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Tertiary and Quaternary

Baca Formation

The Datil Formatioﬁ (Winchester, 1920), a name now
abandoned (Elstoﬁ, 1976, p. 134), has been separated into
the Baca ?ormation, Sbears Formation, Hells Mesa Tuff,

A-I, Peak Tuff and La. Jara Peak Basaltlc AndeSLte. Wllpolt
~and others (1946) deSLgnated the basal 684 £t (208 5 m) of
Wlnchester s (1920) measured section of the Dat11 Formatlon
as the type sectlon for the Baca Formatlon. This secthn o
was measured 1n the upper portlon of Baca Caﬁyon, éécs. 4,
‘5 8, and 9, T. 1 N., R. 4 W.; and is the only published

- measured section of the Baca Formatlon at the type locallty.
-Of that section, 365 Ft (111.3 m) was fgovered" or "not
eXposed;. | ) o ;

At'Cartﬁagé, Gardner (1910) recévered a tooﬁh éf

Paiaebsyops,.a small rhinoceras-type animal of.Bridger

(Middle Eocéhe) age from the Baca Formation. _Nofth_of

Datil, teeth and bone fiagments of Pfotoreodon pﬁmilds; a .

late Eocene relatlve of the modern—day sheep, were found in
Baca strata (Snyder, 1970} Fossil wood from the Baca has

been’ 1dent1f1ed as Palmoxylon 8p.. andl Legumlnoxlen SP-

whlch supports the Eocene age assmqnment {Snydexr, 1971).
Tilia-type pollep, Jugladaceous forms, and others also
indicate the Baca to be at least as young as Eocene

(Chaiffetz, in preparation). : , . B
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" Potter (1970), in an unpublished thesis, reported
making ‘several partlal measurements which he compiled, in
his own words, by “somewhat guestionable correlations” into
a compléete section. Potter (1970} found the Baca to be
697 £t (212?5 ﬁ) thick at Baca’ Canyon, secs., 4, 5 and 8,
JT. 1 N., R. 4 W The thickness of the Baca is 2500 £t

(762 0 m) as 1ndlcated by drllllng, but in outcrop it does
not exceed 1150 ft (350. 5 m), typlcally the thlckness Ais-
~ about 600 £t (182.9 m) (Snyder, 1971). -
Wllpolt and cthers (1946) correlated rocks of the
'Carthage and Joylta Hills areas w1th those 1n Baca Canyon.
Other formatlons that are of smmllar llthologles and close
to tlme equlvalent to the Baca 1nclude the Eagar, McRae,
Cub MOuntaln, and Gallsteo. The age of the Eagar Formatlon,
.a westward contlnuatlon of the Baca in Arlzona (Snyder,,
1971), is uncertaln but ‘it contains a Cretaceous fauna
and coal in the basal poftion (Sirrine,_l956)1_ The MoRae'

Formation, Elephant Butte dam area, contains Triceratops

‘and is therefore Cretaceous in part (Lee and Knowltoﬁ, 1915);
"The Cub Mountaln Formatloni Canltan—Ruldoso area, 15
post—Laramlde to pre—Ollgocene in age (Kelley, 1971) Tﬁe' -
Galisteo Formatlon, south of Santa Fe, is of uncertaln r
age within a range from Paleocene to Eocene based on
limited plant remains (Lee and Knowlton, 1917}.

Sedimentation in the Sar Juan and Raton basins ‘continued

thropghout the late Cretaceous and early Tertiafy, Faunal,
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evidence indicates a Eocene‘age for the San Jose Formation
(Lucas;'l977l.

Because early Tertiary rocks are similar lithologically,
separated geographically, and differing ages, it is'
reasonableuto conclude'that sedimentation ln'ﬁew Mexico
and western Arisona occurred from the cretaceous through

the Eocene in 1solated but somewhat genetlcally related

. ;ba51ns (Tonk;ng, 1957)." The tlmes-and rates of sub31dence

and sedlment accumulatlon undoubtedly fluctuated from ba51n
to- ba51n. The stratlgraphlc p051t10n and duratlon of gaps

in the sediment record are dlfflcult to establlsh because -

of sparse paleontologlcal control. )

The - base of the Baca rests unconformably on the |
Mesaverde, a relatmonshlp that can be demonstrated
reglonally but is dlfflcult to ascertaln at a srngle
locatlon. The boundary between the formatlons changes“
character'laterally and in blaces is difficult“toléelineate;
In general the lower Baca boundary 1s placed at the flrst
occurrence of red shale or . sandstone that contalns plnk—
colored potass;um feldspar. Often the shales and sand—-
stones of the uppermost Mesaverde take on a greenash hue--}
and:thls color‘change ;s useful in dlstlngu;shlng the
formations, | A |

The contact of tne Baca and overlying Spears
_Fornations‘is marked by alternating beds of Baca and Spears

lithologies and was mapped at the lowest bed containing. ..
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volecanic detritus. Beds of the Baca are arkosic and

rich in granitic rock fragments. Beds of the.Séears, on.
the other hand, contain‘abundant volcanic material. At a
distance the Baca and Spears can generally be differentiated
on the basis of color and weathering. The Baca strata are
narious hues of red, generally forming low plains with
isolated light~gray conélomerate er'Sandstone leaées,
'-whereas ‘the-~ Spears crops out as. rounded, 11ght~purple,
‘roughﬁtextured sandstone hllls. h | _
Potter (1970) lelded the Baca 1nto three 1nformal
~members. These ‘members are, in ascendlng order: a 1ower'
red mudstone—Sandstone member, an arkosic sandstone member ,
and an upper red mndstene;sandStone member . In tﬁe'study

area three 1nf0rmal members of the Baca are ea51ly

dlstlngulshed. Potter s (1970) termlnology of these memhers,_ -

.‘however, lacks descrlptlve v1ab111ty and therefqre a‘j
sllghtly modlfled ver51on of termlnologylls broposed;-‘The
: 1ower red mudstone could more accurately be called the N
conglomeratic member as conglomerates in the Baca are
largely restrlcted to thlS portion. The arkosic sandstone
member is mlsleadlng as arkos;c sandstones are found through——
out the Baca. A more descrlptlve name for this subd1v1510n
| Would be the gray sandstone member as this nortlon differs
-from the rest of the Baca by its characterlstlc—gray—yellow
color. The upper red mudstone-~sandstone member of Potter's

is sufficiently descriptive. Therefore, the terminology
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_the Writer prefers is, from bottom to top: - conglomeratic,'

gray sandstone, and re&Amudstone members.

An excellent exposure of the Baca Fofmation 753 ft

(229.7 m) thick was measured north of\the type 1ocality,

C Wy sec. 29, T. 2 N., R. 4 W. There a complete sectlon of
"Baca dips at about 6 degrees south and has the trlpartlte
_lel sion dlscussed above. The conglomeratlc memberf unlts‘

::3 through 28, is 319 ft (97 4-m) thlck (flgs. 24 & 25)._;“A

The member con51sts of xeddlsh—brown (10 R 4/4) mndstone

" with numerous lentlls of conglomerate and coarse,:ark051c
sandstone. The lentils range from 50 £o 200 ft (15.2 to PR
61.0 m) in length and 10 to 30 £t (3. 0. to 9.1 m) in thlckness.

‘The mudstones are thin to medlum bedded and break 1nto

gsmall chunksw ‘The sandstone and conglomerate beds are

'composed of poorly sorted subangular to rounded hooarse
sand and cobbles. “The clasts are commonly quartz, plnk—.

~and gray—colored potassmum feldspar, and 11th1c fragments.;

leestOde, several varieties. of granltes, pegmatltlc quartz,'
several types of quart21tes, end occa51onal gnelsses

compose the bulk of the llthlc fragments found 1n the lower

Baca. The granite pebbles are. generally coarse—gralned
angulaxr, and often pegmatltlc. Three types of granite

4clests afe present,‘namely; 1) cream—coloredhooﬁassium:
feldspars and quartz, 2)“pink—coloned potassium feldspans
and guartz, and 3) graphic-textured granitel The quartzite.

clast -vary in color and are generally rounded. Granitic
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Figure 24. Lower 250 ft (76.2 m) of Baca Formation.
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and qeartzite fragments are'considered to be. derived from .
Precambrian rocks. Rounded limestone fragments are
commonly fossiliferous, oontaieing crinoid stems, brachiopods,
: bryzoens and other fossils of Mississippian to Permian age;
Two types of fossilized wood_ooour in the Baca; one tyoe is
unrounded and geneticaliy'related to~the Baca,'end e
second type 1s darker in color, rounded and presumed to
have been reworked from the Tr1a551c (Potter, 1970); ‘~nj
Conglomeratlc strata are generally a graylsh color
1n contrast to the reddlsh hue of the mudstone. The sand—
stones and conglomerates are.more resxstant to ‘erosion than.df
the mudstone and form stepped 1edges that vary in thlckness
_due "to thelr lentlcular nature. Trough and very 1ow—angle
cross- stratlflcatlon 1s common in the sandstones.‘ The
mthlckest sandstone or conglomerate unlt measured, unlt 27
'lS 35 ft (10 7 m) thlck ' Slltstones and claystones are"
burrowed in many places. The burrows are nonubranchlng,
vertical and horizostal, about % rpch‘(ﬁ me) in diaﬁeter, ;'
-'aod several inches.long.’ | B | ‘
| The gray sandstone member, unrts 29 through 32, is
composed almost entlrely of 1nterbedded, llght—greenlsh—
-gray {5 Gy 8/1) and thln—bedded yellow1sh—gray {5 Yy 8/1),
’clayey,)sandstones,and siltstones (fid. 25 & 26). ©No red “
shales occur in thds interval.. The gra§ sandstone menmbexr
istl7é'ft (53.6 m) thick, loosely consolidated, and forms-

slopes or level'plains; The rock isAcomposed predominately
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, of'siltnto coarse-gsand-sized quartz and gray-colored
potassium feldspar. _The grains are moderately sorted and
subrouhded to subhedral. Yeliow limonite halos comMonlyv
encircle organio debris and fossilized tree truﬁks in this
member (fig. 27). Conglome}atie eross¥bedded sena leqses;
as well as llmestone beds are present 1ocally, secs 9 anai

11, 7. 1 N., R 4 W.

’ The red mudstone member, unlts 33 through 51 1s 244~

fte. (74 5 m) thlck and composed mostly of graylsh—red
f(lo R 4/2) to leddlsh brown (10 R 4/4) sxlty mudstone.

Thln-sandstones, about 3 inches {8 cm) tthk, are 1nter~-

bedded in the lower portion of this segment. The séndsﬁones

are very light gray IN 8), composed of rounded, well

sorted,:very—fiﬁe-sand—to siitesized grains. Iﬁ the upper

portion of the member pale-red (10 R_G/Z) sandstones .
.as much es:25 £+ (8.6 m) thick are'infefbedded'with‘mud—.

stones.- The sandstones con31st of moderately sorted

. loosely consolldated coarse arkosmc sand. Numerous veins |

of satin spar gypsum and one thln veln of llght blue
"elestlte was observed 1n the - upper portlon of the Baca'at
‘ the type local:.ty° | N | |

‘The sand-and siltwsized coﬁstituents of the ﬁaca

are abou£ 36 perceﬁt éﬁartz, 20 percent microcline, 20
percent ouertzite, 10 peroen£ chers, and the‘femaihing 20
percent divided amoag plagioclase, potessium'feldspar,

carbonate, muscovite, and mudstone grains. The cement of
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the sandstones is partly an early generation'of silicia
but is-largely a later generation carbonate. The‘grains
are coﬁmonly coated by,a thin layer of hematite.'~Fineeﬁ
grainéd'hematite'end-oefbonate oooﬁre in shales of the
- Baca Formation. | |

| The Baca accumulated in one of many basins produced by
the Laramide orogeny.. The dimensions and shape of the -
' Baca besin‘are unknown but judglng from the present outcnoﬁ
belt the ba51n probably was elongate east’ to west and
sllghtly sinuous between highland masses. nghlands
borderlng the basin durlng Baca dep051ton 1nclude.k Zuni.,
Defiance and Lucero upllfts on the north Joylta Hllls uplift '
‘on the east, Magdalena upllft to the south, and Mogollon
hlghlands to the southwest. Undoubtedly, sﬁaller, local
"upllfts also 1nfluenced Baca sedlmentatlon. |

Snyder (1971) 1nterpreted the cllmate durlng Baca

deoosmtlon te be arld to semiarid, and gave the follow;ng
.as evxdence: l) coarse—gralned sediments in deeply
entrenched ohannels; 2)' reddish color of'the finer grained
“rocks; 3) leck of abundanh oréanio tnash‘(believed‘b§ Snyden
to be due to hhefpauoity of vegetation);,ana'4)l§reeence
of continental limestones thought to be caliche. Johnson ;
(1978)fadvocates a wetten climate, in the range of‘semianid
to subhumid. As evidence he cieee Ehe following: 1) lack
of obﬁions'indicators.or aridity, suoh as primary evapofites{

Wind renorked sand, and carbonates; 2) the fact that caliche,
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" described by fctter {1970), deve;oPS best in semiarid
rather than erid elimates; 3) abundance of root mottling
even if actunal organie debris is scarce; and 4) humid
tropical floras ana faunas of neighboring Eocene basins.
Although the writer concurs with‘ﬁohnson“s eonclusion_
that_the climate_&ae ﬁet and hot duriﬁg Baca deposition,
certailn points'ehould be mede;. Fifst, limestones found in

‘the Baca north of ‘the BeérfMﬁﬁﬁteiﬁeﬁére?&ssddieteaTWiﬁhﬂgr

%

giey shales and have fieideﬁ iecust;ihe eigee (Chaiffefz, iﬁ
preparation). A laeuéf?ine”o;igin{ not sbil—pfofiie caiiche,
is poetulaﬁed %of-theee beds. -Muaerecks in the Baca
.(Tonking, 1957), suégests aiternate“wetﬁiﬁg and'drying.
' Second, the MacRae basin that Jeﬁﬁson (1978) advances
as proof of a wet cllmate‘for the mlddle Eocene is in part
late Cretaceous in age, older than the Baca. The San Jose
Formatlon of the San Juan Ba81n is unquestlonably (Brldger)'
middle Eocene as in the Baca in New Mex1co from the llmlted'
faunal.eVLdenee avallablef The fauna of the San Jose
Fo:mation.are,typical ef sevaqna—llke ppland assemblages
(Lucas, 1977)., | | - |
Thirdly, only the clay constituents of the Baca"
“sedlments are characterlstlcally red 8ilt and sand clasts
are shades of gray. with only a few gralns w1th coatlngs of
iron oxides. Magnetlte and other 1ron—bearlng minerals in

the Baca are mainly unaltered indicating that the red

plgment is not a product of in situ alteratlon of lron~bear1ng
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detrital grains, a process described by Walker (1967).
Because the red pigment is almost exclusively in the clay
f;action of the tocks'the'origin of the red color is probably"
due to the weathering of a soil rich in brown ferric material.
The sediment is eransported in the brown'hydrated form, and
converted to a bright red by dehydratlon and ox1datlon after .
dep051t10n (Van Houten, 1968} The 0x1dat10n probably was
ctose- to the deposztlonal interface because after deeper
burial clayey—sedlments could not oxldlze eas1ly. A
seasonally Lalny, hot, savanna—llke cllmate is an ldeal
'settlng ior_drylng ferr;c hydrox1de to hematlte (Schmalz,
1968) . | | - | |

Baca clasts are varled and Snyder (1971) concluded that
~the Baca sedlments were derlved from multlple source areas.
ThHe clasts 1n the area studled were derlved prlmarlly from
granitic, metamorphic and llmestone sources. ‘The distance
-from the source rock must have been short for the follow1ng
reasonSJ 1) 1arge size of granltlc boulders in the Baca;
- 2) angularity of some of the constltuent,, 3) occurrence of
' euhedra1 and unaltered feldspars, and 4) presence of llmestone
clasts., Potter (1970) concluded that "some of the constltuents
of the Baca were transported no more then a few mlles. Blatt
and others (1972) state ‘that feldspar grains ase fairly dureb;e
and can be transported éfeat distances without significant
- reduction in total'voiuﬁe percentage, but are greatly

reduced in size 'when transported distances of only. 20 to 25
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mi (32.2 to 40.2 km). Judging from the granite boulders
in the iower Baca, a nearby source for at least this
material.is~indicated; Other constituents of boulder size,
principally limestone“and gquartzite, are more rounded and
could have come from more disﬁant souroes. |

Pebble 1mbrlcatlons, cross—-bedding, rlpples, and long
‘-aXlS of tree trunks in the conglomeratlc and gray sandstone
members of the Baca lndlcate a southeastward flow1ng current-“
(flg.'28). Therefore, the source area probably was to the
northwesé. Potter (1970) and Johnson (1978) proposed the
Lucero uplift and Snyder (1971)_,the Zunl uplift as the
A-souree of the Baca sediments in the aree stﬁdiea Although
the Lucero upllft is closer and could have provmded
‘Paleoz01c 11mestone to the Baca, no granltes oxr quartzmtes
-were exposed in that area durlng the Eocene or at present°
lThe Ladron Mountalns, w1th a Precambrlan granltlc and |
quart21te core, is a Miocene upllft (Brunlng, 1973) and
’ could not have contrlbuted todEocene Baca sedlmentetlon.
The Zuni is the closest ﬁnown uplift to the northwest that
could have been the source of granitic and quartzmtmc materlal'
but as the Zunl upllft is 60 mi (96 6 km), northwest of the
area studied, it seems gnllkely that boulders of granite
end Iarge anguler feldspars could have came from such a
distant source. Yet, no alternate source area to the north-

west can be suggested.
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Until 1978, most workers have‘considered the Baca as
a fluvial channel and floodplain sequenoe (Potter, 1970;
and Snyder, 1971). However, Johnson (l978f interpreted the
Baca, from west to east, to be genexally a proéression of-
facies from humid alluvial fan, fluvial-meander belt, to
iacustrine delta. In the.area studied Johnson (1978) calls
‘the lower conglomeratlc member, a, lacustrlne fan delta- ”
: the mlddle gray sandstone member, a dlstal humld alluvral
fan, and the upper red mudstone sandstone member, a
lacustrlne flnemgralned fan delta.

The writer belleves the Baca to be largely a. fluv1al
sequence. The dlsagreement with Johnson is based on the
followmng reasons. First, ev1dence for a 1arge 1ake in
'thls,area is lacking. There are no sioreline dep051ts or
'supportive fsunal evidence. Second, the red color of the
sedlments is more suggestlve of subaerlal than subaqueous'
exposure. Johnson (1978) defends this point by suggestlng

a shallow, polymlctlc {freguent overturn) lake or 1akes,

- the frequent overturn would allow ox1dat10n and cause the

red.coloratlon, However, becanse the th%cknesses of deltalc
sandkbodies described by Johnson are”es-much as‘gﬁ.ft

{9.1 m) thick.they therefore require simiiar water depths.
fhirdly; the fan delta complex isAcomposed of many.small.
deltaic sand bodies that would require an extensrve fluvial
system to supply the material. However,.the fluvial facies

tract is'only a small segment of Johnson's (1978) -
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‘interpretation. For example, on the west side of the Bear
Mountains Johnson (1978) shows the entire Baca section,
- about 500 ft (152.3 m) of lacustrlne deltaic faCLes, without
associated facies. Fourthly, according to Johnson {1978)
evidence for a deltaic origin for parts of the Baca:are the
upward coarsenlng of grain size per sedlmentary package;
extensive burrow1ng;.convolute beddlng, hlgh mid to sand ratlo,
and vertlcal Sequence of sedlmentary structures.; In opp051tlon, g
the wrlter points out that convolute beddlng, burrow1ng and |
root mottllng are common in fluvlal sequences (Relneck and ‘
Singh, 1975). In the Baca the sand: mud ~ ratlo is -
'estimated”to be about l:1. This ratlo is not outsrde the-'
realm offfluvral systems. nlso, the coarsenlng upward
dep051tlona1 package that Johnson (1978) promotes may not
represent a true deposmtlonal cycle, Addltlonally Bluck
(1971) has shown that the head portlon of point bars in a
coarse—gralned meanderbelt can coarsen upward.- Also, the
writer has found the sandstone bodies in the Baca to be_
varlable in both graln size and sedlmentary structures'
-throughout and a typical vertical sequence difficult to
‘document.' o N B

Based on’ the data above the wrlter concludes that the
Raca in the area studled was dep051ted by streams carrylng

coarse-gralned.sedlment. "The floodplaln was savanna—llke

and the climate -subhumid. In the studied area the south-




east flowing'streéms carried . granite,'quartzite-and

w.’_‘

paleozoic limestone debris from the Zuni ﬁglift.
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