





Igneous breccia in the West Timbered Hills, Arbuckle Mountains

Figure 9. (A) Photomicrograph of sideromelane pyroclast altered to
brown palagonite (center of view). Note vesicles present in pyroclast. A
rhyolite clast is visible in upper left (margin is outlined). Plane-polarized
light; field of view ~2 mm across. (B) Photomicrograph of poorly ve-
sicular sideromelane pyroclast altered to brown palagonite. Pyroclast is
intermixed with rhyolitic debris. Plane-polarized light; field of view ~2.5
mm across.

Timbered Hills (Fig. 13B). However, the two
clasts plot together with many of the felsic
rocks in the East Timbered Hills in the dia-
grams of Eby (1990, 1992) shown in Figure
14, indicating a similar involvement of older
crust in their petrogenesis.

Price et al. (1998) analyzed six felsic
lava samples within the Carlton Rhyolite in
contact with the breccia and exposed in the
quarry walls, and these samples are also plot-
ted in Figures 10, 11A, 11B, and 12. Five of
the samples are rhyolites and were collected
at depths between 5 and 10 m below the un-
conformity with the Reagan Sandstone. Ex-
cept in the case of TiO,, one of these samples
consistently plots separately from the rest
of the data in the Harker diagrams in Figure
10, having unusually high Al,O,, FeO, and
K,0O and unusually low MgO, CaO, Na,O,
and P,0;. These differences indicate that this
sample records more extreme alteration than
the other samples. The remaining four sam-
ples tend to plot in an intermediate position
between our rhyolite and microgranite clast
samples and the East Timbered Hills felsic
rocks in Figure 10. Addition of secondary
carbonate probably explains the unusual-
ly high CaO content in two of the samples
analyzed by Price et al. (1998) and shown
in Figure 10. The sixth sample collected by
those workers came from >30 m beneath
the unconformity and has a broadly dacitic
major-element composition, as seen in the
Harker diagrams, with a lower silica con-
tent (63.49 wt %) than any of the other sam-
ples. In Figure 11A, this sample falls on the
boundary between dacite/rhyodacite and tra-
chyandesite fields. Immobile trace-element
contents for the sample, however, are gener-
ally similar to those shown by the other felsic
samples from the quarry (Figs. 11B and 12)
and in some cases are nearly identical to the
microgranite and rhyolite clasts in the brec-
cia. In fact, all the analyzed felsic rocks from
the quarry tend to fall near or overlap with
Group 1 samples from the East Timbered
Hills in the bivariate trace-element plots in
Figure 12, implying that all these units have
similar petrogenetic histories.
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Figure 10. Harker variation diagrams for major elements in felsic samples from quarry; data from East Timbered
Hills (Eschberger et al., this guidebook) are also shown for comparison. Strongly altered rhyolite sample analyzed by
Price et al. (1998) is arrowed in CaO and K,O diagrams.
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Diabase

Our two analyses for the large diabase intrusion ex-
posed in the quarry wall and for a representative diabase
clast in the breccia are plotted in Harker diagrams in Figure
15 with data for three other diabase samples from the quar-
ry analyzed by Price et al. (1998). For comparison purpos-
es, we also show our data for diabase intrusions in the East
Timbered Hills (Eschberger et al., this guidebook) and the
general fields for diabase intrusions and the Roosevelt gab-
bros in the Wichita Mountains. It should be noted, howev-
er, that the Roosevelt gabbros in some cases exhibit cumu-
late textures as well as other evidence of internal fractional
crystallization (Powell et al., 1980; Powell, 1986; Diez de
Medina, 1988). Hence, samples of the gabbros probably do
not in general represent liquid compositions.

Our sample of the large diabase intrusion in the quarry
has the highest silica value (54.17 wt %) of any of the quar-
ry diabases, in keeping with its relatively leucocratic nature,
and has one of the highest silica values of the entire data
set shown in Figure 15, being exceeded only by one Roos-
evelt Gabbro sample. At a given silica content, the diabase
samples from the quarry have higher TiO,, FeO, and P,O;
and lower MgO than the diabases from the East Timbered
Hills. Based on the limited data available, it appears that
these two suites of diabases evolved along different fraction-
ation trends. The two suites also show some differences in
Ca0, Na,0O, and K,O contents, but given the altered nature
of the rocks, these differences could at least partly reflect
secondary disturbance of the original igneous values. The
latter possibility is consistent with the considerable scatter in
the Harker diagrams for CaO, Na,O, and K,O in the samples
analyzed by Price et al. (1998). Also, as noted by Eschberger
et al. (this guidebook), petrographic evidence indicates that
both CaO and K,O have been affected by alteration in the
diabases from the East Timbered Hills.

Complete trace-element and REE analyses are not avail-
able for the quarry diabase samples analyzed by Price et al.
(1998), but the diabase intrusion and clast we analyzed show
nearly identical patterns on the multi-element and REE plots
in Figures 16A and 16B, indicating that the two samples
represent magmas derived from the same source or reser-
voir. The only significant differences in these two patterns
are the more pronounced negative Eu and Sr anomalies in
the diabase intrusion sample, consistent with other evidence
that this sample represents a more evolved composition than
the diabase clast. The diabase intrusion and clast also plot
very close together on the trace-element discrimination di-
agrams using immobile elements in Figures 16C, 16D, and
17, as does one of the diabase samples analyzed by Price et

al. (1998). These three samples consistently fall in fields for
within-plate tholeiitic basalts in the discrimination diagrams.
In contrast, the other two diabase samples analyzed by Price
et al. (1998) and the East Timbered Hills diabases fall in
fields for transitional or alkaline basalts.

DISCUSSION

We interpret the breccia exposed in the quarry to con-
sist of pyroclastic debris formed by explosive volcanic pro-
cesses. As suggested by Price et al. (1998), a major driving
force for the explosions was violent subsurface interaction
between mafic magma and groundwater. We infer that the
variably vesicular sideromelane and tachylite fragments
present in the breccia matrix are juvenile pyroclasts. The
shapes of these pyroclasts are only partly controlled by bro-
ken bubble walls and record explosive phreatomagmatic
behavior resulting from release of dissolved magmatic gas-
es combined with rapid heating of external water to steam
(e.g., Wohletz, 1983; Heiken and Wohletz, 1985; Ross and
White, 2012). In some pyroclasts, elongate vesicles are
truncated by planar clast margins (Fig. 8D) and record dis-
ruption of magma that was actively vesiculating as it was
ascending in the conduit before being ripped apart by steam
explosions.

Sideromelane glass is common in basaltic phreatomag-
matic deposits and indicates rapid quenching of magma in
contact with external water so that even tiny crystallites
do not have time to form (Fisher and Schmincke, 1984).
Tachylite is produced when less-rapid chilling of the mag-
ma allows time for crystallites of Fe-Ti oxide or pyroxene
to develop, causing the turgid appearance of this kind of
glass (Cas and Wright, 1987; McPhie et al., 1993). Many
basaltic phreatomagmatic deposits described in the liter-
ature show mixtures of sideromelane and tachylite pyro-
clasts that record heterogeneous cooling rates in magma
undergoing phreatomagmatic eruptions and/or recycling
of pyroclasts with different cooling histories back into the
conduit during repeated explosive activity (e.g., Hough-
ton and Smith, 1993; Hanson and Elliot, 1996). A similar
interpretation can be applied to the breccia in the Hanson
Quarry.

The coarse size of many of the fragments in the breccia
and the general lack of well-defined bedding are consistent
with the interpretation that the breccia represents material
filling the vent and/or underlying diatreme feeder conduit
of a phreatomagmatic volcano (Fig. 18). The abundance
of rhyolite and microgranite clasts suggests that explosive
subsurface eruptions brecciated large amounts of country
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Figure 11. Felsic samples from quarry plotted on standard discrimination diagrams; data from East Timbered Hills
(Eschberger et al., this guidebook) are also shown for comparison. (A) Zr/TiO, versus Nb/Y diagram of Winchester and
Floyd (1977). (B) Nb versus Y diagram of Pearce et al. (1984). (C) Zr versus 10*Ga/Al diagram of Whalen et al. (1987).

rock, producing a type of phreatomagmatic volcano known
as a maar, in which the crater cuts downward into bedrock,
in some cases for considerable distances (Lorenz, 1986;
White and Ross, 2011). Crude layering visible in the breccia
in some of the quarry walls may represent proximal depos-
its of the ejecta rim to the crater which slumped downward
into the growing vent (Fig. 18), as is commonly observed
in maar-diatreme systems (White and Ross, 2011). Better
constraints on the overall geometry and field relations of
the breccia are needed before these interpretations can be
rigorously tested.

202

We envision that events leading up to explosive gen-
eration of the breccia began when mafic magma intruded
a sequence of extrusive rhyolite and related hypabyssal
felsic rocks. Some initial batches of mafic magma must
have formed intrusions large enough to undergo internal
differentiation as shown by felsic segregations and igneous
layering in some diabase clasts within the breccia. At some
stage, the magma encountered groundwater-rich zones in
the subsurface, leading to violent explosions. Fragmenta-
tion of the rhyolite and microgranite country rocks and ear-
ly-formed diabase intrusions to form the abundant coarse
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Figure 12. Bivariate trace-element plots for felsic samples from quarry; data from East Timbered Hills (Eschberger
et al., this guidebook) are also shown for comparison, along with three distinct geochemical groups defined by that
data. (A) Plot of Nb versus Y. (B) Plot of Th versus Nb. (C) Plot of Zr versus Nb.

lithic clasts in the breccia may have initially occurred sole-
ly by explosive steam generation from heated groundwater
(e.g., Wohletz and Sheridan, 1983; White and Ross, 2011).
However, the characteristics of the juvenile basaltic ash and
lapilli in the breccia matrix indicate that the eruptive activ-
ity progressed to a stage where vesiculating basalt magma
was being ripped apart by a combination of explosive re-
lease of dissolved magmatic volatiles and steam explosions
from groundwater mixing with the fragmenting magma.
Subrounded clasts within the breccia may have formed
by abrasion within the diatreme during repeated explosive
events. As noted previously, our analyses of a diabase clast
within the breccia and of a large diabase intrusion that post-
dates breccia formation reveal markedly similar contents
of trace elements resistant to secondary alteration. Another

diabase intrusion sample analyzed by Price et al. (1998) is
also geochemically similar to our samples. The fact that
diabases with closely similar compositions were present
both prior to the explosive activity that created the breccia
and during subsequent non-explosive intrusion of diabase
is consistent with the interpretation that mafic magma was
the driving force for the explosions.

If our interpretation is correct, the igneous breccia and
associated diabase intrusions exposed in the area of the
quarry represent the only example of the vent and feed-
er system for a basaltic phreatomagmatic volcano so far
documented within the Southern Oklahoma Aulacogen. As
suggested by Price et al. (1998), explosive basaltic erup-
tive activity in this part of the aulacogen may have been
favored by proximity to the rift-bounding Washita Valley
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Fault Zone, which allowed rising basalt magma to gain
ready access to large volumes of groundwater. Recent
work by Puckett et al. (this guidebook) shows that basaltic
phreatomagmatic pyroclastic deposits are interbedded with
rhyolite and basalt lavas near the subsurface extension of
the Washita Valley Fault northwest of the Arbuckle out-
crops. Ham et al. (1964) described similar deposits in one
well that penetrated the Navajoe Mountain Basalt-Spilite
Group farther northwest in the aulacogen. The results of
these different studies suggest that explosive basaltic phre-
atomagmatic eruptions may have played an important role
in the volcanic evolution of some parts of the aulacogen.
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Igneous breccia in the West Timbered Hills, Arbuckle Mountains

Figure 18. Model for formation of igneous breccia as the fill of a diatreme
feeder to a maar volcano cutting into Carlton Rhyolite and microgranite
and diabase intrusions. Modified from Befus et al. (2009).
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