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Abstract
The Southern Oklahoma Aulacogen (SOA) records extensive

the opening of the southern Iapetus Ocean. This study
presents new petrographic and geochemical data for selected
Carlton Rhyolite flows, late diabase intrusions, and small
gabbros from the Wichita Mountains that were previously
unanalyzed or lacked complete trace element data.

Rhyolites are characterized by quartz and feldspar
phenocrysts 1n a felsitic to spherulitic groundmass, with
varying degrees of devitrification, sericitization, and alkali
metasomatism. Diabases and gabbros display ophitic to
subophitic textures defined by plagioclase and clinopyroxene,
with olivine completely replaced by bowlingite in the

gabbros.

Rhyolite samples show strong LREE enrichment, pronounced
negative Eu anomalies, and elevated high-field-strength
elements, consistent with A-type felsic magmatism. A rhyolite
dike at the base of the thickest Carlton Rhyolite flow displays
geochemical similarity to the overlying flow, identifying it as
the only known feeder dike within the SOA. Diabase samples
show moderate LREE enrichment, no significant Eu anomaly,
and E-MORB-type patterns consistent with an enriched
mantle source. Two diabase samples with elevated REE
concentrations suggest at least two distinct mafic magma

sources within the rift system.

Background

The Wichita Mountains are part of the Southern Oklahoma Aulacogen
(SOA), a late Ediacaran to Cambrian rift (Wall et al., 2021) formed

during the breakup of Rodinia and
the opening of the southern Iapetus
Ocean (Fig.1).

The SOA experienced extensive
felsic and mafic magmatism and
was later inverted during the
Pennsylvanian Ouachita orogeny,
exposing deep-seated 1gneous
rocks.

The Carlton Rhyolite Group,
Wichita Granite Group, Raggedy
Mountain Gabbro and extensive
subsurface basalts make up the
main parts of this bimodal 1gneous

province (Fig. 2) (Ham et al., 1964;

Powell et al., 1980).

The Raggedy Mountain Gabbro
Group consists of the large Glen

Mountains Layered Complex, and
the Roosevelt Gabbros.

The Carlton Rhyolite
unconformably overlies the Glen
Mountains Layered Complex. The
Wichita Granite Group intrudes
along the contact between the
rhyolites and gabbros. Diabase
dikes intrude the other units.
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Figure.1, Map of the Southern Oklahoma aulacogen,

showing exposed Cambrian igneous rocks in the Wichita and
Arbuckle Mountains. Modified from Hanson et al. (2013). Early
Paleozoic continental margin from Keller and Stephenson
(2007).
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Figure 2. Schematic cross section of igneous rocks exposed in
the Wichita Mountains. The Glen Mountains Layered
Complex and the Roosevelt Gabbro belong to the Raggedy
Mountain Gabbro Group. From Hanson et al. (2013).

The Wichita Mountains granites and rhyolites exhibit the usual
characteristics of A-type felsic rocks (Myers et al., 1981; Hogan and

Gilbert, 1995, 1997; Hanson and Eschberger, 201

4).

Provide new integrated petrographic and major- and trace-clement data for understudied parts of the Carlton Rhyolite Group and
bimodal magmatism associated with continental rifting during ||diabase dikes and gabbros in the western part of the SOA to refine petrogenetic interpretations.
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Figure 3. A. Geological map of the Wichita Mountains, showing sample locations. Modified from Powell et al. (1980) and Donovan (1995). B. Enlarged view of Bally Mountain, modified from Hanson et al. (2014). C. Enlarged view of outcrops NW of Bally

Mountains, modified from Hanson et al. (2014). D. Geological map of the Blue Creek Canyon area. Modified from Donovan and others (1986). In Figures 3B, 3C, and 3D, small black stars are locations of previously analyzed samples. Sample labels in bold

font are new samples that have just been analyzed.

Petrography of Diabase Dikes and Gabbro Intrusions

Figure 4. A. Sample KD showing plagioclase (PI) laths in fine-grained groundmass; amygdules filled with
green Fe-rich clay (Gfc), plane light. B. Same field of view, crossed polars, showing diabasic texture.

Figure 5. A. Sample PG showing augite enclosing plagioclase laths with bowlingite (Bow) pseudomorphs after
olivine, and Fe-Ti oxides (Ox), plane light. B. Same filed of view showing higher-order interference colours in

augite enclosing plagioclase laths, crossed polars.

Figure 6. A. Sample MM-1, plagioclase (P1) laths altered to sericite; green Fe-rich clay pseudomorphs (Gfc),

plane light. B. Same field of view showing diabasic texture (crossed polars).

Geochemistry of the of Diabase Dikes and Gabbro Intrusions
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Figure 7. A. Diabase samples on the Nb/Y vs Zr/TiO2 discrimination diagram of Winchester and Floyd

(1977). B. Diabase samples on the Zr vs. Zr/Y diagram of Pearce and Norry (1979). Blue field on this and

following diagrams represents data for diabase intrusions and Roosevelt gabbros in the Wichita
Mountains from Aquilar (1988), Diez de Medina (1988), and DeGroat et al. (1995).
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Figure 8. A. Nb/Y versus Zr/(P205*104) discrimination diagram of Floyd and Winchester (1975). B. Diabase

samples on the Zr vs. Zr/Y diagram of Pearce and Norry (1979).
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Our new diabase samples generally fall within the fields for previously analyzed diabases in the Wichita Mountains.

Our samples plot mainly 1n the field for subalkaline basalt, although a few plot in the alkaline basalt field in Figure
7A. Most samples fall within the tholeiitic—transitional region between the MORB and WPB fields in Figure 7B,
which is broadly consistent with the results from Figure 8A. Our samples also fall within E-MORB and within plate

basalt fields in Figures 8B and 9. These results are broadly consistent with emplacement in a continental rift

environment.
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Figure 11. Primitive mantle—normalized trace element patterns of
diabase; normalizing values are from Sun and McDonough (1989).

In Figure 10, the diabase samples show slight LREE enrichment, relatively flat HREE patterns, and no significant Eu

anomaly, consistent with mantle-derived magmas similar to enriched MORB. Two samples (MM-11 and KD) show higher

REE contents, indicating they have somewhat different petrogenetic histories. These two samples also plot apart from our

other samples in Figure 11. Our other samples in this figure show consistent patterns for the high-field-strength elements,

but the more mobile elements (e.g., Rb, K, Pb) show evidence of secondary disturbance.
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Figure 13. JP-2A, needle-like quartz paramorphs after tridymite
and green Fe-rich clay pseudomorphs (Gfc), plane light.

Figure 14. MM-6, rhyolite xenolith in Quanah Granite: orthoclase

(Or) and plagioclase (P1) phenocrysts. Groundmass shows a
granoblastic texture (plane light).

Figure 12. Sample JP-2A showing spherulitic texture, plagioclase(P1), orthoclase and quartz phenocrysts in plane light. B. Orthoclase phenocryst
showing chessboard albite in crossed polars.

Figure 13. Sample BM-4, felsitic groundmass with perlitic
texture (green arrows) and quartz-filled amygdules (red arrow),
plane light.

Figure 15. Sample MM-2 showing granoblastic texture with
partly recrystallised orthoclase (Or) and quartz (Qtz), plane
light.

Petrography and Geochemistry of Rhyolites and Diabase and Gabbro Intrusions in the Wichita Mountains, Southern Oklahoma Aulacogen
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Figure 19. Chondrite-normalized REE patterns of rhyolite Figure 20. Primitive mantle—normalized trace element patterns of rhyolite
samples; normalizing values are from Sun and McDonough (1989). samples; normalizing values are from Sun and McDonough (1989).
Rhyolites exhibit fairly strone LREE enrichment, depleted HREESs, and a pronounced negative Eu anomaly, reflecting plagioclase fractionation in these silica-rich magmas.
y y g P P g y g plag g
These are characteristics of A-type felsic rocks. This has been observed in other Carlton Rhyolite flows (Hanson et al. 2014). Also, the negative Ce anomaly in BM-4,
indicates some disturbance due to alteration. . .
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Hanson et al. 2014. (A) TiO2 versus Nb diagram. (B) TiOz versus Zr/Nb diagram. C. Ta/Th versus Ti/Zr diagram.
Conclusion
For Rhyolites

e Strong LREE enrichment, negative Eu anomalies, and high HFSE levels are consistent with an origin from high-temperature A-type magmas.

e Sample MM-3 (filled green triangle ), from a rhyolite dike intruding granite, 1s significantly younger than the other rhyolites.

e At Bally Mountain, samples JP-2A and JP-2C come from a dike exposed just below the base of flow 3 (Fig. 3B), and are geochemically similar to sample
BM-2 near the base of that flow. This indicates that the dike 1s a feeder for flow 3. This 1s the only confirmed feeder dike for any rhyolite flow 1n the SOA.

e The rhyolites samples came from three main magma sources, and their overlapping distributions point to a complex and interconnected magmatic system.

For Diabase
e Most diabase dikes show characteristics of enriched MORB (Figure 17) and also plot together on Figures 13-16.

e However, MM-9 and KD plot together and have different trace elements patterns from the rest of the diabase samples, suggesting these dikes have different
petrogenetic histories. The two samples come from the extreme west and extreme east from Figure 3A. This suggests a complex plumbing system for these
mafic magmas.
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