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A b St r a ct The main part of the upper flow is characterized by uniformly developed columnar jointing (Fig. 25), indicating that it 1s a single cooling G h - t
unit. The columns are up to 1 m wide (Fig. 26) and plunge steeply (mostly 50°to 70°) to the northeast, perpendicular to the base of the flow. eo c e m I S ry
In thin section, the groundmass shows an increase in the size of tridymite needles (now replaced by quartz) upward in the flow (Figs. 27
The Carlton Rhyolite Group forms part of a Lower Cambrian bimodal igneous assemblage emplaced during formation of a major and 28). Similar tridymite textures have been documented in the Wichitas by TCU workers (Philips, 2002; Burkholder, 2005; Finegan et al., We have so far analyzed three samples from the upper flow, two samples from the lower flow, and a total of eight samples from the

intracontinental rift in southern Oklahoma. The rhyolites Ooccupy an area of ~ 40,000 km? in the subsurface, with outcrops in the Wichita this meeting; Frazier et al., this meeting). hypabyssa] ntrusions. On]y two representative Harker diagrams are shown here (Flgs 34 and 35) Other maj or oxides on Harker diagrams
Mountains of southwest Oklahoma and in the East and West Timbered Hills in the Arbuckle Mountains, ~ 130 km to the southeast. Rhyolites tend to be scattered, probably as a result of element mobility during secondary alteration. Some of the variation in silica contents in Figs. 34
in the Wichitas were emplaced as thick cooling units without obvious pyroclastic textures and may represent parts of extensive sheet-like and 35 is also due to secondary silicification.

lava flows erupted non-explosively. Rhyolite flows in the Arbuckles have not been studied in detail previously. Figures 36 and 37 are standard discrimination diagrams that use trace elements that are resistant to secondary alteration. In Fig. 36, the

samples generally fall in fields for rhyolite and peralkaline rhyolite. They uniformly plot within fields for within-plate, A-type felsic rocks
(Figs. 37 and 38) and compare fairly closely to fields for Carlton Rhyolite in the Wichita Mountains.

Overall, the samples show highly fractionated patterns on the multi-element (spider) diagram (Fig. 39), which is typical of A-type felsic
rocks. The samples show a strong depletion in Sr, P, and Ti, reflecting fractionation of plagioclase, apatite, and titanomagnetite, respectively.

Our new mapping in the East Timbered Hills, close to the northern margin of the rift, shows that two rhyolite flows make up most of the
volcanic sequence in that area. The total extent and thickness of the flows are unknown because they are truncated by faulting and partly
hidden by younger cover. The largest exposed flow can be traced for 3.6 km and is at least ~ 600 m thick. It contains feldspar and quartz
phenocrysts typically set in a massive felsitic groundmass with randomly oriented to radiating tridymite crystals (now inverted to quartz).
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igure 11b. Ioser vie of flow fold shown in Fig.

Well-developed columnar jointing is perpendicular to the flow base, with delicate flow lamination and peperite present in the lower few 11a. rhyolite flow. Notice some clasts are outlined by They also show a marked negative Ba anomaly, indicating significant fractionation of alkali feldspar. These patterns are comparable to those
meters. We infer that this unit is a remnant of a more extensive lava flow of the same type as documented in the Wichitas. LEGEND yellow lichen. in Carlton Rhyolite of the Wichitas, except that the hypabyssal intrusions show a more pronounced negative Ba anomaly.
The upper flow is separated from the lower flow by volcaniclastic sedimentary rocks ~ 60 m thick that include planar-laminated vitric tuff ‘ D i L In Figs. 40 and 41, which again use immobile trace elements, all but one of the samples consistently plot within three distinct groups. The
with zones of soft-sediment folding, and planar-bedded tuff, mudstone and siltstone interbedded with rhyolite conglomerate and sandstone. = Quater.n.ary Alluvium s e upper and lower lava flows, as well as a few of the hypabyssal intrusions occupy one group, whereas the other intrusions occupy two
The lower rhyolite flow 1s aphyric and shows flow banding and abundant spherulites throughout, perlitic texture, and vesicle-rich zones. O;g)g:":f;'ae?;fpamb"a“ 4 : e ADT B e Pt Al / "‘ different groups. These three geochemical groups may represent distinct magma reservoirs or source regions, although the available data set
Open to isoclinal flow folds deform the flow .bandmg, and ﬂow.brecma up to 50 m th_ld,{ 1s present In th.e upper part of the ﬂqw. This flow [] West Spring Creek and Kindblade Formations Figure 23. Peperite located at base of upper Figure 25. Columnar jointing in upper rhyolite flow. is too limited to make any firm conclusions along these lines at the present time.
can only be traced ~ 700 m but is > 300 m thick. A complex series of hypabyssal felsic intrusions form irregular contacts against the two I Cool Creek and McKenzie Hill Formations rhyolite flow. rhyolite flow, showing jigsaw texture. Columns are ~ 1 m across.
main flow units and can be divided into four types based on phenocryst content. The abundance of these subvolcanic intrusions suggests that B Butterly Dolomite, Signal Mountain Formation, . I l , I , , 05 , i . i , i
the study area may be close to a rhyolite source vent. Geochemical studies thus far show the lava flows and hypabyssal intrusions to have R MK O S Rhyolite lava flows:
within-plate, A-type compositions that are comparable with Carlton Rhyolite in the Wichitas U CANES NI - > " 0 »© n
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) , , . . , . . I Rhyolitic volcaniclastic sedimentary rocks Figure 13. Spherulites in lower rhyolite flow Figure 14. Spherulitic texture in lower rhyolite Figure 15. Perlitic texture in lower rhyolite flow. v Type li S 02 - O i
An Early Cambrian rift zone in southern Oklahoma forms an elongate, partially inverted rift that extends from the ancient continental Lower rhyolite flow showing concentric growth zones. flow. Plane-polarized light; field of view ~ 5 mm Plane-polarized light; field of view ~5 mm across. | o @ o | PR O Type i !
margin in south-central Oklahoma northwest into the Texas Panhandle (Fig. 1). This rift zone represents a failed rift arm associated with the Hypabyssal felsic intrusions across. S=spherulite. ; 2 d 5 ¢
opening of the Iapetus Ocean to the present southeast. The Cambrian Carlton Rhyolite Group and related Wichita granites (Fig. 2) are widely = Ppe :IiP‘:USiQ” . ] ] . % - il ol 10 : | . ' ' ' 01 . 1 1 : : .
. . . . . . . . SR 73 74 75 76 77 78 79 a0 73 74 75 76 77 78 79 a0
distributed within the rift zone (Ham et al., 1964). The rhyolites occupy an area of ~ 40,000 km? in the subsurface, based on geophysics and - ngz i Rhyolitic Volcaniclastic Sedimentary Rocks 7 1A S — " ou 10, Wi%
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drilling. This makes the Carlton Rhyolite Group a major volcanic field that is comparable in scale to the Miocene to Holocene Snake River e Small rhyolite intrusion (trend unknown) T G e . C v s BRSBTS i T e s S BRSNS e e Wichita Mo{mtains Figure 34. Harker variation diagram (SiOx Figure 35. Harker variation diagram (SiO-
Plain/Yellowstone magmatic system. The lower rhyolite is overlain by a rhyolitic volcaniclastic sedimentary sequence ~ 60 m thick (Fig. 16). Planar-laminated, very fine- Figure 26. Columnar jointing in upper rhyolite flow.  Figure 27. Very fine-grained tridymite needles (barely ~ Figure 2f8. Coarsgr trlidy?ite ilr; Igroundlma_lssdo:‘_ ) vs Al203) for Carlton Rhyolite in the East vs TiO2) for Carlton Rhyolite in the East
The Carlton Rhyolite is only exposed in the Wichita Mountains of southwestern Oklahoma and the Arbuckle Mountains of southern . Fault (dashed where inferred, dotted where covered) grained siliceous tuff and tuffaceous mudstone (Figs. 17a and 17b) make up the lower part of the sequence and show zones of intense soft- Hammer rests on surface at high angle to jointing. \él:lsglGgfnuogl\éer?ﬂlgﬁ?eloﬁloevu?jﬁtz]gj ggﬁgﬂgﬁ;ﬁﬁﬁ:{d :c?;%rlgfr aeuwpgezf.g %?T:tzcrg\évé. Sir;?)-r?:rﬁlrilt? ight; Timbered Hills. Timbered Hills.
Oklahoma (Fig. 1). Much work has been done on rhyolites in the Wichitas by TCU workers (Philips, 2002; Burkholder, 2005; Finegan et al., N Thrust fault : s ‘ : sediment disruption. Meter-scale soft-sediment folds in these zones range from upright to recumbent (Fig. 18). These fine-grained rocks are of view ~ 5 mm across. A=alkali feldspar phenoéryst. T=tridymite (now replaced by quartz).
this meeting; Frazier et al., this meeting). Rhyolites in the Arbuckles were first described by Uhl (1932), and brief additional information was \\\ gegg?glc i::‘tza ) ) (C 7% i |4 succeeded by a poorly sorted, massively bedded polymict rhyolite cobble and boulder conglomerate containing clasts of aphyric rhyolite up T T T T T (T T T T RS IR TR R R | 1000 : . —TTT T3
given by Ham et al. (1964). The present project is the first modern study of the rhyolites in the Arbuckle Mountains. dz;\ Te : ing atti :1 e s (A SIIESS) to 30 cm long and showing coarse-tail normal grading. Planar-bedded tuff, mudstone and siltstone interbedded with rhyolite pebble Hyp abys S al Fel Si C Intru Si ons: i o e e 1000 £° - : o (xR :
iﬁ\ Tec zm(f: :)o!?tl h P e O (S conglomerate and sandstone make up the rest of the interval (Fig. 19). In the eastern part of the study area, this sequence is offset by several - 1E Rhyolite = = Within-Flste Grankos ) E 1
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/ = . ' SRS T A RSN Type I Intrusions ; Rhyolite ' i 3 % i - 4
— | on F » . 2x\ Flow banding W\ oMY i s\ e §Y) \ L \ﬁ? = b = ! o =
ARBUCKLE ‘ \ Flow partin = - ~a\N ot - I jointi . .o . .. . . . . Zmio, = Rhyodacite/Daci o E Nb = ."' ; - Zr 100 [~ =
N LGtk / o :"_ Plun gpe of rl?y R —_— e W | | | | MOSERI g This unit 1s a series of rhyolite intrusions up to ~ 160 m across, which cut both the upper and lower rhyolite flows (Figs. 6 and 29). The E e Trachyandesite 1  em F £ g 1  eem E :
Gt " Q{ o “ ' | ' 50 <= Plunge of minor flow fold axis o SN | | Type I rhyolite intrusions are similar to the upper rhyolite flow in that they contain abundant alkali feldspar phenocrysts in a felsitic - Andesite e - [ Sccsncte [ 1aS-ypes -
RMICHIAY Al Wichita Granites . 0\ VA J groundmass, but they are differentiated by their distinctive dipyramidal quartz phenocrysts up to ~ 3 mm across, and by the presence of 01 E= ndesiie/Basal / Alkali Basalt Sﬁ;‘}’,’;’,‘,ﬂf,g " E Svgf:'r:i_f;;?a' B v 2
g} ' _— Groundmass textures: N (& s microgranophyric texture in the groundmass (Fig. 30). In addition, Type I intrusions show only local regions of crude columnar jointing, and £ pamaa - B Granites - -
\ N : N . . . . . . . = ubalkaline Basa =1
sg* : - s - spherulitic . A W Flow lamination no flow banding. However, locally they contain lithophysae up to 1.5 cm across (Fig. 31). The presence of these gas cavities indicates that . | l | P 1
4 < / - ' : ' N . . . . L1 11111 P O M K A L1 1 13111 L1111 1 1 {1 NN L L L 1 Ll
Mg AC A e | —— Peperite (Figs. 23 and 24) the Type I rhyolite intrusions were emplaced at very shallow levels where gas bubbles could exsolve readily during cooling and 001 1 | I 1 ", 10
e ERY_ g- glass Y . 01 A 1 10 1 10 100 1000
7 = Early Paleozoic Continental Margin - , ' dev1tr1ﬁcat10n. nor Y (ppm) i ‘O‘Ga/_N i
fb - flow breccia | Figure 36. C_Jarlton Rhyolite in the East Figure 37. Carlton Rhyolite in the 'T';r?]légere:;dai—lciflirlt?oquh )(l)?lhftﬁelnd?zergfrlsgf
_(Fig. 19) T|r_nbered Hills plotted on the diagram of East Timbered Hills plotted on the Whalen et al (1|0987) 9
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Figure 1. Map of Neoproterozoic - Cambrian aulacogens section of igneous rocks in the Wichita Layered Mafic Upper rhyolite flow :
in southeastern North America Mountains province Intrusive Complex C s *1‘( .
(modifie(.j from McConneII & Gilbert, 1990; subsurfjac.:e rhyolite extent fror.n Ham et al., 1964; early (modified from Hogan & Gilbert, 1998; SubSl:jrfaCe data from Ham . Figure 7. Geologic Cross Planar-bedded thf, mudstone and Fiqure 17b. Planar lamination in 100 & 0.4 O )
Paleozoio margin from Keller & Stephenson, 2007: figure crafed by David MeCleery. 2010). ot al. 1964, and Keller & Stephenson, 2007; figure drafted by David MeCleery, 2010). Ordovician - Cambrian  Lower Cambrian Groundmass textures: section of East Timbered EE siltstone interbedded with rhyolite very fine-grained siliceous tuff vegr’y fine-grained siliceous tuff F 25 |- - 2
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: : : g =3 = r -—(Fig. 18) — | Planar-laminated vitric tuff Figure 29. Contact between upper rhyolite flow Figure 30. Microgranophyric texture in Type | Figure 31. Lithophysae in Type I rhyolite intrusion, : l )
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The southern Oklahoma rift zone is one of several rift zones that formed during the breakup of the Laurentian supercontinent in 1250 & sotsedimentfolds = = = of| Lower rhyolite flow rests on contact (outlined in red). Note the crude  view ~ 2.5 mm across. Q=dipyramidal beta-quartz Figure 39. Multi-element diagram for Cariton b e - Zme
Neoproterozoic to Early Cambrian time. In Oklahoma, the igneous rocks associated with this rifting event were buried by up to 5 km of el | - == == = columnar jointing in the intrusion. phenocryst. Rhyolite in the East Timbered Hills. Figure 40. Nb vs Th showing three distinct Figure 41. Zr/Nb vs TiO2 showing three
: . . . P . : . . Roos] 2 : Z Fi 16. Measured section showin : o . geochemical groups of Carlton Rhyolite in distinct geochemical groups of Carlton
sediments during the Late Cambrian to late Paleozoic (Johnson et al., 1988; Gilbert, 1992). During late Paleozoic compression, the rift fill | § e igure 16. heasure: | g Normalized to primitive mantle according to the East Timbered Hills. Rhyolite in the East Timbered Hills.
was partially inverted, with the igneous rocks uplifted as fault-bounded blocks. Igneous rocks associated with the southern Oklahoma rift 750 J e ;Zy%lg'ﬁc\éotl)ﬁwgf;tlgvieefg:gTaryer Type 11 Intrusions Sun and McDonough (1989).
zone are bimodal and include a layered mafic intrusive complex, gabbroic intrusions, and basaltic volcanic rocks (present only in the o = e rh;IoIite flows. Location indicatedF:)pn Fig. 6.
subsgrface). The 'Car.lton Rhyolite Group was deposited on an angular unconformity deyeloped on the layered c.omp.lex. (Fig. 2). Sheet - - - == This unit consists of small orange-brown rhyolite intrusions that cut the upper rhyolite flow and are up to ~ 35 m across. So far, only three =
granites of the Wichita Granite Group that intrude the base of the Carlton Rhyolite are inferred to be comagmatic with it (Ham et. al., 1964; - - e e S such intrusions have been mapped in the study area, all in the northwestern part. The only phenocrysts are small mafic crystals replaced by O n c u S I O n S
Gilbert, 1982). Diabase dikes crosscut all the other units, especially in the Arbuckle Mountains, where they are mostly parallel to the a r o n O I e ro u I n e a S R e S ‘ iron oxide and clay. These are set in a very fine-grained felsite groundmass.
northwest structural grain of the rift (Taylor, 1915; Denison, 1995). These dikes are termed the “late diabases” (Powell et al., 1980). °<><> ey OO“}/ riowbrecca (g 12) — = : — - ' y : : : : : ] :
? 4 ? ’ % o [ @ Figure 18. Soft sediment fold in Figure 19. Contact between * Our work in the Arbuckles has so far documented one extensive rhyolite flow unit (upper flow) with a thickness of at least ~ 600 m. This
o o I -laminat itric tuff. I -laminated tuff int vp | . . . : . g
Geolosic Settine of the Studv Area Planar-laminated vitrie t Eh?/gﬁtre Torgllorz)?eegor?glcl)rr]nzrrg?g and L The' i .{l'ltrlu Zlont; felsic intrusi t0 100 that intrude the 1 hvolite flow in th .  of the stud Th is greater than the maximum rhyolite flow thickness (400 m) documented in the Wichitas (Pollard and Hanson, 2000).
Geologic detting of the Study Area I m e re I S . ' is unit includes three felsic intrusions up to m across that intrude the lower rhyolite flow in the eastern part of the study area. The : o : : : : :
Upper Rhyolite L.ava Flow P Y P 4  Another rhyolite lava flow (lower flow) is thinner and less continuous than the upper rhyolite flow, with a thickness > 300 m. This lower

Type I intrusions are pinkish- to reddish-gray in color and aphyric, with a homogeneous groundmass that is barely phaneritic, making the l hvolite d hat h lled far £ h
: o : . , . : : . ow may represent a rhyolite dome that has not travelled far frrom the vent.
In the Arbuckle Mountains, the Carlton Rhyolite 1s exposed in two main areas in the core of the Arbuckle anticline. These areas are called The volcaniclastic sedimentary rocks are overlain along a planar contact by the upper rhyolite flow. This flow is the most extensive unit in term microgranite appropriate for these rocks. y Iep y

the East and West Timbered Hills (Fig. 3). My studies to date have been restricted to the East Timbered Hills (Figs. 6 and 7), which include Our mapping to date (Fig. 6) shows two rhyolite flows, an intervening sequence of volcaniclastic sedimentary rocks, and a complex series the study area, and can be traced up to 3.6 km along strike, with a thickness of at least ~ 600 m; however, the total extent and thickness of the In thin section (Fig. 32), the groundmass shows spherulitic texture, and coarse, randomly oriented tridymite needles up to 1 mm long, » Four types of hypabyssal felsic intrusions have been recognized. Their abundance suggests that the study area is relatively close to one of
the highest point in the Arbuckle Mountains. In the southwestern part of the East Timbered Hills outcrop, the rhyolite is overlain of hypabyssal felsic intrusions that can be divided into four main types based on phenocryst content. The felsic intrusions form irregular flow are unkn;wn since the unit lies aga.inst a major thrust, fault to the east and northeast. In a déliti on off,s et between different parts of the much coarser than the tridymite needles found in the upper rhyolite flow (Fig. 28). Microgranophyric texture occurs between the tridymite the rhyolite source vents. This makes the area different from the rhyolite outcrops studied in the Wichitas, where mapping by TCU
dl.sconformably by the Upper Cambrian Tlmber.ed .Hllls Group (consisting of the Reagan San.dstone oyerlaln by the Hone}{ Creek contacts against the two rhyolite flows. Diabase dikes in the study area tend to be poorly exposed, and are up to a few meters across, with flow along Pennsylvanian faults cutting it has not yet been quantified. ’ needles. workers has found only a small number of felsic hypabyssal intrusions (Philips, 2002; Finegan et al., this meeting).
Limestone). In the east and northeast, the rhyolite is thrust on top of the Arbuckle Group (which consists of a number of different northwest or northeast trends. This flow i diffs ¢ he 1 hvolite flow. Th Aow i hvritic thvol; th abund h Iv of . : : : : : : :
formations). Several faults cut the rhyolite and are inferred to have formed during late Paleozoic deformation 1s flow 1s very different from the lower rhyolite flow. The upper flow 1s a porphyritic rhyolite with abundant phenocrysts (mostly o T V1 ) A rhyolitic volcaniclastic sedimentary sequence occurs between the two lava flow units. This sequence records a pause in eruption
. ' Yo . . g L . alkali feldspar with minor quartz), and the main part of the flow has a pinkish-gray, homogeneous, felsitic groundmass in contrast to the Aype 1V Intrusion . . . . . activity and serves as a stratigraphic marker
Brittle shear zones have been mapped in the upper rhyolite flow and in some of the hypabyssal felsic intrusions (Fig. 6). These zones are Lower Rhyolite I.ava Flow dark-colored spherulitic and flow-banded groundmass in the lower rhyolite flow. However, in the upper part of the upper rhyolite flow, This unit has so far only been found as locally derived float in a small area, where the base of the upper rhyolite flow is in contact with Y S . ' _ N . . . o .

up to 80 m across .and hav.e closely space.d, sub-parallel, steeply dlpp}ng fracturgs that l(?cally grade into pockets of fine-grained cataclastite where cooling was more rapid, the unit has a more heterogencous groundmass, with locally pervasive flow parting (Fig. 20) and small tuffaceous sedimentary rocks in the eastern part of the study area (Fig. 6). The Type IV intrusion is a pinkish-red rhyolite, with alkali feldspar * Preservation of significant thicknesses of finely laminated tuff suggests that deposition occurred in a lacustrine setting. Similar lacustrine
(Fig. 4). Cataplashc breccias up to 1 m wide are locally associated W}th ﬁne—gr.alned foliated cataclas‘qte, and are .generally found near or . This unit is only present in the eastern part of the study area and is in fault contact to the east with the Arbuckle Group. The lower rhyolite spherulites visible in hand sample and well-displayed in thin section (Fig. 21). phenocrysts up to 2 mm across. The groundmass shows well-developed spherulitic texture (Fig. 33). The unit may represent a poorly deposits between flows have been documented in the Wichitas (Frazier et al., this meeting).
along the major thrus}tl fault inthehnortheast side of the StUdi’l area. Limestone in the Arl:l)uck}e Group in these regions also shows cataclastic flow is > 300 m thick, but since the base of the unit is faulted, the actual thickness may be much larger. The lava is aphyric and pervasively In the uppermost part of the flow, beneath the unconformity against the Reagan Sandstone, the groundmass is locally dark gray to black exposed dike. * Geochemical studies of samples taken from rhyolite flows and hypabyssal felsic intrusions in the study area, show them to be highly
disruption (Fig. 5). These brittle shear zones are inferred to have formed during Pennsylvanian deformation. ﬂpw-l?anded down to the thm-sectlop scqle (Figs. 8 and 9). Some flow bands contain abundant, elopgate, small vesicles oriented in 'the representing altered and devitrified glass. This suggests the unconformity surface is close to the original top of the flow. The groundmass is _ | _ ' - _ | _ fractionated, within-plate, A-type felsic rocks, very similar to the Carlton Rhyolite in the Wichita Mountains. This indicates that

direction of flow (Fig. 10). Open to isoclinal flow folds deform the flow banding in many places (Figs. 11a and 11b). Flow breccia is present also dark gray to black near the base of the flow (Fig. 22), and shows delicate flow lamination in places. Peperite formed along the flow base e & 7R n 7S ; o o in di - i  hiStor

) . : : : : L1 . . : . S . . . . . : . rhyolites in different parts of the rift have similar petrogenetic histories.

in the upper part of this unit and is up to 50 m thick (Fig. 12). Spherulites are abundant and range from < 1 mm to 1.5 cm in diameter (Figs. by quench fragmentation of rhyolite and intermixing with underlying wet, unconsolidated tuffaceous sediments (Figs. 23). This peperite zone

13 and 14). The spherulites are set in a dark gray groundmass, and are inferred to represent early, high-temperature devitrification of glassy consists of dark-colored, mostly blocky, subangular rhyolite fragments separated by disrupted, light gray-colored tuffaceous mudstone. References
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