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, Tl,(· t,YJ•C· _~n a of the iS.1nt:. Fe fom_1ation (late, Tertiary) is the region north of 
:::'ant a } .... _?\.-w !\lexw•l. '-" twr·t·". the ::,,rng_re de Crli'lo nncl .Jerlli·Z mountains. The 
lonuatwn melndl'.- grul·l'i. ""nd. ,lit. Yol•·antc ash, a_nd a httlc clay. Intraformational 
bretTICIS arc abnnd,mt tn t·r·rl<111l zun""· l\lost ot the"" matPnnls were laid down 
as coalci'ting a)hl\·ial fan' in a _h:~:"in 11·hich. ~t _it.-; maximum, cxtL·ndf'd to the easJ 
and J'l'Obably tar to the II'L'>t ol ll1" i•n·<O~nt ltnul$ of the furmntwn. This nlluviultl 
was. depo~ited by streams whidt flowt•u west11·aru from hig;hlands thut bordet·ed the 
busm on the <'U-4. Throughout most of the penod of depo,;ttwn these highlands 
were rc-lativC'Iy low. Dming late :-anta Fe time thP eastem hi~hlnnr!s stood at a 
sonwwhat grL·uter de1·ation rf'latil·c to the ba~in floor. and ri1·cr gmn'ls indiente 
that the ('enter of the ba.<in was occupied by a through-flowing ri1·er. The ennt< 
of post-Santa F'c time k1n! eith<•r removed or concealed all t•:a('e of the t.lepos1t; 
Ia!(! down tn the \\'f'$lf'l"n part ol the basm. Po~t-Santa Fe <IPlormatwn has gi,·en 
thP beds a general we,;tward dip at angles of 5 to 10 dC'grePS Ot' more. At mam
lo<·alities the beds are dispheed hy normal strike faults. many of which are filled 
with comdonwrate or >'anrl dik!'s. Similar faults di~pl:wc thP uneonformitv whirii 
separates the !ormation from the older roc·ks to the east. Along their wpst border 
the Santa Fe bC'ds are cu1·ered by th!' younger sediments anti volcanies of the 
JPnwz Mountains. 

ll'ITRODVCTION 

The uncon;,olic!atcd alluYial depo~its '"hich partly fill the Rio Grande 
Depression near Santa Fe, New 11cxico (Fig. 1), were first described by 
Hayden in 18G9 and wPre eallPd the ''Santa Fe marl". Fossils found by 
Cope (1874. 1884) werr a~;;igncd to the middle 1Iioccne rpoch. An Fpprr 
J\liorr·nf' nnrl Lmn·r PlioceJw agf' is n·conkd by later workers (l\Tatthr1r, 
1900, p. 19-75; O:>born, 1909, p. 65; 1918, p. 34; Simp8on, 1925, p. 230: 
Frick. HJ3:3, ]1. :)0.5-652). In hi:; latest pap('r Frick (1937, p. 6) li~ts nil 
the foso:il loralitif's under the heading "Late Tertiary" or "l\1iddlc 
).-Iioccnc to l:pper Pliocene''. Althou~h early "·orkers interpreted tl1r 
formation as a lnrmtrine rh'po~it, rerf•nt studie~ support the flu\·iatilc 
hypothesi." originnlly propo~rd by D:n-i,; (1900) nnd (·laboratcd hr 
Johnson (1!10:]). Throughout norlhem ::'\t11· ).lf'xico lllost of the uncon

solidated rlc·po~its of the Rio Grande Dc·pre~sion 1\"l'J·c originally con· 
sidcred to hr one for111ation. For exnn1ple. on thr gPologic map of l\'~11 

Mexico hy D:nton (l'. 8. Geol. Sun·f'y, 1928) thc;:e rlPposih> rue grouped 
together as o1w formntion a~~i~nPrl to the l\Iiocc·nP and Pliocc·nc. Holl·
l'n'l'. rrl'rnt ~twlics haYc shown that this unron~olidatcd alluvium i; 
divi:-:ible into ~cn.'ral formation~, ~onw of wl1ich lie abnYe :md ~omc br]mr 
the fm:~il-l)('aring; hf'rl;; of the type n·~ion. In the Abiquiu quadran~k 
Smith (19:~K) found lim fonn:i1ion-:, tlw Abiquiu tuft :mrl the El Hitn 

formation. whirh nre ~trnti~raphiJ·:dl~· bPI0\1' thP llf'd~ r:-;anta Fe forma· 
tion) \\'liich ht· correlah< ,,·ith Ira~·,J,.n·, '·::;:tnta Ff• m:1rl". Cabot (!03~ 1 

. • ...... I 
,, I _________________________________________ .;;..,._..;.... .. 
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680 C. S. DENNY-SANTA FE FORMATION 

found a tuffaceous deposit, the Picuris tuff, below the "Santa Fe 
in the Picuris re-entrant (Fig. 1. East side of Rio Grande, 
Abiquiu). 

The name, Santa Fe formation, is now used for those deformed 
predominantly fluviatile deposits of the Santa Fe region that contain . 
vertebrate fauna. Similar deposits which contain a few 
remains are found throughout most of the Rio Grande Depression in 
Mexico and are correlated with the type region (Bryan, 1938, p. 
These deposits are probably the equivalent of the Gila COilglomter1ate 
southern Arizona (Gilbert, 1875; Knechtel, 1936). 

Although extensive collections of fossils from the Santa Fe torma,tii 
have been gathered in the region between Santa Fe and Taos, except 
the study of the Abiquiu area by Smith (Smith, 1935, 1938) and 
of the eastern contact of the formation by Cabot (1938), no 
map of the formation in this area has been published. The writer 
about six weeks to a study of the formation in the southern half of 
Espanola Valley and compiled the geologic map (Pl. 1) from 
recorded on aerial photographs and drainage maps of the U. S. Soil 
servation Service. The limited time available for field work, the 
ability of the formation, and the abundance of faults make it ""'"'v"'"''"~ 
to present a complete stratigraphic column for the Santa Fe 
in the type region or to give a precise figure for the total thickness 
rocks exposed. The various subdivisions of the alluvial fan 
cannot be mapped as distinct lithologic units and are given below 
the convenience of description. 
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LITHOLOGY 

ALLUVIAL FAN DEPOSITS 

Gravel and coarse-grained sand.-The gravel is irregularly stratified, 
and most outcrops show cross-bedding (Pl. 2, Fig. 1). Individual strata 
are from a few inches to 10 feet or more in thickness, and in most places 
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,...H,UftE 2. htREnt.JLAR LENSEs or GHAVEL IN SAND 
of mesa about 2Hi miles north of C:himayo. (Shadows ut base of gravel lenses). 

COAHSE-GRAINEO FAN DEPOSITS 

------------·-·-------



BULL. GEOL. SOC. AM., VOL. 51 



LITHOLOGY 681 

coarse-grained members are the thickest. The constituent pebbles, 
-.;·vu•'""'• and boulders are angular and subangular. Colors vary from 

gray to reddish-brown. The stones in the gravel are predominantly 
Limestone, sandstone, and volcanic rocks occur in relatively 

amounts. Most of the gravel is partly cemented by calcium 

· Bouldery gravel occurs only near the eastern limits of the formation. 
an arroyo about 1% miles north of NambC Falls (Pl. 1; T. 19 N., R. 
E.) this gravel rests unconformably on pre-Tertiary rocks. The 

are angular and more than one foot in diameter. Only a small 
of matrix is present. A faint stratification can be seen. This 
is perhaps a true fanglomerate (Lawson, 1913) . 

. Lens-shaped masses of gravel interbedded with coarse and fine-grained 
are locally abundant. Exposures in cliffs show discontinuous beds 

gravel which vary greatly in thickness and locally crosscut the stratifi
. of the surrounding layers of sand (Pl. 2, Fig. 2). 

· The eoarse-grained sand is unsorted. The individual grains are angular 
consist predominantly of quartz, feldspar, and rock fragments. 

strata nmge from one inch to several feet in thickness. Cross
is visible in many exposures. The texture changes rapidly from 

to bed or from place to place in any one bed (Pl. 2, Fig. 1). Pebbles 
fine sand are scattered through the coarse-grained sand. 

, u1.P.-•~rn.u"1.P.d sand and siU.-The fine-grained sand and silt form even 
which vary in thickness from a fraction of an inch to 10 feet. The 

dual beds can be traced for considerable distances. Cross-bedding 
ent. In some places the foreset beds are as much as 15 feet in 
and dip at angles of only a few degrees. Perhaps such strata are 
deposits. Layers of grayish-white, clean, well-sorted sand form 
massive beds which may also be of eolian origin. Fragments of 

bone arc abundant on the outcrops of such beds. · 
vary from white to gray to yellow to reddish-brown. Most of 

••· sand is poorly sorted, and some strata contain a few pebbles. 
sand concretions from an inch to one foot in diameter are found 
white sand. 
beds of brownish, poorly-sorted sand are partially cemented 
carbonate. Layers of brownish sand contain irregular masses 
which are partly cemented by calcium carbonate. The 

of the layer is unconsolidated. Such strata resemble the beds 
which mantle erosion surfaces in the vicinity (Bryan and 

1938, p. 5-6) and may be due to the evaporation of ground 
during deposition of the sand. 
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Fine-grained beds are well exposed in the south bank of Pojoaque 
just east of the highway bridge at Pojoaque and in the vicinity 
main highway from Pojoaque to Santa Cruz. Beds of tuff and 
formational breccia are locally interst.ratified with these 
rocks. 

Clay.-Except at a very few localities clay is not found in 
deposits. A gray, calcareous clay (?) interbedded with sand 
was noted at a point about 2 miles north of Chimayo (T. 21 N., R. 
Clay balls are found in fine-grained sand and silt at many •v .......... "': 

TufJ.-Layers of white to gray tuff are intercalated with the 
grained fan deposits. The tuff beds range from a few inches to 
in thickness and can be traced for a mile or two along the strike. 
at a few localities the beds are disconformable on the underlying 
Layers of unstratified tuff are probably the result of ash 
temporaneous with deposition of the alluvial fans. Stratification 
tuff suggests reworking by streams. Tuff beds are abundant in the 
of the main highway from Pojoaque to Santa Cruz. 

Intraformational breccia.-At several localities intraformational 
is found intercalated with fine-grained sediments. These breccias 
of fragments of vari-colored clay and silt scattered throughout 
grained sand that shows definite stratification (Pl. 3, Fig. 2). The 
fragments are angular, oval, round, or slab-like, and range in 
from one-half inch to 6 feet. Most fragments are less than one 
diameter. At one locality a cross-bedded sand contains balls of 
as much as one foot in diameter, and irregular blocks from 2 to 3 
wide and 6 feet long. The breccias do not exceed 50 feet in 
about 20 feet in width. They rest disconformably upon 
fine-grained sand or silt (Pl. 3, Fig. 1). 

Many exposures show contemporaneous deformation of 
which surround a lens of breccia. Cross-bedding and channel 
fine sand and silt, similar to those figured by McKee (1939, Pl. 2) 
the lower part of the delta of the Colorado River, are locally 
with the breccias. Intraformational breccias are exposed in the 
bank of Pojoaque Creek just to the east of the highway 
Pojoaque and also in a butte (Pl. 3, Figs. 1 and 2) on the south 
Arroyo Seco about one mile east of the highway crossing. 

RIVER DEPOSITS 

Gravel and sand.-The river gravel in the Santa Fe formation 
of stones which are either round, oval or sub-angular (Bryan, 
p. 207). A little brownish-gray poorly sorted sand makes up the 



DENNY, PL. 4 
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Ft(;UnE 2. SAND D1t<E ALONfi F/\IJLT PLANP. Prospcrt pit unc mile ea~t of Santa Cruz. 

SANTA FE RIVER GRAVEL AND SAND DIKE 
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. ·l;etween the pebbles. Water-worn boulders of purplish and bluish-gray 
·· quartzite reach a maximum diameter of one foot; other stones 

·reach a minimum of one-half inch. In some exposures the· average 
·.diameter is from 6 to 8 inches (Pl. 4, Fig. 1) ; elsewhere it is 1 to 3 inches. 

types include quartzite, quartz conglomerate, dark, fine-grained 
rocks, a few pink "granites", fragments of tuff, and various 

, . · porphyries largely of andesitic composition some of which are 
· ,~lightly water-worn. Individual strata range from 2 to 20 feet in thick

leas. A fine-grained sand is interbedded with the gravel. Cross-bedding 
\faa not observed. In some places the river gravel is interstratified with 

·gravel of the alluvial fan type. In the area studied the only exposures 
river gravel are in canyons on the west side of the Rio Grande (Pl. 4, 

Pig. 1) to west of Buchman (T. 19 N., R. 7 E.). 

Silt and clay.-A greenish silty clay, which is associated with river 
: sravel, was noted in one of the canyons to the west of Buchman. These 
. ·outcrops were not studied. 

VOLCANIC ROCKS 

In this area volcanic rocks are almost lacking in the Santa Fe forma
·1ion. Near Rio Nambe and Chupadero and to the west of Pinon Moun
._in (T. 18 and 19 N., R. 10 E.) there are outcrops of at least one 

(?) flow, which ranges in thickness from 8 to 15 feet and is 
"MI~nr.i,,.t .. ,rf with tuffaceous gravel and sand. This sequence rests uncon
formably on pre-Tertiary rocks. These tuffaceous deposits lie con

. lllrmably beneath typical arkosic Santa Fe sand and gravel, and perhaps 
.l'elliresent. a very early phase of Santa Fe deposition. They are described 

Cabot {1938, p. 91) as a part of the Picuris formation. 
On the west side of the Rio. Grande near Buchman (T. 19 N., R. 7 E.) 

or two flows of andesite-basalt are interbedded with river deposits. 
the White Rock Canyon to the south of Buchman these flows increase 

· in number (Bryan, 1938, p. 207-208). 

GEOLOGIC STRUCTURE 

GENERAL STATEMENT 

northern New Mexico the Rio Grande Depression is a down-faulted 
(Fig. 2). That part of the depression which is known as the 

Valley (Bryan, 1938, p. 200) is bounded on the east and west by 
faults (Cabot, 1938; Smith, 1938). In this valley the Santa Fe 

~lltic1n dips westward, and the strata are broken by normal strike 
Within the area studied (Pl. 1) the average strike of the beds 
and south, and the dip is westward at angles of from 2 to 10 
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degrees. North of the Santa Cruz River the strike is toward the 
east. Along the eastern contact of the formation most of the dips 
from 10 to 35 degrees. No folds were observed. 

The normal faults have an average dip of about 72 degrees. 
glomerate or sand dikes are to be found along many of these fault 
(Pl. 4, Fig. 2). The formation is in contact with the older rocks to 

TABLE l-Data on fault planea 

Description 

Angle of dip from o•-oo• .......... . 
Angle of dip more than 60° ........ . 
Angle of dip more than 70• ........ . 
Santa Fe in contact with pre-Tertiary 

rocks .................. . 
Conglomerate or sand dikes ....... . 

Number of 
examples 

49 
43 
33 

6 
17 

Average 
dip 

72° 
75° 
79° 

70° 

100 
87 
67 

12 
35 

east along a faulted unconformity. Such a structure gives rise to a 
of westward-tilted fault blocks, bounded by normal faults (Structure 
tions C-D, E-F, and 1-J; Pl. 1). To the west of the Rio Grande 
formation disappears beneath the younger sedimentary and volcanic 
of the Jemez Mountains. 

FAULTS 

The geologic map (Pl. 1) shows many eastward and westward
normal faults which are only a small percentage of the total 
The abundance of faults in the structure sections and near the 
limit of the formation, in contrast to the rest of the region shown 
Plate 1, is the result of more detailed field work in those special 
rather than of any scarcity of faults elsewhere. The total 
along most of the inter-Santa Fe faults is probably small. A 
of data on the faults is presented in Table 1. Conglomerate or sand 
from one to 10 feet wide, are found along many fault planes. Thin 
of silt with slickensided surfaces are locally associated with the 
dikes. Many dikes are composite. In some places there are fault 
which range from a few to 100 feet in width. These zones contain 
horsts and grabens, some of which are bounded by curved fault 
with dips along the individual plane varying from 40 to 90 
Closely spaced parallel faults and small reverse faults are locally 
Mineralization is almost universally absent. A one-inch dike of 
was noted along a minor break which has a total displacement of 
1% feet. 
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RELATION TO SURROUNDING FORMATIONS 

General statement.-In the southern part of the Espanola Valley the 
eastern contact between the Santa Fe formation and the pre-Tertiary 

.· of the Sangre de Cristo Mountains is a faulted unconformity. The 
eeneral nature of this contact from Santa Fe to Taos is described by 

·Cabot (1938, Fig. 2). The average trend of the contact from Chupadero 
· ttl Chimayo (Pl. 1) is north-south. The Santa Fe formation, which was 

laid down unconformably on the older rocks, has been tilted westward. 
The Tertiary beds are displaced along a series of normal faults which 
in some places parallel the unconformity and elsewhere cut across it at 
all angles. Later erosion of the Santa Fe beds has carved valleys which 

·. project into the foothills of the Sangre de Cristo Mountains to the east. 
· The latter are underlain predominantly by granite and gneiss of pre-

.· Tertiary age. North of Chimayo, outside of the area shown on Plate 1, 
the Santa Fe formation extends as a re-entrant into the pre-Tertiary 
ropks to the cast ("Picuris re-entrant", Cabot, 1938, p. 98). 

To the west of the Rio Grande the Santa Fe formation is overlain 
unconformably by a sequence of sedimentary and volcanic rocks of 
Quaternary age. 

Nambe Falls-Chupadero section.-The Falls of the Rio Nambe (T. 19 
N., R. 10 E.) are located in a small horst of pre-Tertiary rocks which is 

· surrounded by the Santa Fe formation (Structure section I-J). 
the east of the Falls there is an eastward-dipping (?) normal fault. 

To the west Tertiary gravel rests unconformably on the older rocks. 
The Santa Fe (Picuris tuff?) which is exposed to the east of the Falls 

locally be seen resting unconformably on the pre-Tertiary rocks. At 
southwest end of the horst, along the Rio en Medio, the Santa Fe 

unconformably on the older rocks. A few hundred feet to the west 
unconformity is displaced along a westward-dipping normal fault 

section I -J). 
A small outlier of pre-Tertiary rock is located about Ph miles north 
l'lambe Falls. On the north and east sides of this outlier the Tertiary 

are down-faulted against it. On the west it is overlain unconform
by Tertiary gravel. 

eastern limit of the Santa Fe in the Nambe Falls-Chupadero 
is an unconformity which is displaced along a normal fault at a 

about a mile north of Rio Nambe and again about a mile south
of En Medio. 

Mountain section.-To the west of Pinon Mountain the pre
rocks are overlain unconformably by the Santa Fe formation. 

!lome places there are faults in the younger rocks close to the contact. 
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These breaks are not traceable for any distance along the 
are therefore not shown on the geologic map (Pl. 1). A nn:llP.T'-"~'" 
area of the Santa Fe formation extends northeastward from Pinon 
tain for a distance of about 1% miles. The eastern boundary 
re-entrant in which the Tertiary strata are dipping 
nowhere seen, but it is interpreted as an unconformity locally 
by faults. Pinon Mountain is bounded on the east by a normal (?) 

Another projection of the Santa Fe formation into the older 
rocks of the highlands is located about 2% miles north of Pinon 
tain. This re-entrant is bounded on the east by an unconformity 
the southwest by a normal ( ?) fault (Structure section E-F}. N 
eastern border of this re-entrant there is an easterly-dipping normal 
with a maximum displacement of about 20 feet {Structure section 
The similarity of a minor structure such as this with the major 
of the re-entrant is typical of the eastern contact of the Santa Fe 
tion throughout the area. About a mile to the east of this rP.-Pnt.1'1l 

there is a down-faulted wedge of late Tertiary sediment which 
southward from the village of Cundiyo. Both to the north and 
of Cundiyo the Santa Fe formation can be seen resting uJ.I•;uu•u• 

on the pre-Tertiary rocks to the east. To the west of Cundiyo 
Tertiary strata are cut off along a normal (?) fault. 

Santa Cruz reservoir section.-The valley of the Santa Cruz 
(T. 20 N., R. 10 E.) is eroded in a down-faulted wedge of Santa 
gravel. To the east Santa Fe beds rest unconformably on the 
Tertiary rocks. The contact is clearly exposed in the arroyo which 
the northeast corner of the reservoir. To the south of the reservoir 
unconformity is displaced along a westward-dipping normal fault 
can be traced southward for a distance of about a mile where the 
is again an unconformity. To the west of the reservoir the 
gravel is down-faulted against the older rocks (Structure section 
along the "Santa Cruz Reservoir Fault" (Cabot, 1938, Figs. 10 and 
Uplift of the pre-Tertiary rocks along this fault has tilted westward . 
Santa Fe beds which rest unconformably on the older rocks to the 
of Sanctuario. 

Buchman-Otowi section.-On the western side of the Espanola V 
to the west of Otowi and Buchman, the Santa Fe formation is 
unconformably by sedimentary and volcanic rocks of the Jemez 
tains. These· Quaternary rocks include the Puye gravel, local 
flows, and the Bandelier rhyolite tuff (Smith, 1935; Bryan, 1938). 
were not studied in any detail, and their distribution on the 
map (Pl. 1) is based on a brief reconnaissance and a study of 
photographs. 
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THICKNESS 

The total thickness of the Santa Fe formation in the type region cannot 
accurately estimated. The strata are cut by many faults along which 
total displacement is unknown. The structural interpretation which 

~.,.o.,,nT.~•n in the structure sections (Pl. 1) calls for a section of Santa Fe 
is at least 2000 feet thick in the center of the basin, whereas 3000 

4000 feet is probably a closer estimate on the assumption that the 
Ul:!~'·ul;t:u."'""' along the inter-Santa Fe faults are relatively small. 

ORIGIN 

AN ALLUVIAL FAN DEPOSIT 

The Santa Fe formation, excluding the river-laid beds, is interpreted 
an alluvial fan deposit (Bryan, 1938, p. 205). The distinctive charac

of the formation are in summary as follows: There is a lack of 
of both the coarse and fine material. The pebbles, cobbles, and 

are angular and subangular. Most of the individual particles, 
er large or small, are relatively unweathered. Rapid changes in 
, both in a horizontal and vertical direction, are the rule. The 

,.,.,, .. ,,~.,·~ '" of many of the coarse-grained members is indistinct. Cross
and cut and filled channels are visible in many exposures. 

Intraformational breccia is abundant in the finer-grained members of 
formation. The origin of these breccias may be explained in the 

ng manner. Thin layers of fine-grained sand and silt are deposited 
the lower end of an alluvial fan merges with the central part of 

depositional basin, which in this case is a river flood-plain. The even
and widespread distribution of the fine-grained material suggests 

lll'kl1sition in flood-plain ponds, rather than in broad stream channels. 
flow of water from the fan decreases, silt and clay are deposited. 

desiccation mud cracks develop. The next stream of water from 
. fan picks up these fragments of silt and clay and cuts a shallow 

The fragments are carried a short distance and deposited in a 
matrix. The mud balls are fragments of mud which were rolled 
the bottom of the stream. They are found in present-day arroyos 

. as the Rio Salado, Socorro County, and the Rio Chaco, San Juan 
(Gardner, 1908; Bell, 1940). Perhaps some of the blocks now 

breccia originally fell from the undercut bank of a stream. The 
of foreign boulders, such as granitic rocks from the mountains, 

earthy material in the matrix indicate that the breccias are not 
(Blackwelder, 1928; Woodford, 1925). There is no evidence 

these breccias can be shown to be due to slumping on scarps 
along active faults. 
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The thick beds of grayish-white well-sorted sand that are 
association with the finer-grained members of the formation may be 
sand deposited near the lower end of an alluvial fan or on the 
of the flood-plain of a river (Smith, 1938, p. 956). Most of the 

EXPLANATION 

~>::.:/1 
Santa Fe formation 
(Late Tertiar"'ji), in part 
covered by later dtposits 

~ 
1.!.!.!.!1 
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[!iJ 
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Santa Fe formation 
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stream flow 

1-:J._I 
Existing streams 

Showing ancestral Rio Grande and inferred direction of stream flow 
Modified from Bryan (1938), Fig. 46. 

Scale of Mil•• y 2,5 

is partly cemented by calcium carbonate, and calcareous 
are abundant in the finer-grained phases of the formation. These 
suggest deposition by streams rich in lime. The outcrops of l 
in the Sangre de Cristo Mountains to the east are the nearest 
source. 

The formation has many of the characteristics of the "Desert 
ment", and the "Piedmont" and "Valley-flat" phases of the 
Environment" as given by Twenhofel (1932, p. 785-795; 800-811). 

SOURCE OF SEDIMENT 

The Sangre de Cristo Mountains to the east of the Espanola V 
(Fig. 2) are composed of rocks of two distinct ages. (See 
geologic map of New Mexico published by United States . ·· 
Survey in 1928.) Granite, gneiss, schist, pegmatite, and similar rocks Q1' 
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.pre-Cambrian age (Darton, 1928, p. 272-274) are overlain unconformably 
by sedimentary rocks of Pennsylvanian age which include limestone 
and minor amounts of shale and sandstone. 

The Jemez Mountains to the west of the Rio Grande are underlain 
predominantly by volcanic rocks of Cenozoic age. One of these, the 
Chicoma volcanic formation, includes "several thousand feet of andesite 
and latite lavas with some basalt, rhyolite and volcanic breccia" (Smith, 
1938, p. 939). This formation is older than the Santa Fe and is probably 

·1'equivalent to the Miocene volcanics of the San Juan Mountains in 
Colorado" (Smith, 1938, p. 958). In most places the Chicoma volcanic 
formation is overlain unconformably by volcanic rocks of Quaternary age. 

In the southern half of the Espanola Valley the Santa Fe formation 
contains an abundance of granitic gravel and arkosic sand. A few lime
stone pebbles are present. At most localities pebbles of volcanic rock 
are absent. These facts indicate that the Santa Fe formation was derived 
from the Sangre de Cristo Mountains to the east (Smith, 1938, p. 955-956). 
Near Chimayo (T. 21 N.', R. 10 E.) arkosic Santa Fe gravel contains a 
few pebbles of volcanic rock. Such pebbles are not necessarily of western 
derivation (from the Jemez Mountains) because they could have come 
from outcrops of Picuris tuff (Cabot, 1938, p. 91) which are now either 
concealed beneath later deposits or have been removed by post-Picuris 
erosion. The slightly water-worn pebbles of andesite porphyry which 
are found in the Santa Fe river gravel to the west of ,Buchman were 
probably derived from the low-lying Chicoma volcanic center to the west. 

AREAL DISTRIBUTION OF LITHOLOGIC TYPES 

In general bouldery gravel is found only near the eastern limit of the 
formation from Chimayo to Chupadero (Pl. 1). As one goes westward 
from this contact the beds are finer and finer grained until one reaches 
~bout the longitude of Pojoaque and Cuyamungue. Northward from 

· the above-mentioned villages runs a belt of rather fine-grained material 
· \Vhich extends as far north as the Arroyo Seco where the belt turns 

to the northeast (parallel to the strike of the rocks) and con-
to the Santa Cruz River. To the west of this belt the formation is 

coarser-grained, although nowhere is it as coarse as near its 
margin. Near the Rio Grande the Santa Fe is mostly sand and 

although layers of pebbly fan gravel can still be found interbedded 
the Santa Fe river gravel to the west of Buchman. 

ANCESTRAL RIO GRANDE 

The gravel which crops out to the west of Buchman is interpreted as 
deposit of a large, through-flowing river on the basis of the following 
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evidence (Bryan, 1938, p. 205-208): (1) The abundance of large 
worn fragments of resistant rock in contrast to the angular stones in 
surrounding fan deposits; (2) the presence of greenish clay 
deposit); and (3) the geographic location of this gravel with 
the bordering fan deposits of the Espanola Valley and to similar 
gravel in adjoining areas to the south (Fig. 2). The 
boulders of quartzite and volcanic porphyry, found near Buchman, 
too greatly water-worn to have come from the surrounding 
Santa Fe time and must have been carried by the late Tertiary 
from extensive outcrops of quartzite and volcanic rock in 
New Mexico. 

The hypothesis that the Santa Fe formation was laid down in 
contiguous basins, the axis of which was marked by a tnt"OU!Ol··tloUiil 

river, is based on field studies by Bryan and others (Bryan, 1938; 
and McCann, 1937; Denny, 1940; Smith, 1938). River gravel is 
at the south end of White Rock Canyon, throughout the Santa 
Valley where good exposures of river gravel are found in road cuts 
the Santa Fe-Bernalillo highway about 5 miles north of Algodones, 
scattered outcrops throughout the Albuquerque and Belen Valleys. 
gravel shows a slight decrease in size from north to south. 

The river gravel is locally associated with lava flows which 
have confined the course of the river to some extent (Fig. 2). 

The controlling base-level for the deposition of the Santa Fe 
in the Espanola Valley was the ancestral Rio Grande. This ua~1c·u~111!1\ 
was rising, probably as the result of tectonic disturbance at an 
termined point down river. In the southern part of the Espanola 
the abundance of fine-grained material in the formation may be 
due to damming of the ancestral Rio Grande by' lava flows, of 
more than 1200 feet are exposed in White Rock Canyon to the 
of Buchman (Bryan, 1938, p. 208). 

ORIGINAL EXTENT OF THE FORMATION 

Only the eastern part of the original basin of deposition of the 
formation is exposed in the southern half of the Espanola Valley. 
fact is brought out in structure sections G-H and I-J because, as 
out above, all the material, to the east of the outcrops of river gravel, 
derived from the east. The formation must have originally 
some distance to the west of Buchman. Smith (1938, p. 956) states 
there were low highlands "at the Chicoma volcanic center" 
Santa Fe time. At its eastern edge the formation is not very 
grained except at a few localities. The rather gradual change in 
from the center of the original basin eastward to the present 
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ild:ll:eBtB that the formation once extended a considerable distance farther 
east, perhaps nearly to the position of the present summits of the 
de Cristo Range. The small number of limestone pebbles in the 

gravel, in spite of the relatively large areas of Pennsylvanian 
to the west of the summit of the range, suggests that relatively 

in the epoch of Santa Fe deposition these areas were more or less 
covered by detritus and, therefore, most of the Santa Fe gravel 

from the pre-Cambrian rocks near the crest of the range. (See 
's geologic map of New Mexico published by the United States 

Survey in 1928. The areas of Magdalena limestone shown 
somewhat exaggerated.) 

CLIMATE OF SANTA FE TIME 

The climate of Santa Fe time was probably semi-arid to humid with 
somewhat greater than that of the present, which is 7 to 18 inches 

in the valleys (Cooperrider and Hendricks, 1937, Fig. 2). The 
abundance of vertebrate remains attests to a more humid climate 
that of the present as does the absence of saline deposits such as 

from the Tertiary beds. On the other hand the absence of car
,QQJlaceotls matter in the finer-grained sediments, the presence of mud 

the unweathered character of most of the detritus, and the abun
of calcium carbonate suggest a semi-arid climate. 

CONCLUSIONS 

Santa Fe formation contains alluvial fan and river gravel, sand, 
clay, tuff, and intraformational breccia. The formation was deposited 

. coalescing alluvial fans which, during the late Tertiary, spread west
from the relatively low ancestral Sangre de Cristo Mountains 

the flood-plain of a southward-flowing permanent river, the 
Rio Grande. Gradients were low. To the west of the river 

was a small highland area, the Chicoma volcanic center (ancestral 
Mountains). Sand dunes were common along the eastern side 

~he flood-plain of the river. The climate was semi-arid to humid. 
,,.._,,.v,,,.,., showers of volcanic ash were spread over the surface, to be 

transported by rain wash and deposited near and on the river 
plain. Considerable vegetation was present in and near the flood
and also on the bordering highlands. An abundant vertebrate life 

the are&, at least for part of the year. 
the Pliocene the formation has been tilted westward and broken 

many normal faults. Much material has been either eroded away 
by later deposits. Extensive erosion has been in progress 

at least the middle of the Pleistocene. 
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