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Description of Ma p Units
01-00-00-00-00 — heading 02 — Qu aternary — Qu aternary —

01-01-00-00-00—map u nit—Qs—Qu aternary W indblown S and— H olocene, windblown sand
(Qs) forms coppice du nes and relativ ely thin (0.9–4.5 m; 3–15 ft) v eneers of u nconsolidated
sand on the Camp R ice flu v ial facies, older v alley-slope deposits, and you ng er v alley-slope
deposits (Qcrf, Qv o, and Qv y) adjacent to the modern floodplain. R ecent eolian sand, also
fou nd in small, coppice du nes next to blowou ts in the H u eco Bolson, is deriv ed from
reworking  of Camp R ice flu v ial deposits and/or erosion of modern floodplain sediments.
01-02-00-00-00— heading 03— R io Grande Valley— R io Grande Valley— T he older, v alley-fill
flu v ial facies (Qv of) that intertong u es with the Qv o fan deposits is fou nd in a low rid g e near
the modern floodplain. O ther ou tcrops of this facies are present adjacent to the floodplain, bu t
these ou tcrops were not inclu ded on the map becau se they are poorly exposed. T he sandy to
g rav elly riv er deposit contains well-rou nded, locally deriv ed pebbles as well as rou nded
qu artz, chert, g ranite, and basalt pebbles from u pstream sou rces. T he deposit is 6–9 m (20–30
ft) thick, and its constru ctional su rface apparently is correlativ e with the Picacho g eomorphic
su rface (fig . 2). H olocene and latest Pleistocene (< 15,000 yrs) arroyo-fan allu v iu m (Qv y) is
present in modern arroyo bottoms on the west side of the map area. S ilty to g rav elly,
u nconsolidated arroyo-channel fill and broad arroyo fans next to the modern R io Grande
floodplain are g raded to either the floodplain or F illmore g eomorphic su rface (fig . 2), which is
1.5–4.6 m (5–15 ft) abov e the floodplain. T he arroyo allu v iu m in the northern part of the
Anthony qu adrang le contains abu ndant mag netite that was probably reworked from the
Camp R ice flu v ial facies. T he you ng  arroyo-fan allu v iu m is approximately 1.5–6 m (5–20 ft)
thick. T he you ng er (H olocene and latest Pleistocene) v alley-fill flu v ial facies (Qvyf) that forms
the modern floodplain of the R io Grande is composed of sandy, g rav elly, and loamy
floodplain and channel deposits less than 15,000 years old that interfing er with the you ng er
arroyo-fan allu v iu m. T he u nit is approximately 9–21 m (30–70 ft) thick.
01-02-01-00-00—map u nit—Qv y—Qu aternary You ng er V alley-slope Allu v iu m— H olocene
and latest Pleistocene (< 15,000 yrs) arroyo-fan allu v iu m (Qvy) is present in modern arroyo
bottoms on the west side of the map area. S ilty to g rav elly, u nconsolidated arroyo-channel fill
and broad arroyo fans next to the modern R io Grande floodplain are g raded to either the
floodplain or F illmore g eomorphic su rface (fig . 2), which is 1.5–4.6 m (5–15 ft) abov e the
floodplain. T he arroyo allu v iu m in the northern part of the Anthony qu adrang le contains
abu ndant mag netite that was probably reworked from the Camp R ice flu v ial facies. T he
you ng  arroyo-fan allu v iu m is approximately 1.5–6 m (5–20 ft) thick.
01-02-02-00-00—map u nit—Qv yf— Qu aternary You ng er Valley-fill F lu v ial F acies— T he
you ng er (H olocene and latest Pleistocene) v alley-fill flu v ial facies (Qv yf) that forms the
modern floodplain of the R io Grande is composed of sandy, g rav elly, and loamy floodplain
and channel deposits less than 15,000 yrs old that interfing er with the you ng er arroyo-fan
allu v iu m. T he u nit is approximately 9–21 m (30–70 ft) thick.
01-02-03-00-00—map u nit—Qv o—Qu aternary O lder Valley-slope Allu v iu m— Valley-slope
deposits associated with riv er entrenchment: O lder, v alley-slope deposits (Qv o) that form
terraces along  arroyos in the western part of the map area are silty to g rav elly, locally deriv ed
fan deposits. T hese deposits are associated with g eomorphic su rfaces (T ortu g as and Picacho,
fig . 2) that are g raded to late Pleistocene lev els of the R io Grande floodplain. T he Qv o
deposits and su rfaces are inset below the Camp R ice fan deposits (Jornada I su rface) bu t
typically are g raded to su rfaces 15–30 m (49–98 ft) abov e the present floodplain. A well-
dev eloped, petrocalcic soil u p to 1 m (3 ft) thick is dev eloped on the su rfaces, especially in the
sou thern part of the map area. T he Qv o fan deposits are as mu ch as 15 m (49 ft) thick in some
places; howev er, Qv o deposits g enerally are approximately 6 m (20 ft) thick.
01-02-04-00-00—map u nit—Qv of— Qu aternary O lder Valley-fill F lu v ial F acies— T he older,
v alley-fill flu v ial facies (Qv of) that intertong u es with the Qv o fan deposits is fou nd in a low
rid g e near the modern floodplain. O ther ou tcrops of this facies are present adjacent to the
floodplain, bu t these ou tcrops were not inclu ded on the map becau se they are poorly
exposed. T he sandy to g rav elly riv er deposit contains well-rou nded, locally deriv ed pebbles
as well as rou nded qu artz, chert, g ranite, and basalt pebbles from u pstream sou rces. T he
deposit is 6–9 m (20–30 ft) thick, and its constru ctional su rface apparently is correlativ e with
the Picacho g eomorphic su rface (fig . 2).
01-03-00-00-00— heading 03— U ndissected Bolson— U ndissected Bolson—Basin-fill deposits
not affected by activ ity of the R io Grande: M ost of the floor of the H u eco Bolson is cov ered by
late Pleistocene piedmont-slope deposits (Qpo) and you ng er (H olocene) piedmont-slope,
arroyo allu v iu m (Qpy). W e had dif ficu lty disting u ishing  between Qpo fans and Qpy fans in
this area, so we lu mped the two u nits tog ether to form an u ndif ferentiated u pper Pleistocene
to H olocene piedmont-slope, arroyo-allu v iu m u nit (Qpa). T he Qpa deposits are composed of
reddish-brown silt and ang u lar, locally deriv ed g rav el. You ng er allu v iu m (Qpy) in the H u eco
Bolson is fou nd primarily in shallow arroyos and fans at modern arroyo mou ths. S hallow
drainag eways occu pied by you ng er piedmont- slope, arroyo allu v iu m are u su ally inset below
the constru ctional su rface (Jornada I su rface) of the Camp R ice fans. M ost of the thin (0.6–3 m;
2–10 ft), u nconsolidated, loamy allu v iu m on Camp R ice fan su rfaces east of the mou ntains
probably is older piedmont-slope allu v iu m (Qpo). T he La M esa g eomorphic su rface is the
basinal extension of the Jornada I piedmont-slope constru ctional su rface (fig . 2). T his su rface
is well dev eloped on the Camp R ice flu v ial facies in F illmore Pass, along  the north edg e of the
qu adrang le, and in the H u eco Bolson, ju st sou th of the F ort Bliss M ilitary R eserv ation
bou ndary. Larg e portions of the La M esa su rface in both F illmore Pass and H u eco Bolson are
cov ered by late Pleistocene and H olocene, brownish-red, silty basin-floor and toeslope
sediments (Qbf). Basin-floor silt and clay also cov er the floor of a larg e depression east of the
Artillery R ang e fau lt in H u eco Bolson. U ndissected basin-floor and toeslope deposits are
litholog ically similar to the minor toeslope facies of the Camp R ice F ormation becau se both
Qbf sediments and Camp R ice toeslope sediments were deposited in the transition zone
between central-basin floors and piedmont slopes. T he Qbf deposits locally inclu de well-
dev eloped soil profiles, which indicates that mu ch of the basin-floor and toeslope sediments
probably are correlativ e with older piedmont-slope allu v iu m (Qpo). Basin-floor sediments are
approximately 1–3 m (3–10 ft) thick. Valley-slope deposits associated with riv er
entrenchment: O lder, v alley-slope deposits (Qv o) that form terraces along  arroyos in the
western part of the map area are silty to g rav elly, locally deriv ed fan deposits. T hese deposits
are associated with g eomorphic su rfaces (T ortu g as and Picacho, fig . 2) that are g raded to late
Pleistocene lev els of the R io Grande floodplain. T he Qv o deposits and su rfaces are inset
below the Camp R ice fan deposits (Jornada I su rface) bu t typically are g raded to su rfaces
15–30 m (49–98 ft) abov e the present floodplain. A well-dev eloped, petrocalcic soil u p to 1 m
(3 ft) thick is dev eloped on the su rfaces, especially in the sou thern part of the map area. T he
Qv o fan deposits are as mu ch as 15 m (49 ft) thick in some places; howev er, Qv o deposits
g enerally are approximately 6 m (20 ft) thick.
01-03-01-00-00—map u nit—Qpa—Qu aternary U ndif ferentiated Piedmont-slope
Allu v iu m— M ost of the floor of the H u eco Bolson is cov ered by late Pleistocene piedmont-
slope deposits (Qpo) and you ng er (H olocene) piedmont-slope, arroyo allu v iu m (Qpy). W e
had dif ficu lty disting u ishing  between Qpo fans and Qpy fans in this area, so we lu mped the
two u nits tog ether to form an u ndif ferentiated u pper Pleistocene to H olocene piedmont-
slope, arroyo-allu v iu m u nit (Qpa). T he Qpa deposits are composed of reddish-brown silt and
ang u lar, locally deriv ed g rav el. You ng er allu v iu m (Qpy) in the H u eco Bolson is fou nd
primarily in shallow arroyos and fans at modern arroyo mou ths. S hallow drainag eways
occu pied by you ng er piedmont- slope, arroyo allu v iu m are u su ally inset below the
constru ctional su rface (Jornada I su rface) of the Camp R ice fans. M ost of the thin (0.6–3 m;
2–10 ft), u nconsolidated, loamy allu v iu m on Camp R ice fan su rfaces east of the mou ntains
probably is older piedmont-slope allu v iu m (Qpo).
01-03-02-00-00—map u nit—Ql—Qu aternary Playa-lake S ediments— H olocene ephemeral-lake
sediments, brown silt, and clay deposits on floors of modern playa lakes in H u eco Bolson lie
u nconformably on basin-floor sediments in the northwest portion of the map area.
Ephemeral-lake sediments are approximately 1–3 m (3–10 ft) thick.
01-03-03-00-00—map u nit—Qbf— Qu aternary Basin-floor S ediments— T he La M esa
g eomorphic su rface is the basinal extension of the Jornada I piedmont-slope constru ctional
su rface (fig . 2). T his su rface is well dev eloped on the Camp R ice flu v ial facies in F illmore Pass,
along  the north edg e of the qu adrang le, and in the H u eco Bolson, ju st sou th of the F ort Bliss
M ilitary R eserv ation bou ndary. Larg e portions of the La M esa su rface in both F illmore Pass
and H u eco Bolson are cov ered by late Pleistocene and H olocene, brownish-red, silty basin-
floor and toeslope sediments (Qbf). Basin-floor silt and clay also cov er the floor of a larg e
depression east of the Artillery R ang e fau lt in H u eco Bolson. U ndissected basin-floor and
toeslope deposits are litholog ically similar to the minor toeslope facies of the Camp R ice
F ormation becau se both Qbf sediments and Camp R ice toeslope sediments were deposited in
the transition zone between central-basin floors and piedmont slopes. T he Qbf deposits
locally inclu de well-dev eloped soil profiles, which indicates that mu ch of the basin-floor and
toeslope sediments probably are correlativ e with older piedmont-slope allu v iu m (Qpo).
Basin-floor sediments are approximately 1–3 m (3–10 ft) thick.
01-04-00-00-00— heading 03—Camp R ice F ormation—Camp R ice F ormation— O v erlying  the
Paleozoic rocks with pronou nced ang u lar u nconformity is the Camp R ice F ormation (late
T ertiary (?) to early Qu aternary). Althou g h the Camp R ice was orig inally described by Strain
(1966) in west T exas, S eag er and others (1971) were the first to apply Camp R ice terminolog y
to the older Qu aternary and latest T ertiary riv er and piedmont-slope deposits adjacent to the
R io Grande v alley in sou th-central N ew M exico. T he Camp R ice F ormation is primarily a
Qu aternary u nit, bu t fossil ev idence and radiometric dating  of interbedded basalt indicate
that the basal cong lomerate of the formation, at some locations in the R io Grande v alley, is of
Pliocene ag e (John H awley, personal commu nication, 1979). T hree distinctiv e facies of the
Camp R ice F ormation are present in the Anthony qu adrang le: 1) a flu v ial facies composed of
channel sand and floodplain clay that intertong u es with, or is ov erlain by, 2) an eolian facies
consisting  of loamy sand that in tu rn intertong u es with, 3) a piedmont-slope facies composed
of allu v ial-fan g rav el and sand deriv ed from the F ranklin M ou ntains (fig . 2).

01-04-01-00-00—map u nit—Qcrf—Qu aternary F lu v ial F acies of the Camp R ice
F ormation— T he flu v ial facies crops ou t in arroyo cu ts approximately 0.8 km (0.5 mi) west of
the cu rrent western mou ntain front, and ou tcrops extend to the modern floodplain of the R io
Grande. T his flu v ial facies is also exposed in the H u eco Bolson along  the Artillery R ang e fau lt
scarp and is characterized by well-rou nded g rav el and g ray to bu f f sand, interbedded with
red, floodplain clay. T he g rav el inclu des abu ndant chert, qu artz, g ranite, and basalt pebbles
from distant u pstream sou rces as well as rou nded silicic v olcanics from nearby rang es like the
O rg an M ou ntains. T he fine- to coarse-g rained, locally crossbedded sand is fou nd in either
well-defined channels or discontinu ou s sheets. Stacked paleosols with reddish-brown,
slig htly leached, root-mottled clay horizons that g rade into lig hter-colored, carbonate-
enriched zones are common in the floodplain clay. T he only fossils fou nd so far in the flu v ial
facies in this area are silicified roots in the paleosols. O n the west side of the M esilla Valley,
fossil remains of mastodons, horses (M ammu thu s, Equ u s), and other v ertebrates of
lrv ing tonian ag e (H awley and others, 1969) are present in the flu v ial facies. Althou g h we
were not able to determine the exact thickness of the flu v ial u nit becau se the base is not
exposed in the Anthony qu adrang le, litholog ic log s from wells in or near the map area
prov ided some idea of the thickness of the u nit (table 1). T he flu v ial facies is approximately
235–271 m (770–890 ft) thick in F illmore Pass, more than 218 m (715 ft) thick in the M esilla
Valley near Berino, and more than 331 m (1,085 ft) thick in the H u eco Bolson, ju st east of the
Anthony qu adrang le. In the northernmost part of the map area and in the H u eco Bolson, v ery
little floodplain clay is fou nd in the flu v ial facies. Approximately 1.6 km (1.0 mi) west of the
northwest tip of the F ranklin M ou ntains, floodplain clay forms more than 50% of the exposed
flu v ial section. At approximately the same latitu de on the west side of the M esilla Valley,
between the v illag es of Chamberino and La M esa, a similar type of transition in the flu v ial
fades is observ ed (S.A. Kelley, u npu blished mapping  for the sou theast Las Cru ces 1° x 2°
sheet, 1979). Apparently, when the riv er flowed throu g h F illmore Gap (H awley, 1975), a larg e
amou nt of water flowed into the H u eco Bolson, while less water was transported into the
sou thern M esilla Bolson. Less water and the proximity of Lake Cabeza de Vaca (Strain, 1966;
H awley, 1975) led to the formation of a relativ ely stag nant, deltaic env ironment sou th and
sou thwest of F illmore Pass. T he deltaic env ironment was characterized by the dev elopment of
a meandering -riv er system (channel sand and g rav el and sand sheets) on a broad allu v ial flat
or floodplain (red clays with paleosols).
01-04-02-00-00—map u nit—Qcr—Qu aternary Eolian and Piemont T oeslope F acies of the
Camp R ice F ormation— T he eolian facies crops ou t in a 90–915-m (300–3,000 ft) wide strip,
0.5–0.8 km west of the western edg e of the mou ntain front. A few thin (0.1–1 m thick) layers of
piedmont toeslope facies composed of reddish-brown, clayey to silty deposits that represent
distal-fan and/or adjacent basin-floor sediments are lu mped with the eolian facies for
mapping  pu rposes. T he eolian facies inclu des reddish-brown, fine- to mediu m-g rained sand
and silt, and a minor amou nt of polished chert and qu artz g rav el. Both the eolian facies and
the minor, piedmont toeslope facies complexly intertong u e with the flu v ial and piedmont-
slope facies. T he only fossils in this facies are silicified roots (root casts) in the paleosols
dev eloped on the sand. T he eolian facies rang es from 0.3 m (1 ft) thick (sand string ers in the
floodplain deposits) to approximately 30 m (100 ft) thick (ancient du nes near Anthony Gap).
T he Camp R ice eolian du nes formed du ring  the Pleistocene in mu ch the same way that
coppice du nes east of the R io Grande floodplain are forming  today. T he prev ailing  westerly
wind, after picking  u p sand from riv er sediments in the v alley, deposited sand ag ainst allu v ial
fans forming  next to the F ranklin M ou ntains du ring  the Pleistocene. Eolian sand was
concentrated west of W ebb Gap and Anthony Gap, where chang es in wind direction and
v elocity cau sed deposition. Absence of the eolian facies west of a larg e, plu ng ing  syncline on
the sou thern edg e of the qu adrang le su g g ests that the ancestral R io Grande once flowed close
to this stru ctu re and eroded away the windblown sand.
01-04-03-00-00—map u nit—Qcru —Qu aternary U ndif ferentiated Piedmont T oeslope F acies of
the Camp R ice F ormation— T he piedmont-slope facies of the Camp R ice F ormation, present
on both the east and west flanks of the F ranklin M ou ntains, is div ided into two u nits; 1) a
basal, well-lithified, calciu m-carbonate-cemented, bou lder-to-pebble fang lomerate (Qcrc)
ov erlain by 2) a you ng er, less-consolidated, sandy and g rav elly, allu v ial-fan deposit (Qcrp).
Grav el in the piedmont-slope facies inclu des mostly chert, limestone, and dolomite pebbles
and bou lders deriv ed from the F ranklin M ou ntains. A well-dev eloped petrocalcic horizon
av erag ing  0.3–0.9 m (1–3 ft) thick is g enerally present ju st below the constru ctional su rface
(Jornada I su rface) of the Qcrp fan deposits. Becau se the contact between the u pper and lower
g rav els is often dif ficu lt to locate, particu larly in the H u eco Bolson, we mapped the piedmont-
slope facies as a sing le u nit (Qcru ). T he piedmont-slope facies is approximately 5–60 m
(16–200 ft) thick. In 1969, John H awley discov ered an ash bed 18 cm (7 in) thick in the u pper
piedmont-slope (Qcrp) facies in the El Paso N atu ral Gas pipeline cu t near Anthony Gap (SE¼
S W ¼  N E¼  sec. 28, T . 26 S., R . 4 E.). T he discontinu ou s bed of impu re, white, rhyolitic ash
occu rs in a layer of lig ht-brown sand containing  root casts. Analysis of the ash indicates that
its sou rce probably was the Long  Valley caldera near Bishop, California (H awley, 1975), which
implies an ag e of 0.7 m.y. for the u pper piedmont-slope facies (Qcrp) in this area. T he brown,
sandy zone probably is a tong u e of the eolian facies within the fan deposits (John H awley,
personal commu nication, 1979). K-Ar dates of 3–4 m.y. on basalts interbedded with the basal
piedmont-slope facies (Qcrc) fou nd elsewhere in the R io Grande v alley imply that, locally, the
basal part of the Camp R ice F ormation is of late Pliocene ag e. U nconformably resting  on the
Camp R ice F ormation are middle to late Qu aternary v alley-slope deposits associated with
entrenchment of the R io Grande on the west side of the mou ntains and continu ing
sedimentation in the H u eco Bolson on the east side. W e hav e adopted the same terminolog y
u sed by S eag er and H awley (1973) and S eag er and others (1975) in other portions of the R io
Grande v alley to describe u nits older than the Camp R ice in ou r area.
02-00-00-00-00 — heading 02 — Permian — Permian —

02-01-00-00-00—map u nit—Phm—Permian M iddle M ember of the H u eco F ormation— T he
H u eco Limestone conformably ov erlies the Panther S eep F ormation in the F ranklin
M ou ntains. As defined by recent workers, the H u eco contains only the Permian rocks in
R ichardson's (1904, 1908, 1909) H u eco F ormation. T he H u eco is div ided into three u nits
(H arbou r, 1972), bu t only the lower member and part of the middle member of the formation
are present in the map area. T his formation is characterized by limestone cliffs and ledg es
separated by talu s-cov ered slopes of siltstone and shale and crops ou t in low, U -shaped hills
formed by a plu ng ing  syncline west of the main rang e along  the sou thern edg e of the
qu adrang le. T he H u eco consists of fossiliferou s, cherty, g ray limestone and marly, yellowish-
g ray siltstone. Althou g h the litholog y is not markedly different abov e or below the siltstone
ou tcrops, the siltstone beds serv e as markers between the three members becau se these beds
are laterally continu ou s. Abu ndant brachiopods, crinoids, g astropods, corals, and fu su linids
in the formation indicate that the lower and middle members of the H u eco are of
W olfcampian ag e. T he lower u nit is 200 m (656 ft) thick, and approximately 213 m (699 ft) of
the middle member (H arbou r, 1972) is exposed in the Anthony qu adrang le.
02-02-00-00-00—map u nit—Phl—Permian Lower M ember of the H u eco F ormation— T he
H u eco Limestone conformably ov erlies the Panther S eep F ormation in the F ranklin
M ou ntains. As defined by recent workers, the H u eco contains only the Permian rocks in
R ichardson's (1904, 1908, 1909) H u eco F ormation. T he H u eco is div ided into three u nits
(H arbou r, 1972), bu t only the lower member and part of the middle member of the formation
are present in the map area. T his formation is characterized by limestone cliffs and ledg es
separated by talu s-cov ered slopes of siltstone and shale and crops ou t in low, U -shaped hills
formed by a plu ng ing  syncline west of the main rang e along  the sou thern edg e of the
qu adrang le. T he H u eco consists of fossiliferou s, cherty, g ray limestone and marly, yellowish-
g ray siltstone. Althou g h the litholog y is not markedly different abov e or below the siltstone
ou tcrops, the siltstone beds serv e as markers between the three members becau se these beds
are laterally continu ou s. Abu ndant brachiopods, crinoids, g astropods, corals, and fu su linids
in the formation indicate that the lower and middle members of the H u eco are of
W olfcampian ag e. T he lower u nit is 200 m (656 ft) thick, and approximately 213 m (699 ft) of
the middle member (H arbou r, 1972) is exposed in the Anthony qu adrang le.
03-00-00-00-00 — heading 02 — Pennsylv anian — Pennsylv anian —

03-01-00-00-00— heading 03— M ag dalena Grou p— M ag dalena Grou p— T he M ag dalena Grou p
(Pennsylv anian) conformably ov erlies the H elms. O rig inally, R ichardson (1904, 1908, 1909)
described the M ag dalena Grou p as part of the H u eco F ormation, which at that time inclu ded
all rocks between the S ilu rian and Cretaceou s. N elson (1940) restricted the term "M ag dalena
Grou p" to Pennsylv anian rocks in the F ranklin M ou ntains. H arbou r (1972) called the
M ag dalena a formation and div ided the formation into fou r members: the La T u na, Berino,
Bishop Cap, and u nnamed transitional members. Becau se many workers in N ew M exico and
T exas (Kelley and S ilv er, 1952; LeM one, 1976) consider the M ag dalena to be a g rou p, we hav e
assig ned formation statu s to H arbou r's fou r members. In order of decreasing  ag e, the
formations within the M ag dalena Grou p are: the La T u na, Berino, Bishop Cap, and Panther
S eep F ormations. H arbou r’s u nnamed transitional members seem to be correlativ e with the
Panther S eep F ormation defined by Kottlowski and others (1956) in the S an Andres
M ou ntains. T he M ag dalena Grou p forms the crest and western dip slope of the northern
F ranklin M ou ntains.
03-01-01-00-00—map u nit—IPps—Pennsylv anian Panther S eep F ormation or U pper M ember
of the M ag dalena Grou p—Conformably ov erlying  the Bishop Cap is the Panther S eep
F ormation, named by Kottlowski and others (1956) in the S an Andres M ou ntains. N elson
(1940) and H arbou r (1972) assig ned the u ppermost Pennsylv anian rocks in the qu adrang le to
an u pper, u nnamed transitional member of the M ag dalena F ormation; howev er, based on
litholog y and relativ e position in the section, these rocks appear to be correlativ e with the
Panther S eep F ormation in the O rg an and S an Andres M ou ntains (LeM one, 1976; H air, 1976,
1977). T he Panther S eep, which g enerally forms g entle, talu s-cov ered slopes, is well exposed
at qu arries in a plu ng ing  syncline in the sou thern portion of the map area. T his formation is
composed of silty, arg illaceou s limestones, 2–12-m (6.5–39 ft) thick g ypsu m beds, and silty
shale bu t lacks su f ficient fossils to be dated accu rately. F ossils in the S an Andres M ou ntains
su g g est a V irg ilian ag e for most of the formation, althou g h the chert-pebble cong lomerate
exposed at the base of the Panther S eep in V inton Canyon may be M issou rian (H arbou r,
1972), and the u ppermost beds may be W olfcampian (H air, 1977). H arbou r (1972) arbitrarily
placed the u pper contact of the Panther S eep halfway between the last occu rrence of
Pennsylv anian fau na and the first appearance of Permian fau na in the section. H air (1977)
redefined the u pper contact on the basis of a facies chang e from basinal sedimentation to shelf
sedimentation in this area. W e chose to u se the contact defined by H air (1977), becau se it is
easier to recog nize in the field.

03-01-02-00-00—map u nit—IPmbc—Pennsylv anian Bishop Cap F ormation of the M ag dalena
Grou p— T he Bishop Cap F ormation is exposed in a few small, talu s-cov ered rid g es along  the
west edg e of the mou ntain front. T his formation consists primarily of shale that weathers to a
pu f fy, yellow clay and contains a few mediu m-bedded, fossiliferou s, dark-g ray micrite layers.
Alg ae, g astropods, pelecypods, corals, brachiopods, and fu su linids within the formation
indicate that the Bishop Cap is of middle Desmoinesian ag e (H arbou r, 1972). A complete
section of the Bishop Cap is not exposed in the qu adrang le, bu t H arbou r (1972), u sing  the
base of a shale u nit as the basal contact of the Bishop Cap, measu red 194 m (636 ft) of the
formation at V inton Canyon. El F ou l (1976) measu red 180 m (590 ft) of Bishop Cap at the
same locality in V inton Canyon. El F ou l u sed the base of the massiv e limestone discu ssed by
Allou ani (1976) as the basal contact of the Bishop Cap
03-01-03-00-00—map u nit—IPmb—Pennsylv anian Berino F ormation of the M ag dalena
Grou p— T he Berino F ormation, which forms the yellowish-brown and g ray, ledg y ou tcrops
on the western dip slope of the F ranklin M ou ntains, is composed of beds of g ray limestone
(0.5–6 m; 1.6–19 ft thick) alternating  with layers of carbonaceou s, brown shale (0.5–8 m; 1.6–26
ft thick). Both litholog ies are present in approximately equ al proportions. T his formation is
partially equ iv alent to both the Atoka and Desmoines S eries of the M idcontinent (H arbou r,
1972; Allou ani, 1976). Dominant fossils in the Berino inclu de mollu sks, brachiopods, corals,
bryozoa, and fu su linids. T hickness of the Berino in the map area is approximately 160 m (530
ft); howev er, the contact between the Berino and the ov erlying  Bishop Cap F ormation is
arbitrary, so this thickness may be in error by ± 5 m (± 16 ft) compared to other sections of the
Berino measu red in the F ranklin M ou ntains. Allou ani (1976) measu red 154 m (505 ft) of
Berino F ormation at V inton Canyon. W e cou ld not positiv ely identify the massiv e limestone
u nit u sed by Allou ani to define the top of the Berino at V inton Canyon in ou r measu red
sections north of Anthony Gap, so we chose a distinctiv e, alg al limestone bed as the
approximate contact between the Berino and the Bishop Cap. Beds fou nd within 3 m (10 ft)
abov e and below this marker were su f ficiently different to su g g est an important chang e in
depositional env ironment. Specifically, strata abov e the alg al bed contain thicker shale u nits,
pseu domorphs of hematite after pyrite, and a fau na characterized by abu ndant alg ae,
g astropods, and pelecypods
03-01-04-00-00—map u nit—IPml—Pennsylv anian La T u na F ormation of the M ag dalena
Grou p— T he La T u na F ormation, which forms imposing , g ray-weathering , (100–130 ft) hig h
cliffs on the east side of the rang e, is a cherty, g ray, crystalline limestone that is massiv ely
bedded at its base. Becau se the nu mber of shale interbeds in the La T u na increases u pward in
the stratig raphic sequ ence, the top of the formation is more thinly bedded. T he La T u na is
equ iv alent to M orrowan rocks in the M idcontinent {H arbou r, 1972; Lane, 1974) and contains
abu ndant silicified corals, brachiopods, crinoids, mollu sks, bryozoans, and some petrified
wood. T he La T u na, which thins to the sou th, is approximately 107 m (350 ft) thick at the
north end of the rang e and 85 m (280 ft) thick sou th of Anthony Gap. Becau se the La T u na
g rades v ertically into the Berino F ormation, the contact between the two is somewhat
arbitrary. W e placed the contact at the base of the first major (3–5 m) shale break, which
corresponds to the basal Berino contact defined by Allou ani (1976) in V inton Canyon.
04-00-00-00-00 — heading 02 — M ississippian — M ississippian —

04-01-00-00-00—map u nit— M h— M ississippian H elms F ormation— T he u pper member of the
R ancheria g rades into the ov erlying  H elms F ormation. T he H elms, named by Beede (1920)
and more clearly defined by Lau don and Bowsher (1949), forms g reenish-g ray slopes below
the Pennsylv anian limestone cliffs along  most of the east flank of the F ranklin M ou ntains.
T his formation is composed of calcareou s, g ray shale, fossiliferou s, oliv e-g reen micrite, and
some oolitic, oliv e-g reen micrite. A 6 m thick red qu artzite lens containing  a Lepidodendron
impression (H arbou r, 1972) crops ou t at the top or the H elms, sou th of N orth Anthony's N ose.
F ossils fou nd in the H elms F ormation (Chesterian) inclu de brachiopods, g astropods,
ostracods, crinoids, and bryozoa. T he H elms is approximately 30 m (100 ft) thick in the
Anthony qu adrang le.
04-02-00-00-00—map u nit— M r— M ississippian R ancheria F ormation— T he R ancheria
F ormation, also named by Lau don and Bowsher (1949), apparently lies conformably on the
Las Cru ces. T he R ancheria crops ou t in orang e-brown to lig ht-g ray slopes with few cliffs or
ledg es along  the east face of the rang e. T his formation is div ided into three u nnamed
members: a lower member composed of cherty, black micrite with some siltstone and shale; a
middle member characterized by chert-free black micrite that weathers to a lig ht-g ray band;
and an u pper member composed of cherty, sandy, black micrite. T he lower member inclu des a
3 m (10 ft) thick basal bed of crossbedded, crinoidal limestone. T he R ancheria, which was
assig ned a M eramecian ag e by Lau don and Bowsher (1949), contains abu ndant crinoid debris,
bryozoa, brachiopods, and g astropods. T he crinoidal bed near the base of the R ancheria at
V inton Canyon yields a few conodonts that also indicate a M eramecian ag e (Lane, 1974). T he
lower, middle, and u pper members of the R ancheria are 45, 11, and 61 m (150, 35, and 200 ft)
thick, respectiv ely.
04-03-00-00-00—map u nit— M lc— M ississippian Las Cru ces F ormation— T he Las Cru ces
Limestone (M ississippian), named by Lau don and Bowsher (1949) for exposu res in V inton
Canyon, 3.5 km (2.1 mi) sou th of the N ew M exico-T exas state line, u nconformably ov erlies
Dev onian rocks. T he Las Cru ces forms distinctiv e, lig ht-g ray, ev enly bedded (0.3–0.6-m-thick
beds), ledg y cliffs along  the east side of the F ranklin M ou ntains. In g eneral, the Las Cru ces is
a dense, brittle, primarily chert-free micrite. Small chert lenses and thin (0.5–1.0 cm),
biotu rbated, sandy layers are interbedded with limestone in the u pper 4 m (13 ft) of the
section, north of W ebb Gap. Small chert lenses are more common throu g hou t the Las Cru ces
section, sou th of W ebb Gap. Althou g h the Las Cru ces contains v ery few fossils, Lau don and
Bowsher (1949) considered the formation to be of M eramecian ag e on the basis of a few
ostracod v alv es and litholog ic resemblance to the ov erlying  R ancheria F ormation. Conodonts
fou nd in the Las Cru ces at V inton Canyon indicate that the formation is of late O sag e lo early
M eramecian ag e (Lane, 1974). T he Las Cru ces is approximately 27 m (90 ft) thick throu g hou t
the area.
05-00-00-00-00 — heading 02 — Dev onian — Dev onian —

05-01-00-00-00—map u nit—Dp—Dev onian Percha S hale—Conformably ov erlying  the
Canu tillo F ormation is the Percha S hale, a fissile, black shale, disting u ished mainly by its
stratig raphic position between thick limestone or dolomite u nits. T his shale was correlated by
Lau don and Bowsher (1949) with the Percha S hale of sou thwest N ew M exico. Like the
Canu tillo, the Percha forms a talu s-cov ered slope on the east face of the northern F ranklin
M ou ntains. T he Percha pinches ou t ju st north of N orth Anthony's N ose and appears to be
absent between N orth Anthony's N ose and Anthony Gap. A relativ ely thin (12–15 m; 39–49 ft)
Percha section crops ou t in the mou ntains sou th of Anthony Gap. T he exact ag e and
correlation of the Percha in this area are u ncertain, becau se no fossils hav e been fou nd in this
shale. T he av erag e thickness of the Percha in the F ranklin M ou ntains north of N orth
Anthony's N ose is approximately 18–21 m (60–70 ft).
05-02-00-00-00—map u nit—Dc—Dev onian Canu tillo F ormation— T he Canu tillo F ormation
ov erlies the F u sselman with slig ht ang u lar discordance cau sed by minor erosion following
tilting  of the F u sselman and older rocks. N elson (1940) inclu ded all Dev onian rocks in the
F ranklin M ou ntains in the Canu tillo F ormation; howev er, Lau don and Bowsher (1949) later
realized that the u pper part of N elson's Canu tillo F ormation is actu ally correlativ e with the
Percha S hale farther north. As a resu lt, the name "Canu tillo F ormation" is applied to only the
lower portion of N elson's Canu tillo F ormation. T he Canu tillo crops ou t in talu s-cov ered
slopes along  the eastern escarpment of the rang e, except at the north end of the F ranklin
M ou ntains. T he lower two-thirds of the formation is primarily lenses of chert and marl; the
u pper third consists of interbedded , dark-g ray shale and siltstone. Becau se the Canu tillo is
composed of incompetent strata, small, local, disharmonic folds are common within the
formation. T he only sig nificant fossils fou nd in the Canu tillo F ormation (late M iddle
Dev onian) are brachiopods and conodonts (H arbou r, 1972). T his formation thins northward
from at least 30 m (97 ft) at N orth Anthony 's N ose (H arbou r, 1972) to approximately 15 m (49
ft) near W ebb Gap.
06-00-00-00-00 — heading 02 — S ilu rian — S ilu rian —

06-01-00-00-00—map u nit— S f— S ilu rian F u sselman Dolomite— T he F u sselman Dolomite
(S ilu rian), which was defined by R ichardson (1908), disconformably ov erlies the M ontoya
Dolomite. R u g g ed, complexly jointed, lig ht-g ray cliffs formed by the F u sselman crop ou t
along  the entire east side of the northern F ranklin M ou ntains, except at the extreme northern
end. T he F u sselman is a pu re, thick-bedded, lig ht-g ray dolomite with minor amou nts of chert
and limestone. R ichardson (1909) and Pray (1958) both assig ned a M iddle S ilu rian ag e to the
F u sselman on the basis of brachiopods, corals, and g astropods fou nd within the formation.
Erosion prior to the M iddle Dev onian cau sed the formation to thin from 185 m (607 ft) in the
sou thern part of the area to 150 m (492 ft) at the north end of the F ranklin M ou ntains
(H arbou r, 1972). S ilicified zones containing  barite, flu orite, and limonite mineralization are
common in the F u sselman near its u nconformable u pper contact with the Canu tillo
F ormation. M ineralizing  flu ids probably mig rated u pward throu g h extensiv e fractu res in the
F u sselman and spread laterally along  the u nconformity u pon encou ntering  the impermeable
Canu tillo F ormation au d Percha S hale.
07-00-00-00-00 — heading 02 — O rdov ician — O rdov ician —

07-01-00-00-00—map u nit— O m— O rdiv ician M ontoya Dolomite— T he El Paso Limestone
u nconformably u nderlies the M ontoya Dolomite, which was dif ferentiated from the El Paso
by R ichardson (1908). Althou g h many workers in sou thern N ew M exico (Kelley and S ilv er,
1952; Pray, 1958; Kottlowski, 1975) div ide the M ontoya into the U pham, Aleman, and Cu tter
F ormations, H arbou r (1972) considers the U pham, Aleman, and Cu tter to be members within
the M ontoya Dolomite. F or mapping  pu rposes, we hav e chosen to follow H arbou r's definition
of the M ontoya Dolomite. A fou rth member of the M ontoya, the Cable Canyon S andstone
M ember, is absent in the F ranklin M ou ntains, bu t is present at the base of the formation in the
mou ntains farther north. T he M ontoya weathers to a g ray to lig ht-g ray, ledg y slope along  the
east front of the northern F ranklin M ou ntains. T he lowermost u nit of the M ontoya, the
U pham Dolomite M ember, is a mediu m-g rained, g ray dolomite that weathers g ray to dark
g ray. Abov e the U pham is the Aleman Dolomite M ember, a fine-g rained, dark-g ray dolomite
with conspicu ou s, abu ndant lenses and nodu les of mediu m- to lig ht-g ray chert. O v erlying  the
Aleman is the Cu tter Dolomite M ember, a fine-g rained, dark-g ray dolomite that weathers to
lig ht g ray. T he U pham M ember (M iddle O rdov ician) and the Aleman and Cu tter M embers
(U pper O rdov ician) (Kottlowski and others, 1956: H owe, 1959) contain a few brachiopods,
corals, and g astropods and abu ndant, dolomitized fossil debris. T hickness of the M ontoya
rang es from 116 m (380 ft), at a point 4.8 km (3 .0 mi) sou th of the N ew M exico-T exas state
line (H arbou r, 1972), to 130 m (426 ft) at Bishop Cap (Kramer, 1970). T he U pham, Aleman,
and Cu tter M embers of the M ontoya are 27 m (89 ft), 44 m (144 ft), and 52 m (170 ft) thick,
respectiv ely (H arbou r, 1972); total thickness of the M ontoya Dolomite in this area is 123 m
(403 ft).
07-02-00-00-00—map u nit— O e— O rdiv ician El Paso Limestone— T he El Paso Limestone
(Lower O rdov ician) is the oldest rock u nit exposed in the northern F ranklin M ou ntains. T his
formation, orig inally named by R ichardson (1904) from exposu res in the F ranklin and H u eco
M ou ntains, has been div ided into three u nnamed members by H arbou r (1972). O nly a portion
of H arbou r's u pper dolomite and sandy limestone member is fou nd in the Anthony
qu adrang le in a poorly-exposed ou tcrop ju st east of N orth Anthony's N ose. T he ou tcrop
consists of approximately 30 m (98 ft) of g ray, cherty dolomite that weathers to lig ht tan. T he
most common fossils in the El Paso Limestone (Lower O rdov ician) are snails, brachiopods,
trilobites, and conodonts (H arbou r, 1972). Becau se the El Paso thins northward du e to post-
depositional, pre-M ontoya erosion (H arbou r, 1972), the ou tcrop exposed in the Anthony
qu adrang le is far below the depositional top of the El Paso section. T he El Paso is
approximately 369 m (1,210 ft) thick farther sou th in the F ranklin M ou ntains (H arbou r, 1972).

Correla tion of Ma p Units

Geolog ic Cross Section A–A'

Geolog ic Cross Section B–B' Geolog ic Cross Section C–C'

01.01.02 Contact—Identity or existence are qu estionable. Location is accu rate.

02.11.16 N ormal fau lt (in cross section)—Arrows show relativ e motion.

01.01.01 Contact—Identity and existence are certain. Location is accu rate.

02.11.16 N ormal fau lt (in cross section)—Arrows show relativ e motion.

02.11.17 T hru st fau lt or rev erse fau lt (in cross section)—Arrows show relativ e motion.

31.08 M ap neatline

Explanation of M ap Symbols
01.01.01 Contact—Identity and existence are certain. Location is accu rate.

01.01.03 Contact—Identity and existence are certain. Location is approximate.

01.01.04 Contact—Identity or existence are qu estionable. Location is approximate.

01.01.15 Internal contact—Identity and existence are certain. Location is concealed.

01.02.01 Key bed—Identity and existence are certain. Location is accu rate.

02.01.01 F au lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or u nspecified orientation or sense of
slip)—Identity and existence are certain. Location is accu rate.
02.01.03 F au lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or u nspecified orientation or sense of
slip)—Identity and existence are certain. Location is approximate.
02.01.07 F au lt (g eneric; v ertical, su bv ertical, or hig h-ang le; or u nknown or u nspecified orientation or sense of
slip)—Identity and existence are certain. Location is concealed.
02.02.01 N ormal fau lt—Identity and existence are certain. Location is accu rate. Ball and bar on downthrown
block.
02.02.03 N ormal fau lt—Identity and existence are certain. Location is approximate. Ball and bar on downthrown
block.
02.02.07 N ormal fau lt—Identity and existence are certain. Location is concealed. Ball and bar on downthrown
block.

02.14.04 F au lt-breccia zone or zone of broken rock arou nd fau lt

19.01.23 M etamorphoc facies bou ndary— S howing  approximate bou ndary between diag nostic mineral
assemblag es

31.08 M ap

05.01.01 Anticline (1st option)—Identity and existence are certain. Location is accu rate.

05.01.07 Anticline (1st option)—Identity and existence are certain. Location is concealed.

05.05.01 Syncline (1st option)—Identity and existence are certain. Location is accu rate.

05.09.01 M onocline (1st option)—Identity and existence are certain. Location is accu rate. Arrow shows direction
of dip.
05.09.07 M onocline (1st option)—Identity and existence are certain. Location is concealed. Arrow shows
direction of dip.

01.04.12 Key bed— S howing  name.

26.01.01 W ater well, type

02.11.09 Inclined fau lt (2nd option)— S howing  dip v alu e and direction.

05.10.05 Plu ng ing  anticline—Larg e arrowhead shows direction of plu ng e.

06.01 H orizontal

06.02 Inclined bedding — S howing  strike and dip.


