Overview of the Carlton Rhyolite Group

*(LL6T) PAO[] PUE J9)SAYIUIAN JO WILISRIP UOIRUIWILID

-sI (@) "(6861) 103314 pue Jeluey Jo wieigelp uoneanjes eurwnpy (D) “(9861) '[& 19 seg 37 Jo weaderp (SV.L) edIIS sns1aA sifey[e [e1o], (q)
*(ZL61) SOYSNH Jo wreagerp win.ajddds snodug] () ‘sweLdeIp pajdd[ds uo pajjod sajiue.as eIydIAL PUB NIOAYY U0I[I1B)) Y} .10} BIR(] 6 dIN3I]

133

Oklahoma Geological Survey Guidebook 38



Hanson and Eschberger

1000 T T T T T T T T T T T3
100 E —
o - -
= = .
c = .
©
s L .
g
£ 10 =
E — 3
= - -
& — —4
=
> = -
[}
S = -
o
1E- —
1 | N N (N A N N (N AN NN NN N SN NN N A SO N S S
Cs/RbBa Th(U)Nb Ta (K) La CePb Pr(Sr) P Nd Zr SmEu Ti Dy Y Yb Lu
Mobile trace elements
1000 -
100 —
7] — -
[0} I~ -
= - -
S
© - —
c
o
2 - -
Q
S
s 10 E
o - -
1 | | 1 | 1 | | | | 1 | 1 1 | |
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Carlton R.hyolite in Arbuckle Mountains | Carlton Rhyolite in Wichita Mountains X Wichita Granites
O East Timbered Hills o Bally Mtn., NW Bally Mtn., 32 Fort Sill (Includes two
% Quarry in West Timbered Hills Zodletone Mtn. A Rhyolite Dikes subsurface samples
8% Subsurface Data O Blue Creek Canyon A Rhyolite Xenoliths from Arbuckle region)

Figure 10. Multi-element diagram (A) and REE diagram (B) for the Carlton Rhy-
olite and Wichita granites. Normalization values in both diagrams are from Sun
and McDonough (1989).
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ties/geolab/). These analytical data are tabulated in other
papers on the Carlton Rhyolite in this guidebook where the
data are also discussed in more detail with regard to spe-
cific study areas. All of the data are reported volatile-free
and have been normalized to 100%. Each of the samples
analyzed at Washington State University has also been
studied petrographically in order to evaluate the effects of
secondary alteration on major- and trace-element contents.
Representative data for the Wichita granites are shown in
Figures 8 through 11 for purposes of comparison and are
taken from Price (1998), except for two subsurface granite
samples discussed in Puckett et al. (this guidebook).

Silica values in the rhyolites range from 68.83 to 79.16
wt % (Fig. 8). A few of the rhyolites with the highest silica
values have experienced secondary silicification, and some
of the spread in data for individual study areas is also the
result of silica mobility (e.g., Eschberger et al., paper, this
guidebook; Finegan and Hanson, this guidebook). Howev-
er, there is no petrographic evidence for significant mod-
ification of original silica contents in the majority of the
rhyolites, and most of the range in silica values shown in
Figure 8 is believed to be primary. The granite data have
fairly similar trends to the rhyolites but do not overlap with
the less-evolved rhyolite compositions. This may reflect
a real difference or may simply be the result of a greater
number of analyses for the rhyolites.

Overall, TiO,, FeO, MgO, CaO, and P,0; decrease with
increase in silica (Fig. 8), consistent with fractionation of ob-
served phenocrysts and accessory minerals. There is, howev-
er, considerable scatter in the data in some of the plots. This
may partly indicate that rhyolite samples with distinct petro-
genetic histories or fractionation trends have been lumped
together, but can also be attributed to element mobility
during alteration. Several samples are either unusually high
or low in K,O or Na,O, indicating significant disturbance of
the alkalis, which is also illustrated by the fact that a number
of the samples fall outside the normal igneous spectrum in
the Hughes (1972) diagram shown in Figure 9A.

All of the data fall in the rhyolite field in the TAS di-
agram of Le Bas et al. (1986) (Fig. 9B), but this diagram
should obviously be used with caution in altered rocks
where both the alkalis and silica may have been disturbed.
None of the rhyolite samples plot in the peralkaline field in
Figure 9C, although some of the granites do. This is con-
sistent with the presence of aegirine and arfvedsonite or
riebeckite in some of the granites, which in general show
better preservation of primary mafic minerals than in the
rhyolites (Myers et al., 1981; Gilbert et al., 1990). Peralka-
line rocks, by definition, are those in which Na,O + K,O is

greater than Al,O, in molecular proportions. Loss of alkalis
during alteration, however, can readily destroy an original
peralkaline signature (e.g., Tollo et al., 2004), even when
diagnostic peralkaline minerals are still preserved (McK-
ay and Rogers, 1970). Figure 9C is therefore likely to be
of questionable value in the case of the Carlton Rhyolite,
which may have been more susceptible to secondary mod-
ification of major-element contents than the granites. In
altered volcanic rocks of this type, Figure 9D from Win-
chester and Floyd (1977) is likely to be more useful be-
cause it employs ratios of elements known to be resistant
to secondary disturbance. Many of the rhyolite samples
plot well into the peralkaline field in Figure 9D. Assuming
this diagram provides a reliable indication of peralkaline
compositions, it appears that much of the Carlton Rhyolite
Group was originally peralkaline.

Samples for which complete trace-element data are
available are plotted in a multi-elelment diagram normal-
ized to primitive mantle in Figure 10A. Some of the more
mobile elements (circled on the x axis in the figure) show
considerable variation, partly reflecting secondary alter-
ation. Most of the samples, however, have closely simi-
lar patterns, including depletions in Sr, P, Eu, and Ti that
record fractionation of feldspar, apatite, and titanomagne-
tite. Many of the rhyolites have slight negative Nb and Ta
anomalies, although these are absent in some samples from
the East Timbered Hills in the Arbuckles, which also show
more strongly fractionated patterns than the other samples.
The REE patterns in Figure 10B are also very similar in the
rhyolites as a whole except for the more highly fractionated
samples from the East Timbered Hills. Data for the Wichita
granites tend to plot with the majority of the rhyolite sam-
ples in both diagrams.

The rhyolite and granite samples fall together in fields
for within-plate, A-type felsic rocks in the discrimination
plots in Figures 11 A and 11B which rely on elements known
to be resistant to alteration. Most of the data cluster tight-
ly in those two diagrams, in keeping with the results from
Figure 10. Three useful discrimination diagrams developed
by Eby (1990, 1992) for A-type felsic rocks are shown in
Figures 11C, 11D, and 11E. In the triangular diagrams in
Figures 11C and 11D the data straddle the boundary be-
tween the A1 and A2 fields, indicating derivation of the fel-
sic magmas partly from ocean-island-basalt-type sources,
but with contributions from sources previously modified
by subduction-zone processes. This point is also made in
Figure 11E, where some of the rhyolite samples fall well
into the field for rocks derived from ocean-island-basalt
(OIB) sources, but the majority of the data define a clear
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Figure 11. Data for the Carlton Rhyolite and Wichita granites plotted on trace-element discrimination diagrams. (A)
Nb versus Y discrimination diagram of Pearce et al. (1984). (B) Zr versus 10°Ga/Al discrimination diagram of Wha-
len et al. (1987). (C) Y-Nb-Ga discrimination diagram of Eby (1992) for A-type felsic rocks. (D) Y-Nb-Ce discrimi-
nation diagram of Eby (1992) for A-type felsic rocks. (E) Ce/Nb versus Y/Nb diagram of Eby (1990) for A-type felsic
rocks. MORB: range for mid-ocean ridge basalts; /4B: field for island-arc basalts; cross labeled C: average crustal
ratios; CG: field for syncollisional granite; V’4G: field for volcanic-arc granite; O/B: field for ocean-island basalts.
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trend extending from the OIB field to values for average
continental crust and collisional granites derived by crust-
al anatexis. These results are consistent with the presence
of negative Nb-Ta anomalies in many of the rhyolites and
suggest that their petrogenesis involved some input from
older crust.

Available isotopic data indicate that the Wichita gran-
ites and Carlton Rhyolite typically have low 87Sr/36Sr ratios
and positive €, values that overlap with those for diabase
intrusions in the Wichita Igneous Province (Hogan et al.,
1995; Degeller et al., 1996; Wright et al., 1996). These data
indicate that fractionation from more mafic precursors or
partial melting of mafic rocks emplaced at deeper levels
was the ultimate source of the felsic magmas. However, the
trace-element data, which are available for a much larger
suite of the felsic rocks than have been analyzed isotopical-
ly, suggest that crustal assimilation played a role in modify-
ing the compositions of many of the magmas.

PHYSICAL VOLCANOLOGY

Work on the physical volcanology of the Carlton Rhy-
olite Group is hampered by the fact that so much of the
unit is confined to the subsurface. Sufficient outcrops oc-
cur in the Wichita and Arbuckle Mountains, however, to
gain some insight into lithofacies architecture and eruptive
styles within the rhyolitic volcanic field. Studies of the ex-
posed rhyolites, in turn, provide a template for interpreta-
tion of data from drill holes penetrating the volcanic suc-
cession (Puckett et al., this guidebook). To date, workers at
TCU have mapped most of the exposed rhyolite outcrops
in the Wichita Mountains (Finegan and Hanson, this guide-
book; Hanson et al., this guidebook). Exceptions include
small areas in the Slick Hills where we have not yet gained
access to private property, and more extensive outcrops in
the Fort Sill Military Reservation that are off limits because
they occur within the artillery impact zone. Eschberger
(2012) produced a detailed map of the rhyolites in the East
Timbered Hills in the Arbuckles (see also Eschberger et al.,
paper, this guidebook), and we are now beginning studies
of the more extensive rhyolite outcrops in the West Tim-
bered Hills in collaboration with the Oklahoma Geological
Survey.

We have identified 31 different rhyolite flows in the
Wichita Mountains and two more in the East Timbered
Hills in the Arbuckles. The flows occur in stacked vertical
sequences. Where exposures are good, many of the flows
are separated by thin (<1 m) interbeds of tuffaceous mud-
stone and/or rhyolitic ash-fall tuff containing bubble-wall

shards (Fig. 12). Less commonly, one flow rests directly
on the underlying one without any obvious evidence for a
break in time. Examples are also known both in the Wich-
itas and in the East Timbered Hills where flows are sepa-
rated by sequences as much as 100 m thick of tuffaceous
rocks intercalated with coarser volcaniclastic deposits con-
taining reworked rhyolitic debris. Sedimentary structures
in these sequences indicate deposition in lakes that must
have existed for some length of time.

The available outcrops provide good cross-sectional
views of the flows. So far we have not found exposures of
lateral flow terminations, but outcrops of one flow in the
Slick Hills in the Wichita Mountains may be close to the
original edge of that flow (Hanson et al., this guidebook).
Flow breccia occurs at the bases and/or tops of some flows
but is absent in others. Many of the flows have a distinctive
internal structure in which flow banding is restricted to dis-
crete, relatively narrow zones near the bases and tops of the
flows, which also show evidence of having been originally
glassy following emplacement. In contrast, flow interiors
consist of massive, homogeneous felsitic rhyolite with a
monotonous appearance in the field. These felsitic inte-
riors show extensive development of randomly oriented
tridymite needles in the groundmass, as described above,
and the needles typically increase in size toward the cen-
ters of flows, indicating that the flow interiors underwent
slow, uniform cooling after the lava came to rest. Flows for
which both the bases and tops are exposed generally are
~80 to ~230 m thick, much of which typically is homoge-
neous felsite. Thicker examples also occur, however, and
include a 400-m-thick flow on Bally Mountain in the Slick
Hills (Hanson et al., this guidebook) and a 600-m-thick
flow in the East Timbered Hills (Eschberger et al., paper,
this guidebook), which is the thickest flow so far docu-
mented in the Carlton Rhyolite Group.

It is difficult to understand how this type of internal
zonation could develop if these units were emplaced as
domes or short, thick lava flows of the type commonly
formed by highly viscous rhyolite lava. We instead inter-
pret the rhyolite outcrops showing this distinctive zonation
to represent erosional remnants of laterally extensive flows
similar to those documented in a number of other A-type
felsic volcanic provinces. Some of these units have been
referred to as “flood rhyolites” (e.g., Henry and Wolff,
1992), and examples of single felsic lavas forming broad,
tabular sheets that can be traced laterally for tens of kilo-
meters have been described in the literature (e.g., Henry et
al., 1988, 1990; Henry and Wolff, 1992; Allen et al., 2008;
Branney et al., 2008). One well-documented example has

Oklahoma Geological Survey Guidebook 38 137



Hanson and Eschberger

Figure 12. Photomicrograph showing silicified bubble-wall shards in tuff
interbed between rhyolite flows exposed northwest of Bally Mountain.

Plane-polarized light; field of view ~5 mm across.

a preserved length of 225 km (Allen and McPhie, 2002).
The ability of A-type felsic lavas to flow for considerable
distances is interpreted to reflect relatively low magmat-
ic viscosities resulting from a combination of factors in-
cluding high magmatic temperatures and high contents of
fluorine dissolved in the magma (e.g., Henry and Wolff,
1992; Green and Fitz, 1993; Dingwell et al., 1985; Agangi
et al., 2012). High effusion rates and the development of
chilled margins that effectively insulate flow interiors are
additional factors leading to formation of these extensive
felsic lavas (Manley, 1992).

We can trace most individual Carlton Rhyolite flows
no farther than a few kilometers laterally because of the
limited nature of the outcrops. One exception occurs in the
Fort Sill area in the Wichita Mountains where a single rhy-
olite flow extends for ~18.5 km before becoming covered
or being truncated by intrusive granite (Finegan and Han-
son, this guidebook). The original extent of this flow could
have been much larger.

Extensive extrusive units in A-type felsic provinces
that may resemble lava flows can also form from pyroclas-
tic flows that are generated by explosive eruptions and un-
dergo partial or complete homogenization during or after
transport to form lava-like rheoignimbrites (e.g., Branney
and Kokelaar, 1992; Andrews and Branney, 2011). In rheoi-

gnimbrites, evidence for a pyroclastic origin
(e.g., eutaxitic texture) may be preserved in
the rapidly chilled basal parts of the flows
(Henry and Wolff, 1992). Most flow units
in the Carlton Rhyolite lack pyroclastic tex-
tures, even at their bases. Textures resem-
bling eutaxitic texture defined by welded
pumice fragments do occur at the bases of a
few flows in the Slick Hills (Hanson et al.,
this guidebook), but such textures can also
develop from welding of pumice formed by
vesiculation during emplacement of effusive
lava (Manley, 1995). Our preferred interpre-
tation is that most or all of the flows we have
examined in the Carlton Rhyolite Group are
effusive lava flows. We cannot eliminate the
possibility that some of the flows originated
as rheomorphic ignimbrites, but if so they
must have been nearly completely homog-
enized so as to travel in a lava-like state for
some distance before coming to rest.

No source vents for the Carlton Rhy-
olite have been reported in previous stud-
ies, although some workers have speculat-

ed that the rhyolites were fed from fissure-type eruptions
(e.g., McConnell and Gilbert, 1990; Hogan et al., 1998). In
support of this idea, we have recently documented a feed-
er dike to one of the flows exposed on Bally Mountain in
the Slick Hills (Hanson et al., this guidebook). The lack of
pyroclastic textures in either the dike or flow is convincing
evidence that this particular flow erupted directly from the
vent as lava (cf. Henry and Wolft, 1992).

Ongoing studies of the Carlton Rhyolite Group in the
subsurface in and near the Arbuckle Mountains provide
additional evidence for the presence of vertically stacked
rhyolite flows lacking pyroclastic textures (Puckett et al.,
this guidebook). The general paleogeographic scenario
suggested by the surface and subsurface studies involves
repeated eruption of felsic lavas (and possibly thorough-
ly homogenized rheoignimbrites) in various parts of the
evolving Cambrian rift. Lakes formed at times between
eruptions, possibly when drainage systems were blocked
by emplacement of large flows. Tuff interbeds with bub-
ble-wall shards typically occur only in minor amounts
between flows, suggesting that large-scale pyroclastic
eruptions involving formation of major eruption columns
played little role in the volcanic evolution of the rift, or at
least in those parts of the rhyolitic volcanic field that we
have so far been able to study.
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Of course, we still have seen only a small part of the
mostly buried Carlton Rhyolite Group, and there may be
considerable lithofacies variations remaining to be dis-
covered in other parts of the volcanic field. An example is
provided by the Franklin 1 Sparks Ranch well discussed
above. Of the total thickness of 1.4 km of strata penetrated
by that well and assigned to the Carlton Rhyolite Group, ~1
km consists of texturally immature volcaniclastic deposits
containing silt- to gravel-size rhyolitic detritus and inter-
calated with much less abundant rhyolite lavas (see fig. 2,
Puckett et al., this guidebook). Results from this well indi-
cate that significant accumulations of reworked rhyolitic
sedimentary rocks may remain to be discovered in other
parts of the buried volcanic succession within the Southern
Oklahoma Aulacogen, perhaps forming thick volcaniclas-
tic aprons that interfinger laterally with lavas around major
eruptive centers.
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