way). Ten samples of material from
7 specimiens were analyzed: 4 of the samples (pink discolaration, yeHow discoloratiion, black discoloratior
and background) came from the same Pit 18, TA-54 specimen. Li. Be, B, Na. Mg, Al Si, K, Ca, Ti. \ ,
Mn, Fe. Ni. Cu. Zn. Sr. 7r. Sn. Ba. Ph. Bi, CO,. SO,. and H,0 were reported in some or ail of the samples.

*  X-ray Diffraction Secondary Material Study (1977) -- Nine samples were run from the 7 specimens used it
the Secondary Matenal Study  The yellow-discolored material was not run on the Pit 18, TA-54 specunen

Jacques R Renaule, New Mexico Burcau of Mines and Mineral Resources
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Both whute speounens. nontle plateas and sauth platean. were CaCO, The Puye Drive speaimens, yellow
discoloration and red discoloration. were orthoclase and orthoclase/trace hematue respectively. A red
fracture fling was orthoclase/trace hematie. A red-orange discoloration was sanidine/cristoholite/hematite.
The Prelg, TA-54 samples were all orthoclase/hematte with amount of hemante decreasing from the black
to the pink to the tanosh-gray nocmal et

Polished Thin Section Study of Stratigraphic Secion (1978) - Thin sections were made from 11 Tshirege
rock samples selected o represent the stratigeaphic column. The following samples were described: 2 --
upper Unit AL 2 -~ jower Unit B, 1= upper Unit B, 1 - lower Unit C, 2 -~ lower Uit D. 1 -~ middle Unit D. 1
- upper Uit B, and L - Jower Unit ¥ One Fshicoma rock sample was also thn secnioned. Quanz and
samdine were dentified w all units,  Diopsidic pyroxene was identified in all units except Unit Do This
prehimmary study did not identity any siriking differences in texture or mineralogy between Tshitege units.
Samdine Axsal Angle Study (1978)" -- From the above thin sections, 8 were selected A total of 72 crysials
were measured. Units A, C.oand E were represented by 1 shide each. Unit B was represented by 2 shides.
and Unit P was represented by 3 slides. (Unit B was not intentionally omitted. Work was performed at a
time when all srangraplue relationships had not been defined.) There was o systematic small increase in
axwal angle from elder 1o younger umits

Samdine Micraprobe Study (1978) -- A tord of 130 measurements, averagrng § teldspar crystals per slide,
were miade on the same slides as those in the Sanidine Axial Angle Study. Core, nm, and intermediate area
were measured on most erystals. All measurements wdicated the feldspar was sanidine. From unit to unit,
no detinitive changes in the Na-K-Ca rauo pattern were observed.

Geochermsiry Study (19785-1980) -- This was the study which successtully found o means of correlating
subasurface utformation with outerop. From 56 locations on the Pajarito Plateau, 142 whole-rock samples
(promaesly Tshirege. but including Otowi, Cerro Toledo Tuffs, and El Cajete) were anafyzed for Na. K. Rb,
Cs. Mg, Ca. St Bag AL S Soc Phy T Ze HEL As. Sb, BiL V.Nb. Ta, Se, Mo, W, ClL M. Fe, Co. Cu. Au, Zn,
Sc. L, Ceo S EucTh, Dy, Yb, Lu, Th, and U Total number of analyses was 2025 Discriminant analysis
showed hat 82.7% of known cases were correctly classified using U, e, Th, and Cs values.

Buandeliee "Glass” Study (1Y79-1980) -- A prebinunary study to see if there were churactenstic differences in
the index of retraction of  glasses farmed by metting the Bandelier Tutf. Ten samples tone each from the
Guaje. Qroms, Cerro Toledo Tufts, Tsankawi, and Tshirege units A, B. C. D, £, and F) were ground, placed
i platinum crucibles, and heated up 1o emperatures of 17257 C. All samples appeared to form homogenous
melts betore reaching 17257 C except tor unies B and D which still contained “white crystals and lots of
bubbles™.  Both of these samples were taken near the wop of their cespective units in the Bahiz et al (1963)
type section in Mortandad Canvon. The study was not pursued because of niehting ditficulties.

X-ray Floorescence Swady (1979 -- A preliminary study to see if X-ray fluorescence analysis would
disunguish umits in the Bandelier Tuff, The same samples were used as those in the Bandclier “glass” study.
Resualts were obtamed for Ag, Cd. Se. NiL B Cu. Nb, Pb, Sn. W_ As, and Zr. Samples from the Guaje and
units D and b were submitted to further comparative analysis for K. Mn. Zn. Ga. Rb, St, Ba, Fe, Cu, and Pb.
Resalts did not indicate that an expanded study wauld be useful.

Feldspar X-ray Fluorescence Study (19793 -- Smith and Bailey (1960) referred to an anorthoclase unit. Roy
A. Barley, USGS. (personal communicavon) identified the location as the outcrop 1 mile east of the back
cate vntersection of State Road 4 and West Jemez Road). This identification appeared to correspond to
Liat B therefore, X sampies of Unit F owere submitted for analysts. Al 8 samples showed sanidine plus
weith orthoctise with the exception of | which showed only sanidine. Samples were also submitted from the
Otowi and units A, BLand D all were sandine

High-magnification Reflected-light Microscopy and Scanning Electron Microscopy (SEM) Study (1979) --
One samiple cach trom Units Do Eand I owere analyzed. The reflected-light macroscopy revealed textural
duferences between the 3 units at high magnification (100x).  In the sample from Unit F, the SEM
ideniified soine mineralogical differences from Units D and E. There appears to be a higher concentration
of pyroxenes and other unidentified mioeral grains in Unit I'. Some of these unidentified minerals contain
constderable cerium and titanium. Tenmative dentifications based on 1 crystal each were ilmenite (Unit F),
ttanite (hin B kaebelbste (Umt B, and magnetite (Unit D): and temative idenuficaton based on 3 crystals
was magnetite (Uit By, Texwural and mineralogical differences were not dramatic =nough to warrant a
Jarger study necessary to prove the differences teal.

A Budding. Depanment of Geosciencee. New Mexico Institute of Mining and Technology
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Map Ceonstruction

In 1973-74, the topographic map of the LANL reservation was an ozalid print of pieced-together USGS topographic
sheets. In additior, the engineenng groups had 1opographic information produced by spot-mapmng. Existng aerial
photography sets were either old and mcomplete or extremely high altitude.  1n consultanon with the engineerning
groups, it was decided that a new aerial photography survey was needed not only for the geologic map but also fora
detailed topographic map of the Laboratery. Timing/funding dictated that two surveys be flown. The first was a
low-altitude, color-aerial-phatozraphy survey flown in September 1974 hy Program A415 This aeral photo set, at
a scale of 1 inch = 600 feet, was used for geologic mapping. fn the next 4 years, the engineening groups tlew their
own sutvey (after ground-truth, surveyed. points were established) and developed topographic sheets of the
Laboratory at a scale of | inch = 400 fect. The new topographic sheets, when they became available in 1978, were

used as field maps in combination with the color aerial photos

Using field notes, field maps. and a stereoscope. contact lines were inhed onto the set of color aeral photos. The
geologic map was scribed trom the aerial photos onto the new topogeraphic base sheets in the Fall ot 1980, 1n May
1093, the 1931 colar-proof set of the genlogic map was checked by an extensive review of the onginal color aerial

photos,

Discrepancies between the scale-controlled geologic map and the topographne base map exut Both aerial
photographic surveys strave 1o reduce distortion, but distortion in both exists. In the color set used for the geology,
the distortion s recognizable 1n the lines flown over Whie Rock Canyon of the Rio Grunde. In the set used for the
topography. distortian accurs throughout the survey and is particularly evident along the southern houndary of the
Labaratory reservation. In addition. the contractor who drew the topographic map set did not have equipment with
sufficient depth resolunion: therefore. some canyon bottoms are drawn on the tops of the Ponderosa pines. The
effect on the geologic map is twofold. Geologic contacts appear to be closer to some canyon bottoms than they
actually are: and contacts along the southern edge of the Luboratory reservation were adjusted to more closely
match the contours as drawn on the topographic base maps.

Any mapping project has the objective of finding the hest explanation of field observations  In detailed mapping,
all oddities require explanation. Even with good field work and the hest available tools, 1t is not always possible to
arrive at a satisfactory explanation for everything seen in the field or to have a map irrefutably demonatrate field
knowledge. There are actual mapping errars as well as perceived mapping errors.

Some of the vanables in this mapping project are:
* Field work was begun 20 years ago.
The project was interrupted for a period of 13 yeurs
Access to the entire map area for field checking is no tonger possible.
The topographic map base has errors due to its method of mechanical compitation
Errors were introduced into the geologic map compilation in order to make the outcrop pattern more closely
parallel the topographic contours as drawn.
As good as outcrops may be, the place where information may be most wanted is covered by some of the
following: vegetation. colluvium, alluvium, tan deposits. Ei Cajete pumice. consimicted fills. buildings. or
dumps.
* Aerial photo interpretation was used where direct observation was not possible.
® On aerial photos, the area of most interest may be located on the overlap-edge of 3 sterco pairs with the
result that it is never stereoscopically seen without some distortion.

[ N B B J

*

Every attempt was made to address field oddities even if the resulting map depiction would appear 1o show a
mapping error. Most fault lines were not observed in the field. Aenal photo interpretation of  hneations was used
1o come up with the best fit for field observed location and attitude of units. Because thas was o detailed mapping
project, the bias was to show displacements of as little as 3 feet and to show minor foldine  The majority of the
structure shown on this map would be 1gnored by larger-scaled projects.
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Location

The Pajanto Pliteau flanks the eastern sid: of the volcanic Jemez Mountains in north-central New Mexico. (see
Index Map) The plateau 1s 16 - 24 km wice and more than 48 km- long. It is bounded on the west by the Sierra de
los Valles, on the east by the Rio Grande, on the northeast by the Puye Escarpment. and on the southwest by
Cadada de Cochiti. The LANL reservation accupies the central part of the plateau’s nontheast-southwest trend.
The plateau slopes eastward from an elevation of 2377 m to an elevation of 1890 m. 1t is cut 61 - 122 m deep by
many southeast trending streams. On the western side of the LANL reservation, the named canyons from north to
south are” Los Alamos, Saada, Montandad. Two-Mile, Payanto, Cafon de Valle. und Water. On the eastern side of
the LANL reservantion, the named canvons from north to sowth are: Barrancas, Bavo. Pueblo. Los Alamos, Sandia,
Mortandad, Cadada del Buey, Pajarito, Potrillo, Fence., Water, Indio, Ancho, and Chaquehut. The dissected eastern
margin of the plateau rises 91 - 305 m above the Rio Grande and forms the western side of White Rock Canvon.

The twa most important canyons in the map ares are Los Alamos on the north and Water on the south. Both
canyons deeply cut the plateau. Each headsin the Sierra de los Valles. crosses the plateau. and empties into the Rio
Grande

Tshirege Stratigraphy

The Pajarito Plateau is cut in the layered Bandelier Tuff which is predominantdy of ash-flow ortgin. Bailey, Smith,
and Ross (1969) revised the Bandelier ta include an upper Tshirege Member and a lower Otowi Member. Each
member included a basal air-fall pumice bed. the Tsankawi and Guaje respectively. On the LANL Reservation,
most of the outcrop is Tshirege. For the detailed geologic mapping project to succeed, the Tshirege had to be
subdivisible into map units. According to the Code of Stratigraphic Nomenclature, a map unit is a lithostratigraphic
unit. A lithostratigraphue unit is defined by observable physical features and is independent of inferred geologic
history.

A cooling unit, defined by Smith (1960a), is a single or muliiple ash-flow deposit which has a common cooling
history. The cooling history may be essentiaily uninterrupted. producing a simple cooling unit, or broken by
successive emplacements before the underlying flow cooled. producing a compound cooling unit. Smith (1960a,
p.813) idemified the Tshirege as a multiple-flow compound cooling unit’". Smith (1960b. p.157) stated that "the
cooling unit, simple or compound. is probably the logical map unit in most unmetamorphosed rocks. It is a closely
limited tme unit as weil as a genetic rock unit.” Code of Stratigraphic Nomenclature arguments aside, if the
Tshirege is a compound cooling unit and the cooling unit is the map unit, then the fayered, 107(7) m thick Tshirege
is indivisible.

I agree with Smith (19604, p. 817) that the Tshirege Member is a compound cooling unit. 1 do not agree with Smith
(1960b. p. 157) that a cooling urit should properly be a map unit. In accordance with the Code of Stratigraphic
Nomenclature, [ divided the Tshirege Member into 6 hithostratigraphic-mappable units, Units A, B, C, D, E, and F.
A detailed description of each unit can be found in the Descniption of Cenozoic Map Units. 1t is unknown whether
any unit represents a single flow unit.  All unuits have widely-traceable, flow-unit boundanes. Unit boundanes
separate rock which is distinct lithologically from that above or below.

The Tshirege Member ash flows show facies changes hased on degree of induration. These changes are primarily
lateral. In general. the rock with the greatest degree of induration will be found at the proximal end. nearest the
source, of a flow. On outcrop, transition from one facies to ancther can be seen  Some units. however, retain their
facies character across the plateau. Induration may be due to welding andfor crystaflization. It is volume,
temperature, and Iithostatic-load refated. Hand specimens from the same unit, but different induration facies, have
similar phvsical and chemical properties. i

?

Ray Bailey tpersenal communication 1978) stated that hie and Bob Smith sull considered the Tshirege to be a
compaund coaling wa,
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Field terms for the facies (most ighly indurated to umndurated) are- “horizontal tracture rock’, ‘nppled rock’,
‘'massive’, ‘orange blocky’, 'hole rock’, and ‘rotten’. These terms are based on appearance. Degree of induration can
be heard in the sound made by a rock hammer stnking wff. Hammer sound divides the wff into 2 general groups,
‘ping’ and 'thud’. Cuolor is another indication of induration.

®  ‘Horizontal fracture yock': ‘ping’ rock, dark to medium gray, densely welded. vapor-phase crystathzation
present, bench former

* Rippled rock” “ping’ rock, dark to medium gray, densely welded, vapor-phase crystallization present,
tendency to be slope tormer

*  Massive’. ‘ping” or thud’ rock, dark to hight gray and orange, densely to moderately welded. vapor-phase
crystallization present. bench former

®  Orange blocky': “thud’ rock. orange. moderately to incipiently welded. vapor-phase crystatlization present.
bench former

® ‘'Hole rock’: 'thud’ trock. medium to light gray, orange, and white. moderately 10 incipiently welded and
nonwelded, vapor-phase crystaliization not present in white rock, tendency to be siope former

®  ‘Ronen’: nosound, light gray or white, totally unindurated loose material. blows away in the wind

‘Rotten’ outcrops are small. few, and easily hidden. Where protected by overlying indurated wff. ‘rotten’ facies may
be burrowed by insects. '

Unit induration. and induration within a facies, increases westward to the mountains. Exceptions are found in Units
B and C. The distal part of these units. at the edge of White Rock Canyon, are more highly indurated than their

immedrate lateral equivalents to the west. Darker color as well as closely-spaced columnar jointing indicate this. -

Ross and Smith (1961) discuss experimental work which shows that the presence of extremely small amounts o.
water vapor will significantly reduce the welding temperature.

A through-flowing ancestral Rio Grande existed at the time of the Tshirege eruptions. Immediately west of the
White Rock Canyon wall, in the southern pant of the map area, Units A and B do fill a north-south channel, perhaps
the ancestral Rio Grande. Unit A does not appear to show any increase in induration. Lower Unit B does show
increase in induration not only in the vicinity of the channel fill but for almost halfway across the plateau. And Unit
C shows an increase of induration tn the vicinity of the channel fill. The relative degrees of induration in the units
does not make a neat case for addition of water vapor trom proximity to an ancestral Rin Grande. In this particular
case, Unit C. sitting on top of 110 m of Unit A and B. has the highest degree of induration followed by the lower
part of Unit B.

{ncrease in water vapor may be the rcason for the reversal of degree of induration seen in Unit C and in lower Unit
B in their distal parts: however, proximity to an ancestral Rio Grande 1s too simplistic an explanation.
Genceral Unit Characteristics

All unit contacts are flow boundaries with sandy partings. A sandy parting may be a base surge (flow base), lag
deposit (flow top). or reworked deposit (flow top). If thick, sandy parungs show both laminar and cross bedding.

Phenocrysts are primanly quartz or samdine. The samdine may show chatovancy.  Diopsidic pyroxene has been
identified and ilmenite, titanite, knebelite, and magnetite tentatively identified.

“Tenting'. which may be related to fumarolic acuivity. is an crosional phenomenon. The upper surface is eroded inte
irregular tent shapes. There are no caps. Tenting oceurs in Units C. DL E. and F. but it is not seen in the distal pas

of any unit. Tenting’ does not occur cither in nonwelded or incipiently welded rocks. Tent rocks are seen in Unit A

where pedestal caps are hikely to be Unit C. The tent rocks in Unit A are not related to fumarolic activity.
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Fumarole evidence has been seen in all units. Fumarele vents have been identified on upper surfaces of Units A, C,
D.and F. lron-staining, producing a wide vartety of colors, has been observed atong joints in Units B. D, E, and F.
Opalization along joints has been seen in Unit F.

The pink mounds, observed in rock cuts in Units B and C, are probably related to fumarolic activity and
vapor-phase crystallization. The mounds have steep sides and gently sloping tops. Only the color of the rock is
changed. They cut across original texture creating no textural changes.

Structure

In the map area, tectonic fractures are refated to development of the Rio Grande Rift und the Jemez volcanic
complex. The Jemez Mountains are focated on the western border of the Rio Grande Rift, a linear and topographic
depressian formed hy faulting. The Pajarito Fault Zone separates the Pajarito Plateau from the Sierra de los Valles,
the eastern side of the Valies Caldera. In general, the Tshirege Member dips gently to the SE.

Ia the nartheast corner of the map area are three NW-trending faults. With these exceptions, all other N-S faults
and fold axes trend NNE. There is E-W faulting which rends NWW.

The Los Alamos Canyon Arch tnew term) and the Water Canyon Arch (new term) have similar NE wends to the
Pajarito Fault Zone on the west edge of the mop area. The Los Alamos Canyon Arch dies out to the south and the
Water Canyon Arch dies out to the north. Both arches are named for the first major canvon they cross as they enter

the map area. The Los Alamos Canyon Arch is east of the trend of the Water Canyon Arch and synclinal fold into
which it dies out.

The Los Alamos Canyon Arch is the easterm limb apex of the synclinal fold that's axis is on-trend with the Water
Canyon Arch to the south. The Los Alamos Canyon Arch extends to the south across the map area where it dies
out after crossing Cadon de Valle. The arch determines the western limits of exposure for the lower stratigraphic
units of the Tshirege.

The Water Canyon Fault depicted by Budding and Purtymun (1976) does not exist. The fault is an arch, the Water
Canyon Arch. Facies changes occur immediately cast or west of the arch. The Water Canyon Arch dies out to the
nonth after crossing Pajarito Canyon. South of Cafion de Valle, a fault begins which is immediately east of the arch,
Northward. south of Two-Mile Canyon. this fault becomees the axis of the synclinal fold which crosses [.os Alamos
Canyon.

North of the map area is the Los Alamos Fault (Budding and Purtymun, 1976) which dies out to the south. The Los
Alamos Fault 1s a monoclinal fold. on the eastern limb of the syncline, as it crosses Los Alumos Canyon.

Los Alamos Canyon is fault controlled. The Los Alamos Canyon Fault (new tenm) extends down Los Alamos
Canyon from the Pajarito Fault Zone to the Los Alamos Canyon Arch. 1t is downthrown to the north. This allows
the synclinal fold axis to be much deeper on the north side of the canyon. Beginning in the fault zone, is another
fault which extends west up the canyon. This fault is downthrown to the south. In the Pajarito Fault Zone, this
southward displacement allows eastward displacement and formation of a small graben on the south side of Los
Alamos Canyon. On the north side of Los Alamos Canyon, the fault zone is a faulted monoclinal fold which

bottoms at the synclinal fold axis. The small disptacement faults on the monoclinal fold are downthrown to the
west.

A NE trending hine, between the Pajarito Fault Zone and the Water Canyon Arch/synclinal fold line from Los
Alamos Canyon on the north to Water Canyon on the south. shows NWW trending faults stepping down from the
north and south until bottom out between the middie and south E-W branches of Pajarito Canyon on the north edge
of TA-9. The NWW faulting is small displacement faulting.
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SCHEMATIC STRUCTURE SECTIONS
DRAWN ON CONTACT BETWEEN UNITS E AND F
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DESCRIPTION OF CENOZOIC MAP UNITS

COLLUVIUM  [0-5()' m] -- loose material on the slopes of the canyon walls composed of sail and rock
fragments: deposited by rackfall, rainwash and sheetwash.

LANDSLIDE DEPOSITS  [0-30(7) m] -- suil and rock material depasited by slumping: occur on the
eastern side of map area where incompetent units in the Puye Formation ar i the Santa Fe Group
underiie hasalts or indurated wffs,

FAN DEPOSITS  {0-8(") m] -- stream-deposited, loose, pre-Bandelier rock-type muaterial deposited as a
result of movement in the Pajanito Fault Zone: occurs mainly along the western cdge of
map area. Gravels (heneath pumice) can be seen 5.5 km down slope at hase of well-developed,
mesa-top, suil profiles and approximately 6 km down slope at base of pumice-filled channel cut
in mesa top.

ALLUVIUM {0-35¢7y m] -- silt. sand, and gravel depoiited by recent streams. occurs in atl canyon
hottoms. Exposed bedrock ss rarely seen in canyon hottams,

TERRACE 1 [0-8(7) m] -- lower terrace gravels of Los Alamos Canyon stream near Los Alamos-Santa
Fe county hne composed of well-rounded. pre-Bandelier rock types.

TERRACE 2 10-2007) m} -- upper terrace gravels of Los Alumas Canyon stream near Los
Alamoas-Santa Fe county line composed of well-rounded, pre-Bandelier rock types.

VALLES RHYOLITE:

El. CAJETE MEMBER [0-607) m} - air-fall pumice deposits of rhyolite pumice cantaining
phenocrysts of quartz and sanidine preserved primarily on mesa tops of Pajarito Plateau. Eastern
most exposure in the map area occurs in Potrdio Canyon 1.2 km upstream {rom contluence with
White Rock Canyon  Thick, well-developed, mesa-top soils appear 1o correlate with the
occurrence of 1 Cajete pumice.

BANDELIER TUFF:

TSHIREGE MEMBER  [G(7)-107(7) m] -- unconsolidated nonwelded to densely welded ash-flow wuffs
and a basal, bedded. air-fall pumice, the Tsankaws Punice Bed  Uinit may not have covered
White Rock Basalt High. Ash-flow tuffs are here divided into units, ALB. C. DB and F, from
bottam to top. Units can be distinguished in subsurtace by their respective amounts of uranium
(). iron (Fe). thorium (Th). and cesium (Cs).

As mapped, Unit A includes beds of air-fall pumice, phreatomagmatic ash, and base surge
deposits of underlying Cerra Toledns Rhyvolite nffs 10-9(7)m] and succeeding basal Tsankawi
Pumice Bed [0.15 - L.15(m]. Because of thickness or topagraphic expression, neither the Cerro

Toledo Rhyolite tuffs nor the Tsankawt Pumice Bed are mappable units in map area.

UNIT F [0-15(7) m] - gray, pink or crange, moderately welded to densely welded wff which
weathers with thin vrange or black rind.  Unit contains rare fithics” up 1o 10 cm in length.
Pumice fragments, frequently flattened with vapor-phase crystallization. are commonly 1-2 cm i
length but may be as long as 4.5 cm. Pumice color may be same as matrix or may be gray,
lavender, pink, orange. or red-brown. Vapor-phase crystatbizaton present throughout umit,

Thickness i estimated from the geologic nap and tick! notes sice there are no measused sections,
The term “fithies”, as used 1 this paper. does sot include pumice.



Labophysae, with concentne shell siructore, are occastonally seen near amr base Contamns 1-2
wo-beanng crystals (pethaps. identified diopsidic pyroxene) winch weather as pin-head size n
spots. Phenocryst content overall 1s approximately 6%, Phenocryst gran ssze is fine-sand to
mm (pebble).

Highvst stratigraphic umt which crops out un the Pajarito Plateau Unit thins eastward and m;
represent more than one ash flow Unit extends farther eastward in southern part of map are

Distal edge of  unit probably did not extend much beyond Los Alamos end (LAg) meridi
F40+00

Umit 1op and unit east 0! Water Canyon Arch (and east of synchinal fold 10 north into whic
Water Canyon Arch dies out) are less indurated and lighter in color although still ‘'massive’ facie
Fhe buff-colored wift has pink 1o orange  vapor-phase-altered pumice. Weathering produces

'swiass cheese” appearance. Amount and size of pumice increases eastward as does amount ¢
lithics

At places. unit wp surface has fumarole vents and spectacular differential weathering feaving
joints i rehel More common s red/pink/orange iron-statning along joints in unit upper pan
Tenting', & wewthering feature. is occastonally seen on top surface.

Uit has been intensely altered o vicimty of Water Canyon Arch on both north and south side ol
Water Canyvon. Uimit on south side s pu.plish, densely welded rock with red fiamme.  Unit joints
appear to have been opalized on aorth side.

Uit can be wdentified using UL Fe, Th, and Cs contentin 7339 of cases

Umit ¥ s separated from Uit E by a sandy parting. Parting may show laminar or cross bedding
and may be up to 25 cm tinck.

(b, tt ke 10-90¢0 m} -- mnk. bight orange, light to dark gray. nonwelded to densely welded tuff
which weathers with thin light-brown, orange. or black rind.  Lathics, 1-10 cm. present in unit
upper part in some places.  Pumice fragments, geaerally rare or confined to stringers. show
vapor-phase crystathzation. Unit topr in places is punyice-rich as is some rock in the "horizontal
fracture rock” factes. Evenan densely welded rock, pumice may not show much collapse. Pumice
fragments. commonly 1-2.5 cm. may be 0.5-23 cm in length. Pumice color may be same as
matrix or may be light 1o dark gray. tan, red-brown, or red.  Vapor-phase crystathization present
throughout the unit. Lithophysae, with concentric shell structure, are occasionally seen in unit
base and top. Contains 1-8% ron-beaning crystals (perhaps. identificd diopsidic pyroxene) which
weather as pin-head size (and largern) rust spats. Unit top contains the least iron-bearing crystals.

Phenocryst content overald s 15-20%. Phenocryst grain size 1s fine-sand to 4 mm (pebble).
Chatoyant feldspar may be seen in unit upper part.

Uinst thins eastwiurd and represents tour or more ash flows  Each flow s bounded by thin sandy
partings. West of Pajarito Fault Zone m Los Alamos Canyon, Unit £ appears 1o be four flows. |
East of fault zone, comphicated Unit B strangraphy may show more than four.

Unit extends tasther eastward in southern part of map area. Distal edge of unit probably did not
extend much beyond LAg meridian E180+00. Unit bounded above and below by widely traceable

sundy partings. Unit [ hthology is different from Unit ¥ above or Uit D) below.  As a whole,
Unit | has a hagher degree of welding than any other unit.

’;
|
i
i

Unit fows show facies changes. Lateral facies changes have a northeast rend.  Unit induration,
for a given LAg meridian, will be less 1o the south. Field tenms for the facies (most densely



wekied to nonwelded) are: ‘horizontal fracture tock’, ‘nippled rock”. 'massive’. ‘orange blacky’, and
rotren’.  Unit stratigraphy appears to be more comphcated from Canon de Valle south.
Along the western edge of map area. Unit F rests on ‘nppled’ facies in north and in ‘massive’ in

south.  In south, a general Unit E section would have 'massive” stacked on ‘nppied rock” which s
stacked on-"honzontal fracture tock’.

Muoving eastward, in north, ‘massive’ changes colar from gray to heht-orange and grades into
‘orange blocky”  In south, ‘honzontal fracture rock’ changes o nippled rock’ to ‘nussive” te
‘orange blocky' Lateral transition in Uni* E from hard gray rock to softer heht-arange rock begins
immediately west of the Water Canyon Arch tand synclinal 1old to north ante which Wate
Canyon Arch dies out).  Distal edge of top {low {number 4 ("3his also unmediately west of
Water-Canyon-Arch/synchinal-fold ine. Distal edge of flow number 2 (s iimmediately to eay
of Water Canyon Archin Cafion de Valle

Bowom flow , pumber 1. appears to have the greatest fiteral extent. Generally. moving eastwirg
from Water-Canyon-Archy/synchnal-fold lire. bottom flow nippled” factes underlies flow numbe:
307 ‘orange blocky' facies  Eventually, bottom flow turns into o ‘massive’ heht-orange bencl
which is separated by a sandy parting from ‘orange blocky facies of flow number 3ty Thee dista
edge of Unit F is a 1.5 m ‘arange blocky” facies which is probably distal edge of bottom flow.

Weathering of all facies generally presents massive appeariance “Tenting'. a weathering feature.
occastonally seen. ‘Rippled rock’ facies appears to exfohate

Unit upper part has red discoloration (in ‘rippled rock’) along joint faces and also has joint £
which have heen leached white 10 a depth of 15 cm and then banded by 4 cmof pink ff w_ J
grades into normal light-gray (massive’). Fumiroles are seer i horizontal fracture reck’ facies i

Pajarite Fault zone on State Road 4

Uit has been mtensely altered in the vicimity of the Water Canvon Arch on south side of Wate
Canyon  The entire umit 1s soft.  Beneath contact with Unat £ Uit £ s punnce-rich. Unaidtere
punice (to 20 cm long) weather-out. Beneath pumice zone is a lithic-rich one with lithics vp 1
10 cm lone. Unit lower partis white with voids and appears feached  On north side of canyon
‘honizonta! fracture rock” and ‘nippled rock’ facies are stll present in unnt

Unit can be identified using UL Fe, Th, and Cs content in 41.2% of cases. Nuinher of cases us¢
was probably insufficient to characterize piven unit complexity

Unit E boundary partings may show faminar or cross bedding. Upper contact parting may be
to 25 cm thick. Lower contact parting may be up to 1.2 m thick  Where lower contact parting
thick. Hithics up to 0.4 m may be found at base of parting.

Qbr,, Unit D [007)-337) m) - pnk. brownish-gray, ight gray 1o datk gray. nonwelded to densd
welded wift which weathers with thin light-brown. gray, or light-orange rind.  Unit contains r{
lithics up to 25 cm in length. Pumice fragments with vapor-phase crystallization are commo
0.2-1.5 cm in length but may be as fong as 4.5 cm. Pumice color may be sarme as matrix or
be gray. brown, pink, red, or lavender. Vapor-phase crystalhzaton present throughout the u
Contains 0-1.5% iron-hearing crystals which may weather as pin-head size rust spots.  Unit
may contain up to 3% iron-bearing crystals. Phenocryst content overall is 15-50%. Phenoc
grain size 1s fine-sand to 6 mm (pebble). Chatovant feldspar may be seen in unit upper or !
part.

A

oS

map area. Distal edge of unit probably extended bevond present day Rio Grande river co
Unit D lithology is different from Unit E above or Uit C below. It s predominantly incipi

Unit thins castward and may be single flow. Unit extends farther castward in the southern pa\;



(o moderately welded it Densely welded outcrops Cnippled rock’ and ‘massive’ facies) are
tound m upper Water Canyon west of Water Canyon Arch. Unit is only umit 1o approximate a
single cooling unit

Unit upper amd lower parts are sfope formers. They may have eastly disageregated nodules
{vapor-phase induration) which weather in rehief  Upper part is much thinner than lower pan.
Muddte part, ‘'massive’ facies, forms 2 bench. Tenting', a weathering feature of bench top surface.
occurs in vicmity of Los Alamos Canyon Arch or arch lineation west - Weatherning ot middie pant
may produce & swiss cheese” appearance Muost of unit has some degree of induration although
the induration may he largely due to vapor-phase erystallization. 'Rotien’ tacies 18 not common.

Fumarole vents are preserved in the middle part Iron-staimng aleag coohing yomnts in Unit D s
the most colarful and commuon for all unrts Calars seen are vellows, oranges reds. and purples
. All colors may be seen i same outerop.

Umit can be adenntied using UL Fe. Th. and Cs content in 93.7% of cases

Unit D houndary partings may show faminur or cross bedding. Upper contact parting may be up
10 £.2 mthuck wath lithics (up 10 0 4 my at the base. Lower contact parting 1s thin and rarely seen

Qby, Unu € (01134207 m] -- pink. hieht 1o dark gray. incipsently welded to densely welded tutf
which weathers with light-hrown or orange-brown nnd. Unit comains rare hithics up to 10 cm in
length  Pumice fragments show vapor-phase crystallization and are commonly 0.3 10 1.7 cmin
length but may be as long as 10 cm. Throughout most of unit. pumice fragments are rare or
confined to siningers. In unit base and top. they may represent up to S0% of the rock. Pumice
color may be same as matrix or gray . Vapor-phase crystallization present throughout unit. May
contain .5-1% iron-hearing crystals in unit base up imo unit middle  Dropsidic pyroxene

e . - . . . . .
idenntied in unat base. Phenocryst content averall is S-20% with unit top and base having the
i smatlest percentage. Phepocryst gramn size 1s fine-sand 10 3 mm (granulel. Contains chatoyant

feldspar

Unit thins eastward and may represeat three flows. Westernmaost outcrops occur in upper Water
Canyon west of Water Canyon Arch i sonthern pant of map arca. Distal edge of unit probahly
extended bevond present day Rio Grande river course.

Umit C bithology is ditferent frem Unit D above or Unit B below. Allowing for thickness changes.
: outcrop appearance over the plateau s remarkably consistent. Unit 15 ‘'massive’ facies with
exception of ‘horizontal fracture rock’ facies exposed in bottom of Water Canyon just east of
Water Canvon Arch. On west side of White Rock Canyon of Rio Grande between Water and
Ancho canyons. unit shows closely spaced columnar jointing. At places, unit top surface has
fumarole vents.

Evidence for three flows, separated by discontinuous sandy partings. occurs near White Rock
Basah High in Pajarito Canvon and to south  South of Pajarite Canyon. unit reverses eastward
thinning In a north-south band approximately 2.4 km wide, umit may be twice as thick as it is to
west or east. Band  appears to be influenced by the White Rock Basalt High. Band crosses.
Potrillo (TA-36), Fence. Water (mudreach). Ancho tributary (TA-39). and Ancho canyons.

Unit erases any residual effect of White Rock Basalt High. Unit C crosses channel fills without

changing thickness appreciatively.

Unit is bench former. Stnpping occurs on upper surface  Tenting', a weathering feature, occurs

it a northeast-southwest band. approximately 3 km wide. begmning just east of Los Alamos

Canyon Arch or arch linestion and extending to the southeast.  Weathening affects joint

N trequency  Joint spacing s greater in Area G.TA-S4, pits than on outcrop at edge of Mesita del
Buey.
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Uit can be identified using U, Fe, Th, and Cs content in 100% of cases.

aﬁ.’@’ " I

Unit C boundary partings may show laminar or cross bedding. Upper contagt paning is h;

rarely seen.  Lower contact panting is also. thin. Qn autcrap. lower paning can thicken s " %"d

crr to 15 em and thin to 0 cm. Lower parting is more frequently seen from mid-plategy, castw, : R
a %

S0

Qbt, Unit B {0-33(¢?) m} — white, light gray, pinkish gray. purplish gray. light orange, buff, saim
inzipiently to moderately welded tuff which weathers with  gray. light-brown, brown lio(;"'
vrange, or orange rind. Unit comains up to 3% lithics commonly 0.5-1 ¢m in lengih buy 'up ?o; B ¢
cin long. Unit base contains highest percentage of lithics. Pumice fragments show vapor-pl.ase 2
crystaffization and represent 5-25% of rock. Generally, unit base and top contain the greates;
percentage pumice. Pumice fragments may be up to 6 cm in ength. Unit lithology is remarkable A
for number of pumice fragments in 0.1-1 cm range. Pumice color may be same as matrix of gray

lavender. light-brown, or brown.  Vapor-phase crystallization present throughout unix’

Lithophysae. with concentric shell structure, are occasionally seen near the unit base. Unj m;;

occasionally contains < 0.5% iron-bearing crystals (perhaps. diopsidic pyroxene identified ip tob - 2Y -

and base). Phenocryst content overall is 1-15%. Phenocryst content appears to decregse fom § &
base to top. Phenocryst grain size is medium sand to 3 mm (granule). Chatoyant feldspar maybe |
seen in unit Jower and iniddle part.

Unit thins eastward and may represent more than one ash flow. Distal edge of unit probably
extended beyond presnt day course of Rio Grande.  Unit thins 0 0 m on White Rock Basaly
High on western and rorthern edge of White Rock. White Rock Basalt High influences thickness

north until reach Los Alamos Canyon and south until reach Ancho Canyon. :
in both northern and southem parts of map area. unit does not extend west of Los Alamos 3
Canyon Arch or arch lineation.  Westernmast outcrops occur in Water Canyon 0.7 km west of £ o

confluence with Cafion de Valle in southern part of map area.

Unit B lithology is different from Unit C above or Unit A below. Unit is "hole rock’ facies with
one exception. At eastern edge of plateau. lower part is orange welded wif which may show ¥
closely spaced columnar jointing, ‘'massive’ facies. In middle part of plateau, unit tower part, Unit §:
Ib (Baltz et al, 19631, begins to lose its character and becomes indistinguishable from unit upper
part, Baliz's Unit 2a. As move westward from Rio Grande, joint number decreases, massive
appearance disappears, and finally color fades into gray. All of these changes occur immediately '
above the notch which marks boundary between Unit A and Unit B

Unit is slope former in any given section. Unit B is slope between vertical expressions of Unit A §
below and Unit C above. An oddity since unit induration is Unit A < Unit B < Unit C,
Weathering may produce a 'swiss cheese' appearance. Unit weathers to produce large holes.
Holes are frequently aligned vertically or a1 some acute angle.

There are variations in unit profile in the eastern half of plateau. At Rio Grande, unit base
orange bench with a light gray siope above. Moving westward, unit base is orange bench with
suggestion of bench forming in middle of light gray slope above. Midway, slope has orang
coloration at top and bottom with light gray in middle. Orange coloration at top may
weathering product only. Further west, slope is white or light gray with orange coloration at topg -
Unit completes the filling of topographic lows in erosional surface cut in Cerro Toledo Rhyoli
tuffs. Otowi tffs, and basaltic lavas and wffs of Cerros del Rio. Unit B reaches its maximu@:

thickness, 91(?)m, in a channe} fill exposed in lower Water Canvon near the Rio Grande. v
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Uit can beadentdied ustig Ul e The and Cs content in 91.3% of cases

Lot B boundary partings may show laminar or cross bedding  Upper contact parting s
predominamly thin but may be up o 1S cm ek in places. 11 more frequently seen from
mud-plateau eastwird  Lower contact parhing is thun and rarely seen

Lroae A [0C7)-43¢7) ] -- whate, light-gray. gray. light-orange, orange. nonwelded 10 incipiently

welded tuff which weathers with hpht-orange or orange rind. Unit upper part contains lithics
commonty < 2 cmin fengih Punnce fragnents. do. gat appeas ko be atered except o unit top
where they show vapor-phase crystallization. Pumice fragmemts. 0.3-15 ¢m in length, are same
color as matrix. Vapor-phase erystallizatuan present s unit upper £.5-3 m and may be especially
miense in unit upper 0.9 m - Lithophysae, with concentric shell structure. are occasionatly seen in
unit top midway across (west (o cast) platcan. May contain 0 5% iron-bearing crystals in unit
nuddie part. Diopsidic pyrexcene identfied m unit top. Phenocryst content overall 1s 7-10%.
Phenvceryst eriim size s fme-sand to 3 mm (granule).  Chatoyant feldspar may be seen in uynit
upper part

Uit thins eastward and may represent one ash flow.  Distal edge of ume probably extended
bevond present duy course of Rio Grande Uit crops out tarther westward tn northern part of
map arci. Westernmost outeraps occur in Los Alamos Canyon just east of Los Alamos Canyon
Arch. Outerops in southern part oceur 3 km east of outerop menidian v potthern past.,

Unit A dthelogy is different from Unit B above or - Owowi Member helow. Unit is ‘hole rock’
facwes. Ung primarily white or light gray  Beginaing 4.5-6 m {rom top. unit changes to orange.
Color change is associated with beginmng of vapor-phase crystallizaton. Upper 4.5 m show
increase e puanice {ragments, lithics and crystals. Unit basal 0.6 m shows laminar bedding.
Non-orange Untt A has hard pumice frugments which weather in sehef Pumice fragmems may
semain glassy, with fibrous structure and silky luster, throughout umt.

Unit rests on bedded wir-fall et (s of Tsankaw i Pumice Bed. Tshirege Member. which are gray or
sadmon  bnomap area. Fsankawi is rarely seen outside of outcrops in Los Alamos and Pueblo
Canvons. Tsankhawi is fregquently covered with colluvium. In places. Tsankawi is absent and Unit
A rests on OQtowi ash-low deposits. Orowi uper part contains far more lithies than basal Unit A,
Unit A not observed to rest on Cerro Toledo Rhyolite bedded tufts wiich have appearance similar
1o Tsankawi,

Unit s farst to 1 moopographic lows of erosianal surface cut in Cerro Toledo Rhyolite twffs.
Otow tutfs. and basattic favas and wils of Cerros del Rio. Tsankaw hlankets and preserves the
crostonal surface. Unit A reaches its maximum thickness. 69U m. in a paleotopographic low in
fower Chaquehur Canyon near contluence with Rio Grande

H exposed. unit expression 1s o vertical profile. Unitis frequently covered with colluvium. Base
ts rurely seen. Erosion of colluvium cover on lower part may produce tem rocks with Unit A
puedestals and Unit C (predominantly) caps Uit weathers o produce farge holes.  Holes are
frequenty aligned vertically or ot some acute angle. Jointing does not obviously contsol hole
abignment, Joints are difficult to see and can sometimes be recogimzed by caliche coatings which
may weather an relief. Indian clY dwelhings were bt in Unit A It s thought that Indians
enlarged existing hales at base of verneal chifts

Uit can be adentified using U, Fe. Th. and Cs content i 100% of cases
Lot upper contact weathers with a distinctive. pronosnced notch which is widely traceable across

platean.  In smooth-taced vertical cliffs, a darker line marks position where notch will develop.
Stapping oceurs on idurated  top surlace  Fumarole vents are paeserved on top surface. and
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fumaroles can be scen tlerminating at top surface.  Fumaroles in unjt ¢ not sh
iron-discoloration. A thin, rarely seen sandy parting separates Unit A from Unii B Show

Qbo  OTOWI MEMBER [0(7)-46(?) m] - nonwelded ash-flow tuffs and a basal, bedded air-faly pumice
Guaje Pumice Bed. As mapped, does not include Guaje Pumice Bed. Unit may neq hive cov‘ the
White Rock Basalt High. Unit deposited on Puye Formation or Basaltic avas and tufts of (‘:m’
del Rio. k mos

Ash-flow wffs represent two or more ash flows. Unit is almost always covered with colluvi
. . . !
Top is more likely to be seen than base.  Upper and lower contacts are rarely seen l-‘n,g,,"m'
colluvium cover may produce tent rocks with Otowi pedestals and Unit, (predommantly) clxp "ol
g aps.

Qbog Guaje Pumice Bed [0(?)-15(7) m| -- bedded air-fall pumice. Mapped independently from regt of Otowi
Member. owi

QTp PUYE FORMATION [12(N)-61(1)] -- conglomerate and coarse sands with interbedded arr-fall pumi
Material primanily derived from Jemez Mountains volcanics, Tschicoma Formation, Near ';c.
Grande, Puye also includes clasts of Precambrian quartzites and crystalfine rocks. Landsli(;:
deposits in northeast corner of map area are result of Bandelier underlain by lake clays. A
mapped. Puye includes these lake clays. Lake clays were not mappable on aerigl photos b&au .
of their color. Qutcrop could not be distinguished from dense growth of panticular plant in area *

QTh  BASALTIC LAVAS AND TUFFS OF CERROS DEL RI0O [unknown) -- thick sequence which forms
the White Rock Basalt High. In Cerros del Rio on east side of White Rock Canyon of Rio
Grande, sequence is more than 396 m thick (Griggs, 1964).

Tsf SANTA FE GROUP As Used By Galusha and Blick (1970 funknown) -- strongly deformed, poorly indurated,
fossiliferous. basin-fill sediments of the Espafiola Basin. Deposits are not the p;ndua-nf a
through-flowing ancestral Rio Grande. Galusha and Blick (1971) give a thickness of greater than
1370 m. )} ‘
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