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and volcaniclastic rocks as a thick section
of the Espinaso Formation. In the Yates #2
La Mesa well this sequence is 625 m (2,051
ft) thick, which is much thicker than is seen
anywhere in outcrop for the Espinaso For-
mation (cf. Sun and Baldwin 1958; Stearns
1953a). Distinguishing between the
Cieneguilla basanite and Espinaso Forma-
tion within the well leads to stratigraphic
thicknesses (318 m [1,043 ft] of Cieneguilla
mafic lavas and 307 m [1,007 ft] of Espina-
so Formation) that are comparable to what
appears in outcrops.

We correlate unit #4, previously inter-
preted as the Eocene “La Mesa limestone”
lake deposit (Biehler et al. 1991; Grant
1999), to the Pennsylvanian Madera Group
and possibly unidentified Mississippian
strata (Fig. 6). The presence of Paleozoic
marine fossils precludes the presence of an
Eocene lacustrine deposit. The possibility
that the fossiliferous cuttings are only frag-
ments of Paleozoic clasts within Eocene
clastic sediment seems unlikely to us,
because although polylithic fragments of
cemented grains are present in the cuttings
there are no observed instances where
limestone grains are cemented to other
grains. This implies that the limestone cut-
tings derive from drilling through lime-
stone rather than clastic strata containing
limestone clasts. The rock types in the cut-
tings correspond to the interbedded Paleo-
zoic limestone and clastic sedimentary
rocks seen elsewhere along the margins of
and below the Española Basin. Cather
(1992) suggested that the limestones were
interbedded with volcanic rocks, but we
interpret the presence of both limestone
and volcanic rock cuttings to represent
mixing of cavings from different well inter-
vals. 

A comparison of geophysical logs in the
Yates #2 La Mesa well to the Shell Santa Fe
Pacific #1 well (drilled near Rio Rancho,
New Mexico) further supports correlation
of unit #4 to the Pennsylvanian section
(Fig. 8). It is not realistic to make specific
bed-by-bed correlations between the two
wells because of dramatic lateral facies
variations in Pennsylvanian strata (e.g.,

deposits alternating with intervals of lava
(Fig. 7). The interfingering of lava flows
and sedimentary beds implies that rift-
basin subsidence coincided with basalt
eruption. This interpretation is consistent
with local accumulation of more than 400
m (1,300 ft) of Tesuque Formation below
likely correlative basalt near Santa Fe
(Smith 2004). 

The driller’s logs mention periods of
slower drilling rates while penetrating
zones of the basalt flows that coincide with
thin intervals of green clays. These clays
are not present in the cuttings archived at
the New Mexico Bureau of Geology and
Mineral Resources, but these intervals
coincide with spikes in the gamma-ray log
indicating high thorium content and may
coincide with layers of altered tuff. Stearns
(1953a) described green tuffaceous clay in
outcrop near La Cienega that may correlate
to the clay layers in the well.

The intermediate-composition volcanic
interval composing unit #3 resembles the
latitic Espinaso Formation (Erskine and
Smith 1993). The diverse mineral contents
and textures of unit #3 cuttings support a
correlation to the Espinaso latitic lava
flows and sedimentary deposits, which are
exposed as close to the well as La Cienega
(Stearns 1953a,b; Sun and Baldwin 1958;
Grant 1999).

The contact between the Cieneguilla
basanite and Espinaso Formation was not
identified by previous workers or in the
driller’s log, so these two formations were
previously considered as one lithostrati-
graphic unit. The gamma-ray log abruptly
shifts to higher gamma values at 1,528 m
(5,013 ft) below the surface (Fig. 7). We
interpret this shift as the contact between
the two different volcanic intervals. Table 2
shows that an average sample of the
Cieneguilla mafic lavas has 0.86 wt% K2O,
whereas the Espinaso Formation averages
3.97 wt% K2O (Sun and Baldwin 1958;
Erskine and Smith 1993). This contrast in
K2O contents explains the gamma-ray log
response. 

Biehler et al. (1991) and Grant (1999)
interpreted the entire sequence of volcanic

FIGURE 6—Interpreted stratigraphy of the
Yates #2 La Mesa well. The compositional units
interpreted in Figure 3 are correlated to previ-
ously identified lithostratigraphic units that are
present in outcrop near the location of the Yates
#2 La Mesa well.

FIGURE 7—Gamma-ray log typical of the vol-
canic interval of the well. We interpret the shift
in the log curve at 1,528 m (5,013 ft) to represent
the contact between Cieneguilla mafic lavas and
more potassic, latitic volcaniclastic detritus of
the Espinaso Formation. Variable log response
within the mafic lava interval reveals the pres-
ence of sedimentary interbeds and radiogenic
horizons that may represent altered tuff.

TABLE 2—Compositional comparison of Espinaso Formation and
Cieneguilla basanite.

Espinaso Formation Cieneguilla basanite
alkaline calc-alkaline basanite

latite1 latite1 basalt2 (limburgite)2

wt % wt % wt % wt %

SiO2 54.42 ± 5.24 59.25 ± 2.74 45.81 40.18
Al2O3 16.89 ± 1.65 17.13 ± 0.85 14.08 11.7
FeO 7.12 ± 2.52 5.83 ± 1.32 7.41 6.68
MgO 2.54 ± 1.23 1.95 ± 0.58 8.79 14.3
CaO 6.48 ± 2.05 5.57 ± 0.64 9.45 13.28
Na2O 3.8 ± 0.73 3.97 ± 0.46 2.49 3.48
K2O 3.97 ± 0.77 2.65 ± 0.64 0.86 0.76
TiO2 1.41 ± 1.09 0.73 ± 0.18 1.63 2.66
P2O5 0.42 ± 0.26 0.25 ± 0.06 0.28 0.68
MnO 0.18 ± 0.03 0.15 ± 0.03 0.19 0.08
1Data from Erskine and Smith 1993
2Data from Sun and Baldwin 1958
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Baltz and Myers 1999), and the section is
much thinner in the Shell Santa Fe Pacific
#1. However, the geophysical expression of
the Pennsylvanian section in these two
wells is very similar. The lower half of this
section in each well is characterized by an
upward increase in resistivity to values
greater than 500 ohm-m, which shows the
upward transition from the clastic sedi-
ments of the Sandia Formation into the
limestone-rich lower part of the Madera
Group. The upper half of the section in
each well also shows variability in both the
gamma and resistivity signals that reflects

Conclusions
If the southern Española Basin was also a
Laramide basin, there would be Eocene
deposits present in the Yates #2 La Mesa
well, but there are none present (Fig. 6).
The well bottoms in Precambrian granite
and is overlain by a Paleozoic sedimentary
succession previously correlated to the
Eocene Galisteo Formation. The presence
of Paleozoic strata in the well also implies
earlier misidentification of seismic reflec-
tors, which led to the previous exclusion of
Paleozoic rocks from the well. The absence

the interbedding of limestone, shale, and
sandstone in the upper part of the Madera
Group. The Shell Santa Fe Pacific #1 well
shows more limestone than the Yates #2 La
Mesa well, which is expected because the
Shell well is more distant from contempo-
raneous clastic sediment sources. 

The Yates #2 La Mesa well bottoms in
Precambrian basement rock (unit #5), pres-
ent below 2,297 m (7,536 ft). Rock frag-
ments with large interlocking grains typi-
cal of plutonic rocks dominate the exam-
ined thin section.

FIGURE 8—Comparison of gamma-ray and resistivity logs for the
Yates La Mesa #2 and the Shell Santa Fe Pacific #1 wells. The ver-
tical scales are adjusted for comparison purposes and are different

between the wells because the Pennsylvanian section in the Shell
Santa Fe Pacific #1 well is much thinner. 

FIGURE 9—Tectonic history of the southern Española Basin.
Laramide shortening formed the Pajarito uplift. During
Oligocene–Miocene extension, stresses reversed the throw on

reverse faults to invert the Pajarito uplift to form the Española
Basin (after Cather 1992).
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of Eocene Galisteo Formation supports the
Pajarito uplift interpretation of Cather
(1992) and subsequent inversion of the
uplift to form the Española Basin, as
schematically illustrated in Figure 9.

Two volcanic and volcaniclastic forma-
tions are present in the well rather than
just one, as previously reported. Strati-
graphically above the Paleozoic strata is
the Oligocene Espinaso Formation over-
lain by mafic lava flows interbedded with
arkosic sedimentary rocks that represent
the earliest rift-basin fill.
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