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(NW quadrant of Fence Lake 1:100,000 sheet)

particularly well exposed in the EV/2SE'/: sec. 6, TON, R19W of the Atarque
Lake quadrangle. At the sec. 6 locality the author collected the following
ammonites: Neoptychites cephalotus, Morrowites depressus, Placenticeras cum-
minsi, Baculites yokoyamai, and Mammites nodosoides. Cobban and Hook
(1983) measured a section of the Rio Salado Tongue of the Mancos Shale
at this locality and presented-a faunal list that includes a new genus and
species of ammonite, Cibolaites molenaari, in addition to the bivalves Ostrea
sp., Mytiloides mytiloides (Mantell), and Veniella mortoni (Meek and Hayden).
The ammonites in the concretion-bearing zone, which spans a vertical
sequence of nearly 100 ft, indicate an age of late-early to early-middle

Fite Ranch Member of Tres Hermanos Formation (Upper Cretaceous)—
yellowish-gray to grayish-orange sandstone; coarsens upward from very fine
to fine grained; lower part commonly bioturbated and contains /noceramus
dimidius; upper part coarser grained, flat fo low-angle crossbedded, and
burrowed; thickness varies from 2 to 10 ft

Carthage Member of Tres Hermanos Formation (Upper Cretaceous)—
paludal shale and mudstone, carbonacecus shale with minor coal, and fluvial-
channel sandstone; shales gray to light olive gray; carbonaceous zone 4-6 fi
above base locally has up to 1.6 ft of coal in 2 beds separated by 0.2-f-thick
white claystone; Tres Hermanos terminology restricted to areas where the trans-
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COMPQOSITE STRATIGRAPHIC COLUMN

(Tertiary and older rocks)

Turonian. gressive Fite Ranch Member and Pescade Tongue are present, hence eastern \\‘;\
Hook et al. (1983) proposed the name Atarque Sandstone for the re- quarter of map, where Kthe is 200 ft thick; landward from the limit of the Fite A
; ; ; ; ressive coastal-barrier sandstone unit that overlies the Rio Salado Tongue Ranch transgression the equivalent, or partly equivalent, strata are referred to N 2
INTRODUCTION dips of the broad western flank of the basin are no longer discernible, but thus, represents deposition throughout Late Jurassic time, from Callovian suggests a cause and effect relationship. The monoclines are considered various other gastropods. The Dakota is overlain by the lower part of the gf the Mancos Shale and records the first major regression of the seav%ay s ifie-Motens Hill Foririation (Kaib); thickest section is:in sec 9 T7N, R2OW, Q\@V
A compilation of the geology in the northwest quadrant of the Fence other criteria, namely structural style, help define the southwestern and through Kimmeridgiar}. A medial notch in the Zuni Sandstone, sometimes to be the result of northeastward-directed compression during the Lar- Mancos Shale, an 18-ft-thick arenaceous shale that was included in the in this area following the Dakota-Mancos transgression. The Atarque where basal part contains 4-ft zone with 2.5 ft of ccal (<0 o i
Lalke 14100,000 felsic-scole nas i présented hate at:a scale of 150,000 southern margins. Southward of the village of Fence Lake (Fig. 1) the referred to as the “Todilto notch,” is generally present throughout the Zuni amide orogeny (80—40 Ma.). However, a relatively minor amount of pre- Dakota Sandstone in many areas. The shale is well exposed only in the Sandstone prograded northeastward into the Mancos seaway and is there- . Lo <+
anid is cllesifnated the-Ataraue Lake 1:50.000 auadrangle. Detailed éoi(’) i northwest-trending asymmetric anticlines and monoclines so character- Basin and probably represents the Todilto-Summerville interval. In the Laramide movement along the same basement structures (Fig. 2) could east-central portion of the Venadito Camp quadrangle and in the central fore a diachronous unit. Hook et al. (11983) determined a middle Turonian Atarque Sunds_fone Member of Tres Hermanos Formation (Upper Cre- i = 53 Tby
el a% 1 000 of eiqht 71/2-miﬁ ’uadr(zlm od %O{rided g grima?r istic of the Zuni Basin die out; the regional northeastward dips become notch are commonly 4 inches of grayish to dusky-red mudstone or silty have influenced the configuration of Late Cretaceous (Turonian) shore- part of the Upper Galestina Canyon quadrangle, on the south side of age for the Atarque in the Zuni Basin. Throughout the mapped area, the iuceot;sg-——grc!ylsh;orong? fo very ,:;o\e c‘alrgnge mcdrme- scndTlTome,- a_mrselp; % 5 7*7~_.___f€
e Rt 0 i) d - P y less discernible; low-displacement, high-angle normal faults become nu- sandstone. From 8 to 10 inches of relief occur at the notch, the upper and lines—the time of deposition of the Tres Hermanos Formation and Gallup Galestina Canyon. Elsewhere it is covered or unrecognizable. This shale At : Tiff £ vhat eansiets o a Aarbsdded 1 " dst upward from very fine fo fine grained; well indurated, generally massive dli = 59 i
data for this compilation (Fig. 1). The four quadrangles that comprise the . ; A : i ohudi h L : ] f bei b llel. If this oxidized mudst s Sandst Subtle sfructural trols al the Late Cret ! - / arque is a cliff former onsist: ed lower sandstone former; burrows present in lower and middle parts; commenly fossiliferous— : wo
lower tier are available as open-file reports from the New Mexico Bureau merous; a}nd Tertiary intrusives, including some nort west—tre:ncz[mg Oli- ower surfaces being subparallel. is oxidized mudstone represents the andstone. Subtle structural controls along the Late Cretaceous seaway tongue is p_robably _equlvalent to the Clay Mgsa Tongue, wh_1ch has a type approximately 20 ft thick overlying a transitional zone at the base and a - small bivalves—in middle part; upper part strongly crosshedded, predominantly 25 |32%\1883
of Mines and Mineral Resources. They are Open-file Report 163 (Venadito gocene dikes, begin to appear. This area and these characteristics mark Todilto-Summerville interval, then the portion below the notch is equiv- and nearshore sedimentation in the San Juan Basin were considered by section designated in the Laguna, New Mexico, area (Landis et al., 1973). coarser-grained, crossbedded upper sandstone 15-25 ft thick. These two o o e, 0Fd Cisiguihed by s lighter colo maxitiom Wdkisss G- 53 (285532 = coal,carb. sh.
Camp quadrangle), Open-file Re ‘()rt 1}(;7 ( Ata:I'J Tip ke !:w drarigle), Oven- the southward transition from the Colorado Plateau into the Datil-Mo- alent to the Entrada Sandstone, and the portion above the notch is equiv- Cumella (1983). He recognized evidence for compressive deformation dur- However, because of the pinchout of an underlying sandstone tongue (the satidstones are éimilar to the lower and upper shoreface units Y T — proximately 60 fi; member elevated in rank to Atarque Formation (Ka) fo west 2 = o ;
fle II{Jeqort i 18 (I\/]esﬁa e YescI)) adean le)q e qen—file %e ’ortp172 gollon volcanic field. alent to the Cow Springs Sandstone. Aside from the large white to red ing Turonian time in southeastern Arizona. Drewes (1972) placed a date Cubero) a few miles southwest of Laguna, the term Clay Mesa cannot be (1973). The lower shoreface unit is thought to have been deposited offshore {west of NM=32) in those areas landward from the limit of the Fite Ranch x = o | =
(Shoerg:aker Canyon SE quadrané{le) Thegup’per st Ef quadrangles will chert grains that locally occur widely scattered throughout the lower part of about 90 m.y. (Turonian) on the; deformation that t}}rus.t roc'ks of the extended into the study area; hence the informal term, “lower part of the beyon.d the zone where wave action and longshore currents affected sedi- transgression g T S| 8
be released by the U.S. Geological Survey as MF-series maps (Miscella- Stratigraphy (geg map legend), the upper and lower portions are lithologically very Blsbee Group (Lower Cretacequs} into no_rthwest-trendmg 1so‘chnal folds Mancos Shale,” is used here (Hook et al., 1980). mentation. Deposition of the upper shoreface unit probably took place in = o %=
i i . similar. in the area of the present Empire Mountains (southeastern Arizona). The Overlying the shale is the Paguate Tongue of the Dakota Sandstone, ive. B : . - Rio Salado Tongue of Mancos Shale (Upper Cretaceous)}—medium- to o T | e
neous Field Studies). In the Atarque Lake 1:50,000 quadrangle the rocks range from the Per- . : ; - o e : / ; 4 3 : X ) 5 . the zone where longshore currents were active. Burrows, including Ophio : : ; -5 c | =
; q Li o | Cafiaian ate € C The Zuni Sandstone is approximately 500 ft thick in the vicinity of Zuni resulting highlands supplied sediment to the northeastward-flowing streams, which consists of a 20-25-ft-thick, massive, cross-bedded, upward-coar- i, are coniior R e lovier Fatbaddud Ghif afid 5ie-oeH BIesaRs dark-gray and brownish-gray marine shale, silty shale, calcareous shale, and o 2 ol 5.
mian San Andres Limestone to the Coniacian (Late Cretaceous) Crevasse Pueblo and southward into the north-central part of the map area. South- which-then traversed a broad coastal plain on the way to the Cretaceous sening sandstone unit that commonly has at the top a fossil-hash zone s o b calcarenite with thin interbedded sandstone af the very fop; weathers to genile = & w385
Canyon Formation, but scattered remnants of the late Tertiary Fence Lake . B : T moEe : . . ; ; ; : near the base and near the top of the upper crossbedded unit. " o Forses whalstaenaostlossc el Lowtlig e *gidlo c.u o -2
dy Bidah ’h' B i : be found . Al H i ward from this area the Zuni thins rapidly, the most rapid thinning oc- seaway. Hayes (1970) suggested this tectonic event may have provided composed almost exclusively of Exogyra levis and Pycnodonte cf. P. kellumi. Above the crossbedded unit is a covered, fine-grained interval that, to or lmOdelr'Zezi’ LE?P; pes, whi : g : Yr o c)j’ : i g s ol
2{1 udpper flt 1: gct i Orrﬁa kmns a C?O maiy t‘; OIun L ogg 1;3 iou ff}rnn curring in the southeast portion of Plumasano Basin in sec. 24, TSN, R19W the source for the Gallup Sandstone. The coarse-grained, feldspathic Toz- Large, brown, ferruginous/calcareous concretions also may be present in the south in the Cantaralo Spring qua drangie (Anderson, 1981), is a shale iri‘rhognsljnzerleir:m;zoiiecl?t Oe:]ioseo éucncd zj:e;;, Cenozozmcnne :VZ :f:e:?g?csn rg :3 & ;é) E 2|8 T—
Nou?h E}’rly'o : e f_arlcciluel 45; e qu.aLram{ei:l F" ;e laralggg frz;lw obe o : e and secs. 19 and 30 of T8N, R18W. In addition to rapid thinning, the rivio Member at the top of the Gallup surely represents a significant tec- the upper part; they are particularly well developed in sec. 31, T7IN, R20W. sequence containing carbonaceous and coaly zones Overiying A——— el Gpprox.‘icily a5 f cboveg 6 Ao SRR R T ’éreemhom g3 = o
1090 108° 30" hUr 1 amc? a‘i’:a 33 (1. T};y-’St atugl' n e ta A ; ) OT%WS a ga €o- appearance of two atypical facies in the Zuni Sandstone in the same area tonic event during this interval. The Paguate characteristically weathers to a light-tan or pale grayish-or- interval and locally taken as the top of the Atarq'ue is a thin, very fine Limestone (Bridge Creek Member) equivalent; l;pper 100 1 of the tongue confains o e He
— | c fanned t.anth etx etn stlacrossT i' ate 11(ne trcll Fh rlzor;a. Cief re? etlills causes the topographic expression of this part of the section to change It is here concluded that northeastward-directed compressional defor- ange color, but near the Atarque monocline it is oxidized to a reddish erained, burrowed, root-penetrated sandstone. This has been i’nterpreted oD Hivisstonecanctetion 2onss; asnciated whbithe cencrefions loeally <, - g
! N Nutrlo Feferre o the et);l s?rc 1Sn on ecll‘ 1arytroc san lt?map egend for further drastically from that of the Zuni Pueblo area. The two atypical facies, in mation during the Turonian, well documented in southeastern Arizona, brown. It is generally a minor cliff former, but outcrops are very limited. - res’tricted—bayror bechobarrter sumdutone: tics dlso discernible to the it e ciines. Morrewires: depredsus, Memtites rodasoises; Placerticerars 2= = Sz g
| \ information on the Tertiary and Quaternary units. ascending order, are: (1) reddish-browmn and grayish-red mudstone or sandy produced minor movements in the brittle basement rocks of the Zuni The best exposures are those along the drainage paralleling the south edge soiith i the Cantatalo gpring quadrangle ! cumminsi, and Neoptychites cephalotus; also found in this association are Ostrea =g 25| 8 =
I Permian through Jurassic rocks siltstone interbedded with the typical light pinkish-gray crossbedded sand- Basin. At first only subtle control was exerted on shoreline configuration, of the basalt flow in the southwest corner of the map and also around the In the present usage, the Atarque San dgstone corresponds to the lower sp., vcrtijous bivuflves, Turritella, and other gastropods; thickness of tongue § c = A1 &
I stone, and (2) matrix-supported, chert- and quartzite-pebble conglomerate but with time this deformation grew to play a role in determining the upper end of Galestina Canyon. Northward, the S merges with the - ’ estimated at 240 ft = @ c coal, carb. sh.
. JoEE - . . . . . < : ’ allup, or the Atarque Member of the Gallup, of Molenaar (1973), who, =
‘ The San Andres Limestone (Leonardian?), a dense, gray marine lime- (clasts up to 6 inches in diameter) in two zones approximately 100 ft above landwargl turnaround point of three transgressive-regressive cycles. Usmg main body of the Dakota, since the lower part of the Mancos pinches out. howeger also inch?ded thie: owerlying nomr?arine carbonac.(eous )shales . o s St i iselfoudii 2 2 % .f__)
PP i stone, is exposed in one small area near the village of Ojo Caliente in the the base. The lower conglomerate is 2 ft thick, and the upper one is the terminology of Molenaar (1983), the three cycles with their associated Near the village of Twowells, 14 mi due north of Zuni, the Paguate is not ﬂuvial—ci"lannel AR S AL BEd R i e Tl faunai :\;ow;z sa|:.rf\’i:§ oshaltl‘; V:_:m;nmz ::: Sc:;;::) oK rebcenush \:crd et E = g
e Oio'i/c:ian-e Fiigmazanc ] Ugpor Shagmaier | west-central part of the map. The exposures are on the uplifted eastern approximately 7 ft thick; both are welll exposed in the NEVs sec. 24, T8N, marine-shale tongues shown in parentheses are: T2-R2 (Pescado), T3-R3 present as a lithologic unit distinct from the main body of the Dakota evidence presented in Hook et al (1983) points to a significanlt age differ- ser: finefo fine grained; lower part commonly burrowed and biof:]rbored with ° 3 5 | = o
‘ e . A G%I::""Ln"i cw:*”‘b ! side of the Atarque monocline along d Segment where the structural relief ngW'SA é{uartZite- and chert-cobble ncongiomemte nearer the base of the (Mulatto)' ang ’}14_1194: (%atan)' The T2-R2 C}liCIEl!, during Whid}] the I;FI'ES (HDOk et ai" 1980)' ence between the Atarque and thl;E Ga]liup Hook et al recognize the Atar- these features cominuing' into the middle, shaly part; upper part is crossbedded § : E Llcf _g
A & % Rk ! exceeds 1,000 ft. The limestone has been quarried in several small pits Zuni Sandstone may be observed in the NEY4aSW1/s sec. 19, T8N, R18W, Hermanos to Gallup Sandstone transition took place, appears to have been The Whitewater Arroyo Tongue of the Mancos Shale overlies the Paguate ; e e o : - in thi ith thin shale interbeds; locally fossilif == b =
& & & NS 1 4 3 P : ’ b y . ; ue as having been deposited earlier than the Gallup Sandstone and as in thin sefs and/or wavy bedded with thin shale interbeds; locally fossiliferous =£ 0
}J 3 3 @ cﬁ‘:}b“" | crushed, and used as road metal on county roads because gravel is a locally where an aggregate pit has been developed but is not presently active. controlled by early movemeht along the Atarque-Galestina—Defiance Tongue throughout the Zuni Basin. The name was proposed by Owen geing separatge d foit tﬁe Galliap By ithe sl Tor?gue o e B m ihvall pats bt moiiby: midelle-cnd st fséils-consisr of Pjencdonte: Kelgini -T g o 0 2| e L
)l [ . i ster- Although the medial notch is not recognized in the area of the two monocline zone, whereas the other two cycles are apparently related to 1966), wh lied it to a “well defined istent t f i hal ‘ : and small (relative to those in the Paguate Tongue) Exogyra fevis; also found ER =g =) o| O
et araue Lake | Masa e 2 scarce commodity. The thickness of the San Andres could not be deter Although : og) ; , 1 Cy pparently ( ), who applied it to a “well defined, persistent tongue of marine shale Shale. ( g 9 gy % 2 E55 o
\i{“w‘;; & Atera '0“ Mo y RN K, : mined because the base is nowhere exposed; however, a 1963 oil and gas atyplcal.faCIES, these two facies are considered to be near the middle of early movement along the Nutrie_l monocline. Bec_ause significant coal de- separating the Twowells (Tongue) from the rest of the Dakota Sandstone Excellent exposures of the Atarque Sandstone may be found in secs. 8 locally in association with these is Exogyra trigeri (Caquand); maximum thickness . E (@) @ E
i & & H :r.jb;vf:‘f'lf]ﬁf,:“:- ] test well a few miles to the northeast (T9N, R18W) penetrated 254 ft of the Zuni Sandstone. The conglomerates may represent the notch interval posits in northwestern New Mexico tend to occur just landward of marine in the southwestern part of the San Juan Basin.” A type section was des- and 9, T7N, R19W of the Venadito Camp 7Y/2-min quadrangle and in sec 30 f1 220 L 2 T
\ NN T v ':4“'10:\{0,; field a» s I San Andres Limestone (C. H. Maxwell, written comm. 1977). locally as a lag deposit. This facies may also be equivalent to the “Beds at turnarounds (Shomaker et al., 1971; Anderson and Stricker, 1984), rec- ignated in Whitewater Arroyo in sec. 17, T12N, R19W, near the village of 6 T61<I RléW of the Atarque Lake 7%/2-min quadrangle. It varies from 5é hi i Shale (U Cret ) § 2 g o & coal, thin
Prge i A : 4:::;‘ ! The Chinle Formation (Upper Triassic) unconformably overlies the San Lupton” described by O'Sullivan and Green (1973) as reddish-brown sand- ognizing the influence of structure on stratigraphy becomes economically Twowells, where it was stated to be 80 ft thick and described as a gray to té &0 ff thick across the puo quadrangles ; tW li(:iwule;’ Akrm:;o Tr:zgnn:;e sohale‘agzo; forcr; :r‘ bgf:;mr;aco:;-sn;?:ﬁz * £ LS o s
1o i T Oy | Andres Limestone. The Chinle consists of approximately 1,000 ft of fluvial- stone and chert-pebble conglomerates that unconformably overlie the Chinle important. . ' olive-gray, silty, oyster-bearing shale. Within the Atarque Lake quadrangle, The Motetio Hill Forsiation (McLe‘llar{ et al., 1982) consists of fluvial- n:;él‘;;’”g W(Jg-ir?chjhick e fo'omfgeiwemh'ermg bentoni?e 05 onkimiiiy = - w | =154
i Draw Iobe AT : channel sandstones, floodplain deposits, and minor lacustrine sediments. Eormatlon or the Rock Point Member (_)f the: Wingate Sandstone. Nowhere It sho_u[d b_e noted that in the model discussed above the upthmwn the Whitewater Arroyo consists of 60 ft of medium- to dark-gray fissile annél sandstones. parboiarsons sHARE il dstémes, A s St T thies s AelSEiien I SAMATO, A FSICNEIG! (SRS, o n b
SI; ! These units crop out over an area 6-8 mi wide that extends N35°W from in the southwestern San Juan or Zuni Basins has a coarse conglomeratic block (Fig. 2) is rotated seaward (northeastward) under compression. The shale containing the relatively large oyster, Exogyra trigeri (Coquand), in This nonmarine sequence overlies the: Atarque Sandstone and represents Exogyra frigeri, is locally abundant; estimated thickness of unit is 60 fi O |5
=i } the Atarque Lake area and parallels the Atarque monocline. The thick facies been reported in the Entrada Sandstone, By contrast there are nu- inference is that the uptilted (or overthrust) end of this rotated block its middle portion. Also, very near the middle is a distinctive white- to the youngest Cretaceous rocks in the western part of the map. The geo-
=0 | sequences of mudstone, sandy siltstone, and silty shale that represent merous localities near the margins off Entrada deposition where reddish- provided shoreline Control.‘The downthrown block (on the southwest side) orange-weathering 15-inch-thick bentonite bed. This bentonite bed has graphic area in which these two new stratigraphic names (th'e Atarque Paguate Tongue of Dakota Sandstone (Upper Cretaceous)—yellowish- ©
w : floodplain and overbank deposits are generally nonresistant. Thus, more brown silty facies intertongue with sandy eolian facies (Harshbarger et al., would have then underlain the coastal-plain area, creating the proper been recognized 18 mi to the south in the Twentytwo Spring quadrangle, Sandstone and Moreno Hill Formation) are applied is northwest of Que- gray to grayish-orange, Yve” inc%urcxtecllshq”ow~worer marine sandsrolne; coar- T o
! | extensive development of northwest-trending strike valleys would be ex- 1957, p. 37). The finer-grained facies were water laid and represent dep- conditions for subtle subsidence and peat accumulation. and 75 mi to the east on D-Cross Mountain an 8-inch-thick bentonite bed diados itis shotei as Mesaverde Group: ot thie geologic miap of New Mexico sens upward from very fine to fine grained; commonly crossbedded in upper, U;:7 S
I ortite rnCriy - SN pected behind the monocline were it not for the presence of a very resistant osition in interdunal areas. . . ‘ A mgmf}cant feature of the Atarque anf:l the Galestina monoclines is that in a similar stratigraphic position was noted by Hook et al. (1980). Good (Dané and Bachman, 1965). ;”-Ossév-e p;_m W\fhﬂno?hfn.or;heosf Crcf)s:labed dhlp d\rechon:, but sot;‘rhecs‘rwar(:l =
| zant Li cap of calcrete and silcrete—chalcedony on the upper Bidahochi Formation. Throughout the Jurassic, and especially in the Late Jurassic, the area in they terminate southeastward along a line that trends N55°E and is coin- exposures of the Whitewater Arroyo Tongue and the bentonite bed occur : Cl'f: ot';ezr'i‘mf;n;?ee: mg‘e mm;ir;cie? efj“g;;d".f: SCEU: fnssc ng ?;C,il pﬁ;& 3| w
This cap preserved the Tertiary fill (Bidahochi) that buried the monocline which the eolian Zuni Sandstone was deposited lay between an area of cident with the course of Pinitos Draw. This is 90° to the monoclinal axes, in the NEYs sec. 30, T7N, R19W, where it is protected by a cover of T Kdp & , PP AR e oo i £l o
PP y ( ) o P M 9 ; . \ y ’ & . p ¥ Exegyra fevis and Pycnodonte kelfumi occur in abundance at top of unit and o | =
and diverted the main drainage around the south end of the structure, as subaqueous deposition to the north and the Mogollon Highland to the which trend approximately N35°W. Given this geometry plus the fact that Twowells Sandstone, and also along NM-32 in T8N, R18W. Colorless are well exposed in SWZsNE'/s sec. 31, T7N, R20W; burrows, including s | @ :
TEEY ﬂ is so well demonstrated by the course of the Jaralosa Draw lobe of the south. Harshbarger et al. (1957, p. 51) pointed out that northward-flowing no compressional features have been found southeast of the Pinitos Draw tabular masses of selenite commonly weather out of the bentonite bed. Ophiomorpha, common in upper part; entire section well exposed in SE'/aNW!/s = EridgeT Creek ;
N~ i . K 3 o R P L Gy v .
LIRS o North Plains lava field (see map). streams from the Mogollon Highland traversed the dune area (the present trend, there is a real possibility that Pinitos Draw follows the trace of a . y e sec. 14, T8N, R18W, where it is 15 ft thick; elsewhere thickness may approach —5 Limestone Beds
ﬂ South of 34°52'30" the Chinle Formation was mapped as an undiffer- Zuni Sandstone) and contributed coarse-grained sediment to the area of minor strike-slip fault. Thte TV;'OWEII{S Tong(lile Olfl the. ]%akota Sanci;tm}e is recggtmzed ;ln ﬂ;}IS area o5 it = =
entiated unit, and in the Mesa Colorado area 5 mi due north of Atarque Summerville deposition and later to the area of Morrison deposition. In The Atarque monocline apparently terminates abruptly to the northwest asg arr 1. }"i‘eh oYy dye O:VIS ~<c3}r:ta})1(~weat ShE Sal ? sl (;omesf; @ TKdt 7
Lake, the very thin Rock Point Member of the Wingate Sandstone also view of this setting, the presence of fluvial sediments including conglom- as well, in the vicinity of Ojo Caliente, and it is probable that a northeast- ?l? gois‘. i sp orat }EC ?at urelal ai Kie on Cclrops or ?grgce t:.xpressm‘nbcll Lower part of Mancos Shale (Upper Crefaceous)—gray o medium cark Sg >
was included with the Chinle. North of 34°52/30" the Sonsela Sandstone erates near the medial and in the upper part of the Zuni Sandstone is not trending zone of strike-slip movement exists there also. This results in the 1S Unit 18 ‘:f in per 4 (?Ita er? ytyﬁrymg egrees Ejt' n luéa. ‘l‘zn’ variable DESCRIPTION OF UNITS e grey merine arenaceous shale; moderate slope former; utcrops poor; generally S =i
Bed of the Petrified Forest Member was recognized and, therefore, in this surprising. Indeed, more fluvial sediments would be expected throughout segmentation of monoclinal-fold trends in the Zuni Basin. Fold segmen- gram ?;Z'Iet’ ARELE ta}’glél ftst]I'L'cl((n'l eg_l’ (t)w;ver, epogl lona tncf nless \{;arlels 'Féﬂ;d‘fd with main body of Dekota Sandstone (Kd); thickness may approach € =5
area three map units were used for the Chinle Formation: the lower part the Zuni, and one is forced to conclude that the main fluvial systems lay tation was recognized by Brown (1984) as a characteristic of Rocky Moun- ;S t‘i‘{)e dd clls P Of, L clln 3Stu Y a(lée;a aty 'dilolnsm 20 f‘( ) i ?Sa ’ Rilwiel endasiion dupesits—siond s, myexcesd 863 nitknes 'g _'g = _
FIGURE 1—Index map of New Mexico and southern Zuni Basin showing location of the Petrified Forest Member, the Sonsela, and the upper part of the either west or east of the Zuni-Atarque area. tain foreland deformation; he referred to it as compartmental deformation al-bedded, Very lne grained sandsione, (£) a middle, very lne:to fine- el ontonss oo, s niptotonin Mk Bodly oF Diiklel Sandstons: (Uppe Crefcsous)—ihe mafins, id- £ | =t Kdp /
and map authorship of the eight 7*/>-min quadrangles that comprise the northwest Petrified Forest Member (see map legend). The uppermost part of the Zuni, that part above the conglomerate beds, and related it to movement of discrete basement blocks. grained, 11"1terllsely burrov_ved andl bioturbated sandstone, and (3) an upper ’ ginal marine, and nonmarine rocks that make up the lowest part of the Cre- e QU"_ Kml [
quadrant of the Fence Lake 1:100,000 sheet (dashed outline); also shown is North Several of the sandstones in the Sonsela Bed are either conglomeratic generally retains its eolian character with one notable exception: a 20-ft- Fold structures do not match up across the controlling strike-slip faults, lgagt fth‘;t. li fl};ﬁ’ tl()) me_d_lum-dgr?_mecif péanar-c-ross}‘?eddeél, an}c)i geg?rag}’ Qcl Colluvium, landslide masses, or foreva blocks taceous sequence in west-central New Mexico {Hock, Cobban, and Landis, & | o il
Plains lava field (pattern) and major roads. at the base or have chert and quartzite-pebble conglomeratic zones scat- thick quartzite- and chert-pebble conglomerate bed constitutes the entire but more importantly one large structure may be balanced by several N i d Lek, ell e 1313;“’ o 't%na ’ tt be fop !Sl 7 ,_arl_:;l' FREa0e li dl_ 1980); unconformably overlies Zuni Sandstone; basal Dakota is nonmarine = os — T
Two of the three authors of the 1:24,000 mapping, Gary D. Stricker and tered throughout the unit at the base of upward-fining sequences. These Zuni interval in the NE/s sec. 6, T7N, R18W, where it rests unconformably smaller structures on the opposite side of the fault. This concept applies ;\ec lo&é%o%sngra dY not{ Dﬁor ; eabs » ORI %a&:es fe uppermost ehs Alluvial deposits, undifferentiated—clay, silt, sand, and gravel in arroyos, sandstone or paludal shale and is well exposed 2 mi west of NM-=32 in NW1/. ORIEO e
William ]. Mapel of the U.S. Geological Survey, carried out the work on conglomeratic beds were likely the source of the chert-pebble conglomerate on the Rock Point Member. The conglomerate closely resembles those in all likelihood to the Zuni Basin, inasmuch as the Nutria monocline in e ;. ip 11:[e§ I | errlrll(g fone—(cirpss he Sst;%;‘? presen(’; In the on floodplains, and on gentle slopes sec. 26, T7N, R18W; basal portion also well exposed along Atarque monocline, ég =9 ik -
behalf of the Zuni Tribal Council and the Ramah Navajo Agency, respec- beds commonly found at the base of the Dakota Sandstone. Other than found at lower levels in the Zuni in clast size, lithology, matrix, and color. one “compartment” may be balanced by the Atarque and Galestina mono- upper part; symmetric.ripple marks tound m:the ' 1 sec. 20, T7N, . : N and InGilesfina Whbyan Ionarth-saniral palt ot melp e euie-cediionaniy Qo marine
. . . ) gency, P Lok i Ses . . . . " . . R20W and elsewhere are oriented north to just west of north. The oyster Jaralosa Draw lobe of North Plains lava field—originating from centers be observed; middle Daketa is paludal shale with very thin, lenticular carbo- )
tively. Anderson’s mapping covered the area from just north of Fence Lake the locally abundant petrified-wood fragments, for which the Petrified It contains cobble-size material and, thus, is coarser than anything found clines in another. o X . . e ST L R R :
' ; : ; . — : : : : A Th th : Basis f t trike-sli t Pycnodonte kellumi is abundant in many places at the top of the Twowells - Qb to east in the North Plains lava field; olivine tholeiite in composition with K—Ar nacecus and coaly beds thot are noneconomic; upper 25-30 ft composed of
boundaryv of the Zuni Reservation and included parts of Forest Member is of course well known, no fossils were found. in the basal Dakota Sandstone, which overlies this sequence. Pebble im us, there is some basis for suggesting strike-slip or tear movement ‘ ; : Al . ; y ; : i
to the southern ¥ P : 3 A . Lo . . . . 3 . Tongue in the Mesita de Yeso quadrangle. Commonly found in association age of 1.41 m.y. (Laughlin, Brookins, Damon, and Shafigullah, 1979) flat, thinly bedded, lower fine-grained sandstone and sandy shale commonly
the Salt Lake coal field on the west and the Gallup-Zuni coal field on the Very small scale mine workings in the form of a stub adit that leads into brlcanpq in the 20-ft-thick bed mdncatgs a northward transport direction, lalong northeast-trending faults and, consquently, this shogld be taken S P e A R S A e B Ao Sl 5t Eaall smess sith iy elmietar et i tany arses o A-indrhideohatsebhls
east. an inclined shaft were found in the NEV4NEYs sec. 13, T7N, R20W. The but this is based on very few observations. into account When Late Cretaceous shoreline reconstructions are at- imens of Exooura levis ’ Y 5 P Travertine, calcareous sinter deposits—related fo springs in Ojo Caliente conglomerate is present in upper 10 ft of unit; total thickness approximately
The Atarque Lake 1:50,000 quadrang]e is located in western Cibola and workings explored a minor fault zone in a Chinle Formation sandstone tempted for this area. Although gywide ar.ray SE.ciassbied dip GG Wal Mesde (from area with an additional, isolated occurrence 8 mi east—northeast of Ojo Caliente 100
southern McKinley Counties 40 mi south of Gallup and 45 mi north of bed. Some fault breccia is present with much secondary calcite in the form s reconsirusted N NAOW te N25°E). the tdopermost sets with the northwesterlv di . . - . .
Quemado, via NM-32. The only improved road through the quadrangle of spar on exposed fracture surfaces. The local people refer to it as the Cretaceatis rocks . Moreto  Fence  Tres Hermaros confrol  Pgscado | Nutrig J flectlomesh _) SS— t%P £ el Higlata C o 1pshmay Tbv Tlfcstug mambarat opper Bidahacht hetmiatters: §limedul it Dakota Sandstone, undifferentiated (Upper Cretaceous)—includes Pa-
is NM-32, but a “fair-weather” county highway traverses the area from “old gold mine” in Thompson Draw and indicate that it is perhaps 60 yrs The Cretaceous rocks exposed in the Atarque Lake 1:50,000 quadrangle Hli” Lake r-—-__A,/!w | P pmnfs\1 Creek I o monocline i fe ec Tﬁngs ore Currfen lrfE‘jC (1:1(:1{}5 pafrla e 1r1;gdd‘_s ate gri‘})lmﬁma_n SbOTe' rhyolitic tuff occurring as isolated patches just west of center of map guate Tongus (Kd) and lower part of Mancos Shals (Kmi); vsed in southwesiern
y : : R ines. The presence of wa edding, flaser bedding, and the herri ]
northeast to southwest with many ranch roads and dirt tracks branching old. No gold was ever produced from the workings. range from the Cenon:lanlan Dakota SandStone_ to the conlacmn_ Crevasse . | CIOSSbeddiIil Fistiraia i:zvidencegof a tidal-flat gdal— h 1 ng ofne U ber of Bidahochi F tion (Pli Y highl bk ik part of map where lithology of Paguate Tongue or where its relationship to o [} .
£ : Northward f Mesa Colorado at imately 34°5230" latitude, th Canyon Formation (Fig. 3). The sequence consists of, in ascending order, I : & ’ S-tdal-chanie’ OHgIn Iox, Pper.temberorbidanachi rormation (Fllocens)-—nighly yatiaols ligh- vicii by Didliotd i Ucertainy used B cross sedhion O » T o medial
rom it. orthward from Mesa Colorado at approximately AMOC;, e : | portions of the upper Twowells; the presence of clay clasts reinforces this gray sandstone and conglomerate and light-brown to light brownish-gray un- ’ — n 2 notch
GeOIOgicallY! the Atarque Lake 1:50,000 quadrangle lies near the south- overlying Rock Point Member of the Wingate Sandstone was mapped as the Lakota Sandstone (main bOdY)’ fhe ‘ower parg of theulmens shae, ! Crevasse Canyon Formation interpretation. The overall ori: irllof the Twowells i hat of i consolidated sand; conglomerates are well indurated with calcareous cement Zuni Sandstone (Upper Jurassic)—white to pale reddish-brown and pale- w0 = -
: : hi : A % ; . 1 diff he B f Pie M the Paguate Tongue of the Dakota Sandstone, the Whitewater Arroyo Tongue | mterpretation. 8l vowells is somewhat of an enigma Thu : . : . PP _ PO s ‘ P wn | = ©
eastern margin of the Colorado Plateau phys10grap IC province. As suc a separate unit. It crops out in a small clitf near the base of Pie Mesa, f the M Shale. the T s T f the Dak Sand h _— in that the lack of coastaI—plam or deltaic sediments at the top indicates and composed of pebble- to boulder-size vesicular basalt and other volcanic orange quartzose sandstone; fines upward from medium to very fine grained; < =S g
it has typical Colorado Plateau features, namely broad areas of relatively which extends northwestward along the eastern side of a small topo- of the Mancos shale, the Twowells longue of the Dakota bandstone, the R e i extensive progradation without significant shoreline regression rock with minor chert and quartzite; this coarse bouldery facies represents in northern part of map a medial notch separates unit into upper and lower o N ]
flat-lying upper Paleozoic and Mesozoic rocks with deeply incised canyons, graphic depression called Plumasano Basin. The Rock Point Member con- Rio Salado Tongue of the Mancos Shale, the regressive Atarque Sandstone, g S Sy Momber: A TH Rt Sl Tonsts 6f thiMehtoaShale favie se% ts a ramid ret reworked Fence Lake Formation deposits Baile; paricularly will displeved: i Galesing Cotven & norlh boundary of Els e
interrupted locally by abrupt, narrow, monoclinal flexures. The canyons sists of reddish-brown, flat-bedded, very fine grained silty sandstone and and, in the western two-thirds of the map, the coal-bearing Moreno Hill T Sonder to open-marine, dee E‘%_water conditions or an inte]:r Hori r d " min map, in SW!/a sec. 12, TBN, RI9W, on south face of Mesa Colorade, and 5 2o 5
and monoclines offer excellent outcrops of the entire Jurassic and Creta- sandy siltstone. It averages approximately 60 ft in thickness in the Plu- Formation. In the eastern third of the map the stratigraphy above the Formation | e p ”P i Al P f the T s I . félp lion n Saél-'. SUPPRLY Fence Lake Formation (Miocene?)—gray fo pinkish-gray, coarse volcani- along Atarque monocline in west-central portion of map; lower portion has > N
; : e . . . . Atarque Sandstone is more complex owing to the presence of the distal ! e et T T r ollowing deposition of the Twowells. f consists of dark- to medium-gray clastic sandstone and conglomerate; conglomerate consists of vesicular besalt, zones containing chert and feldspar particles up fo 1 mm in diameter and ma
ceous section and of parts of the Permian and Triassic section masano Basin area but thickens northward. Two mi north of Mesa Colo- q E 8 p R RN d ish-b hal 1 hal d thi : ; i : g : : 9 parp B Y
A th 1 pl ical i tigati f th th : f Dutt do in W1 >W1/ 30, T8N, R18W, worm trails and small-diameter portion of a subsequent marine transgressive-regressive sequence (Fig. s Pescado _Tongue and grayish-brown shale, calcareous shale, an thin calcarenites, with an T basaltic andesite, rhyodacite, oither volcanic rocks, and minor quartzite; present be the equivalent of the Entrada Sandstone; the upper portion is generally
rnongh Eéi ear ngec;) t(;glca 11;:vesf 1t§la 1§ns 'OPl teamea Sret osr; 9o1 ] u ﬁn 1rja o in 2 2t 55‘0_- e Ak R T o o ke irc1 R 3). The re-advance of the seaway in a southwesterly direction during ! interbedded shale and very fine grained sandstone sequence at the top only in northeast part of map, and assignment fo Fence Lake Formation based somewhat finer grained, crossbedded in thick sets, locally greenish gray, and
(1885), who described the rocks of the Zuni Plateau, Darton ( ), who urrows were noted in the unit, which suggests depositio so yp middle to late Turonian time left a shoreface buildup of variable thickness PoTes | == T T T where it grades into the overlying Atarque Sandstone. on its restriction to the highest levels (cbove 7,500 ft) and lack of the white, may be the equivalent of the Cow Springs Sandstone; medial notch cuts upsection
included the Zuni Basin in a regional study, and Sears (1925), whose report of shallow-water environment, lacustrine or lagoonal. Harshbarger et al. : | Hermans Carthage Member Ll R The name Rio Salado Tongue was pri db i rhyolitic tuffaceous units that ocecur locally in upper part of Bidahochi Formation to southwest. and upper part is beveled off in southern part of map. south of
on the geology and coal resources of the Zuni Basin extended southward (1957) hypothesized deposition in a “quiet water system,” which they that has been designated as the upper member of the Tres Hermanos | Femmna =7 ances Shale’ -, Sebired as Hh ; e s plapised byblook stal. (L389). I Is Mostos oo ol Eatien e ] o o b
¢ geology @ § T YP ) 1% q i Y ’ Formation (as redefined by Hook et al., 1983). This upper member, the J == T - - - efined as the marine-shale tongue lying between the Twowells Tongue & . i v B sl 8 | esita de Yeso; atypical facies in lower part consists of reddish-brown, lower
into the northern portions of the present study area. Later investigations named Rock Point Lagoon. In the extreme south-central part of the map Fite Ranch Sand Mt h d th Ivine Pescado T ¢ th T e e R R B s of the Dakota Sandstone and the Atarque Sandstone and is coextensive revasse Canyon Formation, Dilco Member (Upper Crefaceous)—light very fine grained, silty sandstone interbedded with white to pale-orange, cross-
by Molenaar (1973) and Hook et al. (1983) have added greatly to our over a very small area near Mesita de Yeso, the Rock Point Member also ite haneh eandstone EmMEL, ane fe:ovellying tescado.longue ot ke Sandstona. ot *of Mbr, T igs T PR S g W W iy R B W with these two units. The Rio Salado is approximately 250 ft thick in the e gray and light yellowish-gray, wery fine 1o fine-grained sandstone; crossbedded; bedded, fine-grained sandstone, well displayed in sec. 13, T8N, R19W; very
understanding of the intertongued marine-nonmarine Upper Cretaceous was mapped as a separate unit. Here it is approximately 30 ft thick (An- Mancos Shale are truncated by modern erosion near the R_ange 16-17 line RN N R ’ LS e A E e S e Asreie Takerures ledge forming; occurs in broadly lenticular b.EdS" _olso I\ghr-grcy siltstone and atypical coarse-grained facies in lower part consists of quartzite pebble and o [£.
i i i ; d hering i f the ch isti f the Rock in the southeastern part of the map. The isolated outcrop in the NE/s sec. it e e i B - 0~ i e S it Bl gl : o brown mudstone and carbonaceous shale with thin coal lenses in basal part; cobble conglomerate, well displayed in NE's sec. 24, T8N, RISW and in S 58
dehitenca m the Jum Bajs:;ln. k has benefited v by d dersoni LIBC) A Hued WSS, [SOTEBLING EianaCranisties D S Ko 24, T7N, R17W, which contains the bivalve Inoceramus dimidius at the base S T T T Do T DT, D T o P BT T The thin calcarenite and calcareous shale beds that occur 25-40 ft above 140 ft thick NE'/a sec. &, T7N, R18W; thickness varies from 90 ft at southern boundary to 25| 2E
WLEDGMENTS—This work has benefite reat iscussions i iffs. ‘ ’ : “ i e e BB et At ; : : . - 0, . ; : = b
wi?hcgiﬂo Rlifhard Chambe;li;v and Dr. Frank E Igo’ctlm)fvsk)ir of the New qul'll}lfacxirflfite to very light pinkish-gray, fine-grained, large-scale cross- of the Fite Ranch Member, marks the southwesternmost occurrence of e e o Tonewe_ —_~] me bE}l)SQ Offt}kl\e lém Sal;?do a1ge e Qqulvalenlz ° tlile T Ot e ivi ' R SR pp-oF IR eie] GEuEy = g=
o ¢ Mi lRl C di Dit. Stesh aiidail. msssive sands re thet ovetles the Rock Doint Member is e these units (see map). The turnaround point, at which the transgressive BT e = Wh“ew‘ﬁnrummy ember of the Greenhorn Formation (Hook et al., 1980). Outcrops of thlese Torerlo Member -cvf Gallup S»andstone-(Upper Crefuceous)—ledg'efform—
Mexico Bureau of Mines and Mineral Resources. Credit goes to Dr. dtephen edaed, mass : ) 1= . . : . 100 o5 =i : beds can often be recognlzed at a distance because the ye]_low-weatherlng ing, groyish-red, fine- to very coarse grained, crossbedded, feldspethic sand- Rock Point Member of Wingate Sandstone (Upper Triassic}—pale to
d Dr. William A. Cobb. f the U.S. Geological Zuni Sandstone (Anderson, 1983). The Zuni consists of the undivided Fite Ranch Member grades into the proximal part of the regressive Gallup vertical exaggeration ; ; ; ; Kgt i i PP ’
C. Hook of Texaco Inc. an r. William A. Cobban of the U.5. eologica uni ’ : : Sandstone. has beer obliterated. by modern erosion but was probably na R 50 5 10 15km Daketa  Sandstone calcarenites stand out in contrast to the typically gray Mancos Shale. Thin stone; present only in extreme northeast corner of the map; unit ranges up fo moderately reddish brown, flat-bedded sandy silistone and silty sandstone; not
Survey, who did most of the faunal identifications. The drafting assistance equivalents of the upper Entrada and the Cow Springs Sandstones and, ‘ 0 Y. ! _ P ¥ 0 . limestone beds are well exposed just west of NM-32 in the SW1/s sec. 6 40 ft thick locally; east-northeast crossbed dip directions prevalent AW mappable everywhere; thickness ranges from 30 1o mere than 80 ff; included
Y, : : : more than 6-8 mi farther to the southwest, which places it near the Atarque © 5 IOmi i P ] S .
of Cindie A. Salisbury and Michael W. Wooldridge of the New Mexico line. Because no record of this e ressic§1 Ay f(%h - m;"—“.— - T6N, R17W, where they contain abundant fragments of Pycnodonte new- with Chinle Formatien in southwest part of map
. . . & . ew exico H 4
Bureau of Mines and Mineral Resources is gratefully acknowledged. sW NE i 8 & presst v Marine shale ire berryi (Stanton) and inoceramid debris. Exposures farther to the west, in Ganl-beoring mamber of Gallup: Sandshens: (Upper Cratacanus)—at . i . . _
Quaternary basalt flow (the Jaralosa Draw lobe), the flow is taken as the ; Fance:Laks Gallup 21, T7N, R20W. - i £ H . 4 base is a 30-35-ft-thick fluvial-channel sondstone that rests with sharp erosional Chinle Formation, undifferentiated (Upper Triassic)—grayish-red, pur-
} AU EASIN I point of nomenclature change, from Tires Hermanos Formation and Gallup Niadive: maniisions tiw e P . o Se;:- , £1 : '1 contain a mgreh' IVere auna. ereﬁ In a sequence of contact on the F member; above is a variable sequence of fluvial and paludal ple, reddish-brown, and green/reddish-brown mottled clayey siltstone, mud-
GEOLOGY Sandstone on the north side to the (Irn(JSﬂy) equivalent Moreno Hill For- sedtion XX X lca C?lreouslfi ake, ca caren&te, a.n thin 1mestones, a C'C). ection of the fol- rocks including dark-gray, silty-sandy claystone, fissile, brown carbonaceous stone, shale, and sandstone; minor white to very light gray, crossbedded sandstone
mation on the south side. For expediency, NM-=32 has been chosen as the [ Nonmarine deposits (})IWI{lIgSmg ui} s_wilssma e_wﬂh the asswtfm_ce‘ of WIIha.m A Cobban.of Kge shale, light-gray f;i#_stone, andlfigghﬁ yeilowisb—grcy, crossbedded, r'\pple-murk.ed and pebble conglomerates; locally includes overlying Rock Point Member
. . 5o SilenRiedica east—west boundary of nomenclature Change, the Moreno Hill Formation the U.5. Geo oglca urvey. _Metozcocems gt;hmgnum, ‘SCIPO?IOCE?‘LIS gmcxle, 2B sandstone; ferruginous concretioins common in shale and claystone beds; contains
Geologic setting Stats boundary N sateat e being restricted to the area west of the highway. _ . ‘ _ ‘ Worthoceras vermiculum, Kanibisceras septumseriatum, Lucina sp., and Psilomya four coal beds ranging up tor 2 ft rhiclf,- lowest coal rests on basal fluvial Upper part of Petrified Forest Member of Chinle Formation (Upper
The eight 7'/>-mi drangles treated collectively here as the Atarque ~ rorecine roracline monecline : : . FIGURE 3—Stratigraphic cross section from Moreno Hill to Gallup showing no- sp. These beds were deposited during the very late Cenomanian (Green- sondsfone; next fwo higher coxcls contain disfincive grayish-white claystone Triassic)—commonly banded groyish-red to pale reddish-brown and purple,
€ elg Fmin quadrang Y. e b The remainder of the Cretaceous section for the eastern third of the ma menclature change at landward extent of Fite Ranch Sandstone Member of Tres i i : it (fonstein) partings 0.2-0.4 ft thiick; coal-bearing member approximately 100 fi flat-bedd stone, silistone, ‘an Histeris of Auvial ot
; f th P g horn) transgressive maximum, an event that was marked by the deposition Yy ed mudstone, siltstone, and sandy siltstone of fluvial origin
Lake 1:50,000 quadrangle lie in the }slouthwesttgn portion fiile duni Bamri . consists of the above-mentioned Gallup Sandstone and the overlying Dilco Hermanos Formation (modified from Hook et al., 1983). of limestone beds thoughout most of the Western Interior seaway. The thick =
(Fig. 1). The Zuni Basin is a northwest-trending, asymmetric structura : ﬂ\&“ Coal Member of the Crevasse Canyon Formation. The uppermost member CRETACEOUS SEQUENCE WEST OF NM-32—The rocks called the main body beds form important marker horizons, and also the guide fossil Pyciodonte _ ‘ Sonsela Sandstone Bed of Petrified Forest Member of Chinle Formation g
sag bounded abruptly on the northeast by the Nutria monocline with steep . e e i hic: Auvial-ch 1 ; ; : : ] 5 L Ui F member of Gallup Sandstane (Upper Cretaceous)—light-gray, very fine U Teicesict_rsinks Fabis v G
. : : Basin i of the Gallup is the distinctive, coarse-grained, feldspathic, fluvial-channe f the Dakota Sandstone are the marine, marginal-marine, and nonmarine newberryi appears in abundance at, or just below, this interval (Hook and (Upper Triassic)—mainly light-gray to yellowish-brown, locally white, fine
southwesterly dips (nearly vertical locally, Fig. 2). The Zuni Basin is con- = st of the ’ 22 ’ ; yi app A OL] T a to fine-grained sandstone; lower part contains dark-gray silty and shaly partings; ined | = Yuvialk ) b=
ol £ ¥ e Yeri8 . ; sandstone complex named the Torrivio Member. Because of the gentle rocks that make up the lowest part of the Cretaceous sequence in west- Cobban, 1977). Pycnodonte newberryi was collected in the NE4 sec. 1, T6N : : i ; Reps gruinsn 1o conglomefanic fuylal-channsl sandsionss; theilesser sandstanesara z
tinuous with the San Juan Basin to the north where the Nutria monocline e ki lv (1°-2%) dips th st thi Ve Thirrise: Mems d ip P ’ . 1 ec. 1, ’ upper part somewhat more resistant with more distinct crosshedding and nu- separated by beds of bluish-gray fo grayish-purple mudstone and siltstone; “a
; by . p-p northeasterly (1°-2°) dips throughout this area, the Torrivio Member an Hook 1., 1980). In the stud the Dakot R18W. In the subsurf: the Bridee Creek bed b : @ A
loses all expression. Structures similar to, and parallel to, the Nutria mono- ! : 3 1 b icted to th theast ‘ central New Mexico (Hook et al., 1980). In the study area, the Dakota 18W. In the subsurface, the Bridge Creek beds may be recognized by the merous burrows; grades downward info the Pescade Tongue of the Mancos thickness variable, may exceed 140 ft locally a |5
dline, but of lesser magnitude, extend n:early e Eengtlr{ b thie Zini Baste t{_‘le K"erlymi D}ilcg SCOOg(]gAem der ar‘i restricted fo:fhemprineast:comer g Sandstone is approximately 100 ft thick and is composed of a basal, fluvial- distinctive resistivity kick they produce on the electric log, which is helpful Shale through an interval of 5—10 f; total thickness of unit approximately 50 5
and ’account for the northwest-trending outcrop pattern. The Atarque ! ’ & Sietanque axe Lo Ahe l‘aélg - Th : channel sandstone of varying thickness but not exceetdlng 30 ft; a paludal- in correlations. . . ft Lower part of Petrified Forest Member of Chinle Formation (Upper Trias- c | =
g i : R Exact configuration of INFLUENCE OF STRUCTURE ON CRETACEOUS STRATIGRAPHY—Ihe major shale sequence containing carbonaceous shale and thin (<1.0 ft) coal beds; At 100-125 ft above the Bridge Creek Limestone beds, limestone con- ) sic)—dusky-blue, grayish-purple, and light-gray lenticular beds of mudstore, () o .8
monocline is the most prominent of these subordinate parallel structures. L t lel ts of the Zuni B Hvinfl d the Cret } 2 : . : : : A o : ; Pescado T m Shale (U Crét - ) . 14 = =2
: . sem structural elements of the Zuru Basin apparently intluenced the Cretaceous and marginal-marine and marine sandstones, which form the uppermost cretions ranging from 2 inches to 2 ft in diameter begin to appear in the escado Tongue of Mancos Shale (Upper Cretaceous)—light- to medium- siltstone, and fine-grained sandstone of fluvial origin P o |
They all have sinuate traces and are typical Colorado Plateau-style mono- trati hv. Th e i-thedandviard hout of the Tres Her- : . . : ’ ; : ! . ! i A (up 1o 2 ft in diomet ; ) by )
clines. The southwestern margin of the basin is not as well defined; the- stra 1grag ﬁ/‘ Se Cc?l?a en'cteh?h Aet an wzg lpltl"lc JuL O }_w rt:s elr 20-25 ft of the unit. Fossils collected in the upper marine sands include section. The concretion-bearing zone is well exposed at several places in ﬁ Yr ; Hray i be 2 eéco c’f‘gf‘ ‘:’f_rge 4R 1o . Ich o ‘ij) o | e Elo
o e s . . 4 . . . ; : manos—-Gallup candstone wi e Atarque-Lalestina monocines stron, 3 i : i 3 . imestone concretions near the ase and very tnhin, fine-grainea sandstone beds San Andres Formation (Permian)—d ) : istant limestone; re- =
oretically, this limit would be the point at which the gentle northeasterly FIGURE 2—Diagrammatic cross section of Zuni Basin. P q BY the bivalves Pycnodonte kellumi and Exogyra levis, and Turritella sp. plus the northwest part of the Venadito Camp quadrangle (in T7N, R20W) and in lower half; unit approximately 30 ft thick in southeast; 65 ft thick in northeast stricted to one locality alon(g the f;\tcr:;ue ;Zfocl?:gn trhe:irz:t-clen;fri:?;eartrif <_I P 2|2
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Good exposures of the Moreno Hill in the map area are limited to isolated
patches in the northern half of the Venadito Camp quadrangle; the largest
of these is in sec. 9, T7N, R20W. Here a carbonaceous shale containing a
3-ft-thick, high-ash coal zone overlain by a thin fluvial-channel sandstone
is exposed. The dips are approximately 3° northeastward, and a drill hole
penetrated the coal zone at a depth of 150 ft in the northeast corner of the
section. Much of the area in adjacent sec. 4 and the E'/2 of sec. 5is underlain
by the Moreno Hill, but it is masked by the Tertiary Bidahochi Formation
or by alluvial and eolian material. The basal part of the Moreno Hill For-
mation is exposed in sec. 5, T6N, R19W, where it contains uneconomic
coal beds 1-4 inches thick. In this area a remnant of the Moreno Hill
Formation is preserved along a gentle synclinal axis west of the Atarque
monocline.

CRETACEOUS SEQUENCE EAST OF NM-32—The stratigraphic sequence be-
low the Atarque Sandstone remains the same in the eastern third of the
map area. The intertongued Dakota-Mancos sequence undergoes little
change, with the Paguate, Whitewater Arroyo, and Twowells Tongues all
being well exposed at localities along NM-32 in the eastern part of the
Upper Galestina Canyon quadrangle. A very fossiliferous bed occurs at
the top of the Twowells along NM-32 in secs. 6 and 7, T6eN, R17W. A
collection made from this locality consists almost exclusively of Pycnodonte
kellumi, with some forms transitional to Pycnodonte newberryi. Here and
eastward through sec. 7 and into adjacent sec. 8 the Twowells displays
sedimentary features such as wavy bedding, flaser bedding, and opposed
crossbeds, all of which suggest deposition in a tidally influenced environ-
ment.

The concretion-bearing, normally fossiliferous, upper part of the Rio
Salado Tongue of the Mancos is well exposed in the west-central part of
the Shoemaker Canyon SE quadrangle in secs. 14, 22, 23, 27, and 34, T7N,
R17W. Unfortunately, no ammonites were found in this area. Good ex-
posures of this part of the section also occur to the north in secs. 28 and
29, T8N, R17W, but access was denied by the present landowner—lease-
holder.

In the eastern part of the map area (east of NM-32) the Atarque Sand-
stone is reduced in rank from formation to member to reflect the fact that
the stratigraphy becomes more complex owing to a subsequent marine
transgression (Fig. 3). The sandstone associated with this transgression
forms the upper part of a regressive-transgressive wedge that has been
named the Tres Hermanos Formation by Hook et al. (1983). The Tres
Hermanos consists of (in ascending order) the Atarque Sandstone Member,
the nonmarine Carthage Member, and the Fite Ranch Sandstone Member.

The Atarque Member is a very pale orange and grayish-orange, upward-
coarsening sandstone with distinct lower and upper shoreface units. In
addition to these units, an upper unit composed of white to very pale
orange, fine-grained, multidirectionally crossbedded sandstone locally forms
a conspicuous cliff that rises above a bench developed on the upper shore-
face unit. This uppermost sandstone represents another shoreface buildup
and, as a result, the Atarque attains thicknesses of more than 60 ft, some-
what thicker than in the western part of the map area.

Fossils are sparse in the Atarque Member. The fossiliferous zone so
common at the base of the member farther northward in the Zuni Basin
is not present in the Atarque Lake 1:50,000 quadrangle. There are, how-
ever, two 4-inch-thick zones higher in the Atarque, in the upper shoreface
unit, that contain abundant bivalves. The bivalves, which include Pleurio-
cardia sp. and Ostrea sp., are generally small and may be observed in the
SW1/s sec. 22 and SW1s sec. 33, T7N, R17W, where they occur in a brown-
weathering, flat-bedded to low-angle crossbedded unit approximately 30
ft above the base of the Atarque Member.

Overlying the Atarque Member of the Tres Hermanos Formation is the
coal-bearing Carthage Member. This member was deposited on the emer-
gent coastal plain formed as the sea regressed to the northeast. It consists
of paludal shales with thin coals, splay sandstones, and fluvial-channel
sandstones. The basal portion is paludal shale. The contact with the un-
derlying burrowed and root-penetrated Atarque Member is sharp. The
basal coal zone, where present, lies 3-7 ft above the base and character-
istically has a 2-inch-thick white claystone composed of volcanic ash near
the middle. Immediately overlying the coal zone is a sequence of thin,
flat-bedded, burrowed, and root-penetrated sandstones. These marginal-
marine, flat-bedded sandstones have been used locally as an aid in iden-
tifying the top of the Atarque, but the top in this area is placed more
appropriately at the base of the first significant paludal and/or carbona-
ceous shale.

The middle part of the Carthage Member is largely shale and mudstone
and is poorly exposed. A prominent and widespread fluvial-channel com-
plex is present 30 ft below the top of the member, and this sandstone is
in turn overlain by a paludal shale with a carbonaceous zone. This upper
carbonaceous zone is best exposed in the NE's sec. 24, T7N, R17W and
in adjacent sec. 19. At this locality it is 2.5 ft thick and is coaly but does
not constitute a coal resource. The carbonaceous zone is capped by a fine-
grained splay sandstone, which is in turn overlain by a 20-ft-thick paludal-
shale sequence. The total thickness of the Carthage Member is approxi-
mately 200 ft.

The Carthage is overlain by the marine Fite Ranch Member of the Tres
Hermanos Formation. It is a fine-grained, flat-bedded to low-angle cross-
bedded sandstone that locally contains Inoceramus dimidius at the base. At
the measured section in the NEVs sec. 24, T7N, R17W, it is 8-10 ft thick.
The prominent topographic knob at elevation 7,480 ft is capped by the
Fite Ranch Sandstone, and this isolated outcrop represents the south-
westernmost occurrence of the member. It originally extended an un-
known distance to the southwest. Because the overlving Pescado Tongue
of the Mancos Shale is only 30 ft thick and thins quite rapidly south-
westward in this area, the turnaround line for the transgression repre-
sented by the Fite Ranch Member and Pescado Tongue of the Mancos
Shale was probably no more than 5 mi away.

The Fite Ranch varies in thickness locally from 2 to 10 ft and in places
cannot be recognized, as in the NE'/s sec. 34, T/N, R16W. Significantly, it
does not fine upward as might be expected in a transgressive sequence.
To explain this, Hook et al. (1983) stated that the Fite Ranch Sqndstone is
a transgressive offlap sequence, meaning that long stillstands of the shore-
line allowed extensive progradation of sand bodies to take place. These
episodes were punctuated by relatively rapid advances of the shoreline,
which transgressed its back-barrier and/or lagoonal deposits and then as-
sumed a stillstand in a more landward position.

The southwesternmost occurrence of the Fite Ranch Member is an ero-
sional remnant in the NE!/s sec. 24, T7N, R17W. The overlying Pescado
Tongue of the Mancos Shale has been eroded off, and its southwesternmost
occurrence is nearly 2 mi to the northeast (see accompanying geologic
map). Hook et al. (1983) stated that the presence of the Fite Ranch Member
and/or the Pescado Tongue shall determine the area in which the Tres
Hermanos nomenclature is to be used. For the map area, however, it was
considered appropriate to extend the Tres Hermanos nomenclature south-
westward around the end of the topographic feature upon which the Fite
Ranch truncation occurs. This carries the nomenclature throughout the
Shoemaker Canyon SE quadrangle and into the eastern part of the adjacent
Mesita de Yeso quadrangle. The latter quadrangle becomes the one in
which the change in stratigraphic nomenclature takes place (Anderson,
1982). To relate this change to a line rather than an area, the following has
been adopted by the New Mexico Bureau of Mines and Mineral Resources:
the Tres Hermanos nomenclature will be used east of NM-32 and north
of the Jaralosa Draw lobe of the North Plains lava field; Atarque Sandstone
and Moreno Hill Formation will be used for this interval west of NM-32
and south of the basalt flow. This nomenclature change corresponds to a
change in coal-field terminology. The Tres Hermanos outcrop defines the
south and southwest edge of the Gallup—Zuni coal field. Coal occurrences
in the Moreno Hill Formation to the south and west are part of the Salt
Lake coal field.

The Pescado Tongue of the Mancos Shale separates the Fite Ranch Mem-
ber of the Tres Hermanos Formation from the F member of the Gallup
Sandstone. The Pescado is characterized by large limestone concretions at
the base and very thin, fine-grained sandstones interbedded with shale
in the lower one third to one half. No molluscan fossils were found in the
Pescado during this investigation, but Hook et al. (1983) reported Inocer-
amus dimidius present near the middle of the unit farther north in the Zuni
Basin. The Pescado thins progressively in a southwesterly direction, and
at its southwesternmost outcrop in the EV/2 sec. 8, T7N, R16W, it is ap-
proximately 30 ft thick. At the Terreo triangulation point in sec. 34 of the
same township it is 28 ft thick; the rate of landward thinning in this area
is 3-5 ft per mile. Molenaar (1973) has correlated the Pescado with the
lower half of the D-Cross Tongue of the Mancos Shale.

The overlying Gallup Sandstone is approximately 200 ft thick and is
subdivided into (in ascending order) the F member, an unnamed coal-
bearing member, and the distinctive Torrivio Member.

The F member is a 45-50-ft-thick, regressive, coastal-barrier sandstone
that marks a transition in the Zuni Basin from an open-marine environ-
ment, in which the underlying Pescado Tongue of the Mancos Shale was
deposited, to a deltaic and coastal-plain environment, in which the over-
lying middle and upper parts of the Gallup were deposited. The lower
half of the F member is flat-bedded, light-gray, very fine to fine-grained
sandstone containing dark-gray silty and shaly partings; it is sparsely
burrowed but otherwise unfossiliferous. This part of the member is poorly
exposed except for the basal 5-10 ft, which locally forms subdued (rounded)
ledges. It grades downward into the Pescado through an interval of 5-10
ft. The upper part of the member is mostly flat-bedded and cross-bedded,
light-gray, fine-grained sandstone, which is somewhat more resistant than
the lower part. In sec. 4, T7N, R16W, the top of the member consists of
a 12-ft-thick bed of light-gray, fine-grained sandstone containing numerous
burrows at the top. It is underlain by a 6-ft-thick interval composed of
nonresistant shaly and slightly carbonaceous sandstone.

The middle coal-bearing member of the Gallup Sandstone is approxi-
mately 100 ft thick. It is the homotaxial equivalent of the informal Ramah
unit of Anderson and Stricker (1984). At the base is a fluvial-channel sand-
stone bed 30-35 ft thick that rests with a sharp erosional contact on the
marine sandstone of the F member. The fluvial sandstone is very light
gray to very light yellowish gray, mostly fine grained but somewhat coarser
at the base, crossbedded, and forms prominent rounded ledges and cliffs.

A variable sequence of fluvial and paludal rocks comprises the rest of
the coal-bearing member. Included in the sequence are a dark-gray silt-
stone and a light-gray and light yellowish-gray, crossbedded and ripple-
marked sandstone. Dark reddish-brown ferruginous concretions are com-
mon in some of the shale and claystone beds. Generally present along the
eastern edge of the Atarque Lake 1:50,000 quadrangle are as many as four
coal beds separated by shale, mudstone, and sandstone intervals a few
inches to several feet thick. Individual coals commonly are 1-2 ft thick,
thickening locally where two or more beds merge. The lowest of the coals
rests directly on, or within a few inches of, the basal fluvial sandstone
(see stratigraphic column). The next two higher coals contain 0.2-0.4-ft-
thick identifiable partings of grayish-white, altered volcanic-ash beds (ton-
steins). The ash beds can be useful in correlating the coals in an area of
several square miles in this part of the Zuni Basin.

The Torrivio Sandstone Member (Molenaar, 1973) overlies the coal-bear-
ing member and forms the top of the Gallup Sandstone. It consists of 40—
50 ft of medium- to very coarse grained, crossbedded, feldspathic sand-
stone. Crossbed dip directions are almost exclusively east, northeast, and
north indicating paleoflow in those directions. The Torrivio is generally
reddish brown but is locally bleached. The color and the very coarse
grained facies are the two main distinguishing characteristics of the Tor-
rivio, and nearly always one or both are present in any given outcrop. A
short distance to the north of the Atarque Lake 1:50,000 quadrangle, how-
ever, there are areas where neither of the distinctive characteristics are
present, and one may be forced to do some lateral tracing to make certain
that the sandstone in question is not a channel sandstone of the underlying
coal-bearing member or the overlying Crevasse Canyon Formation.

With one very small exception, the Torrivio Member outcrops are re-
stricted to the Shoemaker Canyon quadrangle in the northeast corner of
the map. It is a bold cliff former and caps the mesas between 7,400-ft and
7,600-ft elevations.

The Crevasse Canyon Formation (Allen and Balk, 1954) overlies the
Gallup Sandstone and is the youngest Cretaceous unit in the map area.
It consists of fluvial-channel sandstones and floodplain and backswamp
deposits. The floodplain and backswamp deposits consist of mudstone,
shale, carbonaceous shale, and minor, thin coal beds. At few places in the
map area does the remaining section of the Crevasse Canyon Formation
exceed 100 ft in thickness (see map legend). It is well exposed in the NE/s
sec. 5 and the NEV: sec. 6, T8N, R16W.

In his report on the Gallup-Zuni Basin, Sears (1925) used the names
Dilco Coal Member, Bartlett Barren Member, and Gibson Coal Member
for the sequence (in ascending order) above the Gallup Sandstone, all of
which, including the Gallup, were at that time members of the Mesaverde
Formation. These member names were retained for the new formation
name, Crevasse Canyon, first used for this nonmarine sequence overlying
the Gallup by Allen and Balk (1954) and later by Beaumont, Dane, and
Sears (1956), who revised the entire Mesaverde Group nomenclature.

The Dilco Coal Member is 240-300 ft thick in the northern part of the
Zuni Basin (Sears, 1925), where it was named for the abandoned village
of Dilco (from Direct Line Coal Company). Thus, the basal 100 ft or so of
Crevasse Canyon Formation that occurs as erosional remnants in the
northeast corner of the accompanying map may be considered the equiv-
alent of the Dilco Coal Member. Indeed that name is being used by U.S.
Geological Survey investigators immediately to the north on the Zuni
Reservation (G. D. Stricker, pers. comm. 1983).

Tertiary rocks

Tertiary rocks are present in the western half of the map area and on
Mesita de Yeso in the south-central part. In these areas the light-gray and
pinkish-gray lithic sandstone and conglomerate that unconformably over-
lie the Upper Cretaceous, Jurassic, and Triassic rocks are here assigned to
the Bidahochi Formation (Miocene-Pliocene). The conglomerates in the
unit are composed largely of pebble- to boulder-size volcanic clasts—ves-
icular basalts, basaltic andesites, and rhyodacites—that indicate an ulti-
mate source to the southeast in the Datil, Mangas, and Gallo Mountains.
However, it is likely that much or all of this coarse facies was derived from
the coarse-grained, conglomeratic deposit of very similar lithology, al-
though much thicker, that is present over much of the Zuni Plateau and
Santa Rita Mesa. The Santa Rita Mesa deposit 7 mi to the south and
generally a minimum of 200 ft higher in basal elevation has been designated
as the Fence Lake Formation (McLellan et al., 1982). This elevation dif-
ference may be the critical factor in distinguishing the two units. The
Bidahochi Formation, which is younger than the Fence Lake Formation
(Miocene), would be inset below the Fence Lake as it is known to be in
the Twentytwo Spring quadrangle to the south (Anderson and Frost, 1982).
This topographically lower position plus the local presence of white, rhy-
olitic ash beds are two of the criteria used to support a Bidahochi assign-
ment. No such ash beds have been reported in the Fence Lake Formation.
Perhaps an even more convincing argument for the Bidahochi Formation
is the fact that in T7N, R20W these deposits are graded to a late Pliocene—
early Pleistocene valley floor now delineated by the 1.41-m.y.-old Jaralosa
Draw lobe of the North Plains lava field. In this area the Bidahochi is
incised and backfilled across the Atarque monocline, indicating southwest
transport directions, which would be consistent with local reworking of
Fence Lake Formation deposits. Southwest paleoflow directions are in-
consistent with the Fence Lake Formation, which was deposited by a
northwest-flowing fluvial system.

Some of the better outcrops of the Bidahochi are in the southwestern
part of the map area. Here the unit may exceed 100 ft in thickness, but
only the basal part is well exposed. This is also an area where northeast-
trending cross folds, more or less orthogonal to the Atarque monocline,
were recognized. On the northwest limb of one such anticlinal cross fold
in the SW1/i sec. 24, T7N, R20W, the Bidahochi Formation has northwest
dips of up to 18°, suggesting that the folding may be as young as late
Pliocene. This deformation may be related to an episode of northwest-
southeast-directed late Tertiary crustal extension. Field evidence of such
extensional deformation this far west of the Jemez lineament (Laughlin et
al., 1982) has not thus far been recognized (Richard M. Chamberlin, pers.
comm. 1984).

In the northeast corner of the map area, in secs. 35 and 36, T9N, R17W
and in sec. 31, T9N, R16W, are two small isolated occurrences of Tertiary
rocks. These are composed chiefly of coarse-grained sandstone and bould-
ery conglomerates. The conglomerates consist of basalt, basaltic andesites,
rhyodacites, and other volcanic rocks. This lithology plus the topograph-
ically high position, basal elevation 7,600 ft, suggest that they are remnants
of the Fence Lake Formation. The unit originally covered much of the
southern half of the Zuni Basin, and reworking of these deposits during
the Pliocene time provided local source rock for the Bidahochi Formation.

FIGURE 4—Coal resources of the Atarque Lake 1:50,000 quadrangle are restricted
to areas shown in black; Jaralosa Draw lobe of North Plains lava field (Qb) shown
in pattern. Eastern boundary of Salt Lake coal field follows Atarque monocline;
western boundary of Gallup-Zuni coal field defined by heavy dashed line.

Coal resources

Coal resources in the roughly 480 mi* of the Atarque Lake 1:50,000
quadrangle are restricted to the two areas illustrated in Fig. 4. In the
southwestern part, limited to the Venadito Camp quadrangle, is a small
area of coal resources within the Salt Lake coal field. In the northeastern
part, limited to the Shoemaker Canyon quadrangle and extreme north-
eastern corner of the Shoemaker Canyon SE quadrangle, is a somewhat
larger area of coal resources that lies within the Gallup-Zuni coal field. In
this report the southern and western boundaries of the Gallup-Zuni coal
field coincide with the southwestern extent of the basal member of the
Tres Hermanos Formation, the Atarque Sandstone Member. It should be
noted that there are occurrences of high-ash coal in thin, lenticular beds
in the underlying Dakota Sandstone that extend several miles farther west,
but these beds are generally too thin to be considered a resource.

The portion of the Salt Lake field that extends onto the accompanying
map is bounded on the east and northeast by the Atarque monocline (Fig.
4). The demonstrated coal resources within this portion of the field are

TABLE 1—Estimated coal resources in the Moreno Hill Formation, Venadito Camp
quadrangle, March 1982, in thousands of short tons; all values rounded; 1,800 short
tons/acre ft used in the calculation. Total demonstrated resources (measured -+
indicated) = 5,800.

Thickness category

Township 1.2-2.3 ft 2.3-3.5 ft

and range Measured Indicated Measured Indicated Inferred
T7N, R20OW — —_ 2300 3500 2500
T8N, R20W — T — = 1200
Totals — — 2300 3500 3700

restricted to approximately a 2-mi* area within T7N, R20W. A very small
area of inferred resources extends northward into TSN, R20W.

The coal occurs in the lower part of the Moreno Hill Formation, ap-
proximately 20 ft above the top of the main part of the Atarque Sandstone.
Coal from this part of the Moreno Hill Formation somewhat to the south-
east of this area has been classified as high-volatile bituminous B and C
(Roybal and Campbell, 1981). Thus, a bituminous rank was assigned to
the coal in the present study area, and accordingly the 14-inch minimum
thickness was used in the coal-resource calculations (Wood et al., 1983).
The main coal bed, as measured in outcrop in sec. 9, T7N, R20W, is 3 ft
thick, with two white claystone (tonstein) partings that reduce the aggre-
gate coal thickness to 30 inches. In addition to the outcrop measurements,
two drill holes in secs. 9 and 15, T7N, R20W penetrated the main coal bed
at depths of 150 ft and 130 ft, respectively. These measurements and drill-
hole data provided the basis for the coal-resource figures presented in
Table 1.

TABLE 2—Analyses (in %) of coal from a split bed in the Gallup Sandstone exposed
in a roadcut in the SEVsNE's sec. 33, T8N, R16W, Cibola County, New Mexico.
Forms of analysis: A—as received, B—moisture free, and C—moisture and ash free
(analyses by the U.S. Department of Energy, 18 February 1980). Descriptions of
samples: K98773—0.6-ft-thick upper split above 0.4-ft-thick tonstein, K98772—1.4-
ft-thick lower split below the tonstein (from Anderson and Mapel, 1983).

Proximate Ultimate Haat

Sample Form of Volatile Fixed values
number analysis Moisture matter C Ash S H C N O BTU/lb

K98773 A 10.6 36.7 426 10.1 0.6 4.7 547 1.1 28.8 9017
B — 41.0 477 113 0.7 3.9 61.2 1.2 21.7 10085
C — 46.3 537 — 0.8 44 69.0 1.4 245 11365
K98772 A 11.3 37.0 450 6.7 0.6 49 577 1.2 29.0 9471
B — 41.7 507 7.6 0.6 4.1 65.0 1.4 21.4 10673
C — 451 549 — 0.7 4.4 703 1.5 23.1 11548

Coal in the Gallup-Zuni coal field is also classified as high-volatile bi-
tuminous C, based on the analyses of samples of fresh coal from a bed in
the Gallup Sandstone approximately 6 mi north of the map boundary
(Sears, 1925, p. 50). Table 2 shows the analyses of two samples of weath-
ered coal from a coal bed in the Gallup Sandstone exposed in a roadcut
near the southeastern corner of the Shoemaker Canyon quadrangle. The
analyses show ash contents of 6.7% and 10.1%, respectively, and sulfur
contents of 0.6% for the weathered coal, which is slightly less than the
values reported by Sears (1925, p. 50) for the fresh coal from approximately
the same horizon. Heat values of 9017 and 9471 BTU/Ib on an as-received
basis for the weathered coal (Table 2) compare with an average of ap-
proximately 11,000 BTU/Ib for the fresh coal as reported by Sears (1925,
p. 50). The weathered condition of the coal probably accounts for the low
heat values reported in Table 2.

TABLE 3—Estimated coal resources in the Gallup Sandstone, Shoemaker Canyon
SE quadrangle, 1 February 1983, in thousands of short tons; all values rounded;
1,800 short tons/acre ft used in the calculation. Total demonstrated resources (mea-
sured + indicated) = 1,400; no inferred resources calculated.

Thickness category

Towuship 1.2-2.3 ft 2.3-3.5 ft e

and range = Measured Indicated Total Measured Indicated Total township
T8N, R16W 120 180 300 95 — 95 400
T7N, R16W 440 140 530 370 20 390 970
Totals rounded 560 320 830 470 20 490 1400

Estimated resources of bituminous coal in the Shoemaker Canyon SE
quadrang]e total 1.4 million tons. Table 3 lists the demonstrated resources
by township according to thickness and reliability categories established
by Wood et al. (1983). The estimates are based on coal-bed measurements
made at five places in the northeastern part of the quadrangle in sec. 34,
T8N, R16W and in secs. 3 and 4, T7N, R16W. All the beds for which
resources are estimated are in the coal-bearing member of the Gallup
Sandstone. Coal beds and lenses in the Carthage Member of the Tres
Hermanos Formation are too thin and discontinuous for resource esti-
mates.

No coal-resource figures are presented herein for the Shoemaker Canyon
quadrangle. Most of the coal-bearing areas of this quadrangle are on either
Zuni Reservation land or Ramah Navajo Reservation land. Administrative
reports from the respective tribal councils have been, or are being, pre-
pared by the Branch of Coal Resources of the U.S. Geological Survey (Box
25046 Federal Center, Denver, Colorado 80225). The coal resources of the
Shoemaker Canyon quadrangle are restricted to the coal-bearing member
of the Gallup Sandstone and are for the most part limited to TSN, R17W
and T8N, R16W. In the latter township the coal occurs in three thickness
categories (1.2-2.3 ft, 2.3-3.5 ft, and 3.5-7.0 ft), and generally two white
claystone (tonstein) partings 0.2-0.5 ft thick may be observed at every
outcrop.
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