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TABLE 3: GEOCHEMICAL DATA FOR EAST TIMBERED HILLS FELSIC AND DIABASE SAMPLES
Table 3: Geochemical data for East Timbered Hills felsic and diabase samples

Rhyolite flows in the East Timbered Hills

Normalized major elements (wt %)*

Sample: 277 281 298 375 389 392 272 285 290

SiO2 73.99 74.56 74.38 75.86 73.85 77.37 74.45 77.58 76.24
TiO2 0.41 0.39 0.39 0.29 0.38 0.29 0.24 0.21 0.24
Al2O3 12.38 12.53 12.49 12.17 12.49 12.35 12.60 10.32 11.92
FeO 3.26 3.35 3.32 2.86 3.55 1.55 3.42 2.92 2.71
MnO   0.11 0.07 0.07 0.03 0.06 0.04 0.03 0.03 0.08
MgO 0.13 0.15 0.30 0.05 0.55 0.14 0.03 0.06 0.00
CaO 1.29 0.37 0.66 0.09 0.46 0.11 0.41 0.06 0.09
Na2O 4.09 4.18 3.84 3.47 4.30 3.77 3.94 0.08 3.67
K2O 4.28 4.34 4.49 5.13 4.31 4.34 4.86 8.73 5.04
P2O5 0.06 0.06 0.06 0.03 0.05 0.03 0.02 0.01 0.02
LOI** 1.47 0.66 1.10 0.61 0.67 0.77 0.78 0.62 0.43
Total*** 97.97 98.71 98.05 98.32 98.46 98.58 98.95 98.53 98.28

Trace elements (ppm)
 Ni 3.31 3.61 2.91 2.70 1.80 2.10 2.41 2.81 0.90
 Cr 3.51 2.51 2.91 1.80 2.30 3.10 2.31 3.92 2.31
 Sc 5.93 5.53 5.86 3.78 5.30 3.76 3.36 2.99 3.42
 V 5.52 4.32 5.02 3.90 5.10 1.90 2.71 3.82 0.70
 Ba 956.17 1094.46 1036.90 1013.76 931.80 865.53 804.61 921.82 1206.63
 Rb 117.06 113.98 118.89 123.85 108.63 102.62 127.37 224.99 122.57
 Sr 72.86 73.56 65.18 46.70 57.39 41.86 35.53 24.73 27.72
 Zr 705.49 704.53 696.14 621.93 685.98 633.85 784.07 678.37 781.35
 Y 90.87 91.94 110.23 100.92 82.39 104.35 112.88 90.53 110.90
 Nb 56.70 57.02 56.57 58.89 56.67 58.87 67.50 57.00 66.03
 Ga 22.49 23.39 22.69 22.40 23.50 23.10 27.51 14.86 24.20
 Cu 5.72 3.82 2.61 1.70 3.70 3.60 1.41 4.32 2.51
 Zn 83.23 108.93 82.33 7.50 107.40 81.20 81.12 51.81 37.15
 Pb 13.34 14.41 6.62 7.71 14.11 11.72 7.98 8.96 6.34
 La 73.28 78.35 86.66 107.49 47.73 93.48 91.93 74.18 135.11
 Ce 164.97 160.72 168.88 173.06 105.98 174.10 168.55 125.84 182.45
 Th 10.92 11.17 10.94 11.77 11.09 12.04 12.13 10.41 12.19
Nd 81.85 85.16 91.84 109.13 55.21 102.38 100.34 83.20 132.74
U 3.01 2.97 2.83 3.11 3.03 3.23 3.19 2.69 3.51

 Upper Flow                                                                                                           Lower Flow                                           

Table 3: Geochemical data for East Timbered Hills felsic and diabase samples

Rhyolite flows in the East Timbered Hills

Normalized major elements (wt %)*

Sample: 277 281 298 375 389 392 272 285 290

SiO2 73.99 74.56 74.38 75.86 73.85 77.37 74.45 77.58 76.24
TiO2 0.41 0.39 0.39 0.29 0.38 0.29 0.24 0.21 0.24
Al2O3 12.38 12.53 12.49 12.17 12.49 12.35 12.60 10.32 11.92
FeO 3.26 3.35 3.32 2.86 3.55 1.55 3.42 2.92 2.71
MnO   0.11 0.07 0.07 0.03 0.06 0.04 0.03 0.03 0.08
MgO 0.13 0.15 0.30 0.05 0.55 0.14 0.03 0.06 0.00
CaO 1.29 0.37 0.66 0.09 0.46 0.11 0.41 0.06 0.09
Na2O 4.09 4.18 3.84 3.47 4.30 3.77 3.94 0.08 3.67
K2O 4.28 4.34 4.49 5.13 4.31 4.34 4.86 8.73 5.04
P2O5 0.06 0.06 0.06 0.03 0.05 0.03 0.02 0.01 0.02
LOI** 1.47 0.66 1.10 0.61 0.67 0.77 0.78 0.62 0.43
Total*** 97.97 98.71 98.05 98.32 98.46 98.58 98.95 98.53 98.28

Trace elements (ppm)
 Ni 3.31 3.61 2.91 2.70 1.80 2.10 2.41 2.81 0.90
 Cr 3.51 2.51 2.91 1.80 2.30 3.10 2.31 3.92 2.31
 Sc 5.93 5.53 5.86 3.78 5.30 3.76 3.36 2.99 3.42
 V 5.52 4.32 5.02 3.90 5.10 1.90 2.71 3.82 0.70
 Ba 956.17 1094.46 1036.90 1013.76 931.80 865.53 804.61 921.82 1206.63
 Rb 117.06 113.98 118.89 123.85 108.63 102.62 127.37 224.99 122.57
 Sr 72.86 73.56 65.18 46.70 57.39 41.86 35.53 24.73 27.72
 Zr 705.49 704.53 696.14 621.93 685.98 633.85 784.07 678.37 781.35
 Y 90.87 91.94 110.23 100.92 82.39 104.35 112.88 90.53 110.90
 Nb 56.70 57.02 56.57 58.89 56.67 58.87 67.50 57.00 66.03
 Ga 22.49 23.39 22.69 22.40 23.50 23.10 27.51 14.86 24.20
 Cu 5.72 3.82 2.61 1.70 3.70 3.60 1.41 4.32 2.51
 Zn 83.23 108.93 82.33 7.50 107.40 81.20 81.12 51.81 37.15
 Pb 13.34 14.41 6.62 7.71 14.11 11.72 7.98 8.96 6.34
 La 73.28 78.35 86.66 107.49 47.73 93.48 91.93 74.18 135.11
 Ce 164.97 160.72 168.88 173.06 105.98 174.10 168.55 125.84 182.45
 Th 10.92 11.17 10.94 11.77 11.09 12.04 12.13 10.41 12.19
Nd 81.85 85.16 91.84 109.13 55.21 102.38 100.34 83.20 132.74
U 3.01 2.97 2.83 3.11 3.03 3.23 3.19 2.69 3.51

 Upper Flow                                                                                                           Lower Flow                                           

Pr 20.36 21.26 22.65 27.26 13.80 25.37 24.68 21.10 33.66
Sm 18.24 19.29 20.53 23.28 12.73 23.13 22.33 17.92 28.12
Eu 3.74 3.93 4.33 3.96 2.70 4.00 3.68 2.88 4.58
Gd 17.10 17.93 20.67 21.64 12.59 22.23 21.28 15.75 25.15
Tb 2.90 3.02 3.34 3.42 2.35 3.59 3.55 2.76 3.90
Dy 18.00 18.29 19.80 20.15 15.80 21.08 21.78 17.50 22.65
Ho 3.58 3.66 3.96 3.97 3.37 4.10 4.38 3.55 4.36
Er 9.86 9.99 10.52 10.68 9.63 10.83 11.87 9.79 11.78
Tm 1.45 1.49 1.50 1.54 1.45 1.56 1.76 1.45 1.72
Yb 8.99 9.19 9.33 9.62 9.07 9.72 10.89 9.02 10.46
Lu 1.37 1.41 1.44 1.44 1.39 1.50 1.64 1.38 1.60
Hf 17.97 17.95 17.64 16.59 17.64 17.08 20.00 17.63 20.17
Ta 3.64 3.71 3.70 3.87 3.67 3.88 4.27 3.74 4.25
Cs 0.87 1.13 0.88 1.37 0.92 0.91 0.78 0.91 0.45

Hypabyssal Felsic Intrusions in the East Timbered Hills

Type III Type IV

Normalized major elements (wt %)*

Sample: 279 286 320b 391 323 324 267 282e

SiO2 79.16 78.06 78.27 78.01 77.31 77.83 75.86 76.65
TiO2 0.13 0.13 0.13 0.14 0.22 0.23 0.24 0.26
Al2O3 10.47 10.96 11.08 11.12 10.89 10.94 11.90 12.38
FeO 2.41 2.66 2.34 2.50 4.44 3.71 3.23 1.33
MnO   0.01 0.01 0.03 0.01 0.01 0.01 0.09 0.02
MgO 0.04 0.11 0.08 0.10 0.20 0.25 0.00 0.08
CaO 0.07 0.15 0.05 0.07 0.08 0.07 0.10 0.10
Na2O 2.46 2.67 3.32 2.66 1.48 1.69 4.01 2.93
K2O 5.24 5.25 4.70 5.38 5.34 5.27 4.56 6.24
P2O5 0.01 0.00 0.00 0.01 0.01 0.01 0.02 0.02
LOI** 0.63 0.68 0.43 0.74 1.49 1.33 0.30 0.49
Total*** 98.68 98.15 98.40 97.43 97.35 97.41 98.98 99.09

Trace elements (ppm)
 Ni 2.81 2.21 1.61 1.30 2.91 2.71 3.01 3.01
 Cr 4.22 3.21 3.82 2.80 3.71 4.32 3.82 2.91
 Sc 0.07 0.08 0.22 0.02 0.41 0.38 3.39 2.21
 V 4.72 3.11 2.01 4.40 0.10 2.91 2.21 1.31
 Ba 67.32 57.13 71.92 71.00 171.87 134.72 917.69 496.39
 Rb 153.24 158.42 136.25 177.48 159.53 143.67 114.89 196.08
 Sr 13.22 9.75 10.96 10.52 19.63 16.68 30.06 59.58

         Type I                                                                         Type II                     



Carlton Rhyolite Group and diabase intrusions, Arbuckle Mountains

Oklahoma Geological Survey Guidebook 38 173

TABLE 3: GEOCHEMICAL DATA FOR EAST TIMBERED HILLS FELSIC AND DIABASE SAMPLES, CONTINUED

Pr 20.36 21.26 22.65 27.26 13.80 25.37 24.68 21.10 33.66
Sm 18.24 19.29 20.53 23.28 12.73 23.13 22.33 17.92 28.12
Eu 3.74 3.93 4.33 3.96 2.70 4.00 3.68 2.88 4.58
Gd 17.10 17.93 20.67 21.64 12.59 22.23 21.28 15.75 25.15
Tb 2.90 3.02 3.34 3.42 2.35 3.59 3.55 2.76 3.90
Dy 18.00 18.29 19.80 20.15 15.80 21.08 21.78 17.50 22.65
Ho 3.58 3.66 3.96 3.97 3.37 4.10 4.38 3.55 4.36
Er 9.86 9.99 10.52 10.68 9.63 10.83 11.87 9.79 11.78
Tm 1.45 1.49 1.50 1.54 1.45 1.56 1.76 1.45 1.72
Yb 8.99 9.19 9.33 9.62 9.07 9.72 10.89 9.02 10.46
Lu 1.37 1.41 1.44 1.44 1.39 1.50 1.64 1.38 1.60
Hf 17.97 17.95 17.64 16.59 17.64 17.08 20.00 17.63 20.17
Ta 3.64 3.71 3.70 3.87 3.67 3.88 4.27 3.74 4.25
Cs 0.87 1.13 0.88 1.37 0.92 0.91 0.78 0.91 0.45

Hypabyssal Felsic Intrusions in the East Timbered Hills

Type III Type IV

Normalized major elements (wt %)*

Sample: 279 286 320b 391 323 324 267 282e

SiO2 79.16 78.06 78.27 78.01 77.31 77.83 75.86 76.65
TiO2 0.13 0.13 0.13 0.14 0.22 0.23 0.24 0.26
Al2O3 10.47 10.96 11.08 11.12 10.89 10.94 11.90 12.38
FeO 2.41 2.66 2.34 2.50 4.44 3.71 3.23 1.33
MnO   0.01 0.01 0.03 0.01 0.01 0.01 0.09 0.02
MgO 0.04 0.11 0.08 0.10 0.20 0.25 0.00 0.08
CaO 0.07 0.15 0.05 0.07 0.08 0.07 0.10 0.10
Na2O 2.46 2.67 3.32 2.66 1.48 1.69 4.01 2.93
K2O 5.24 5.25 4.70 5.38 5.34 5.27 4.56 6.24
P2O5 0.01 0.00 0.00 0.01 0.01 0.01 0.02 0.02
LOI** 0.63 0.68 0.43 0.74 1.49 1.33 0.30 0.49
Total*** 98.68 98.15 98.40 97.43 97.35 97.41 98.98 99.09

Trace elements (ppm)
 Ni 2.81 2.21 1.61 1.30 2.91 2.71 3.01 3.01
 Cr 4.22 3.21 3.82 2.80 3.71 4.32 3.82 2.91
 Sc 0.07 0.08 0.22 0.02 0.41 0.38 3.39 2.21
 V 4.72 3.11 2.01 4.40 0.10 2.91 2.21 1.31
 Ba 67.32 57.13 71.92 71.00 171.87 134.72 917.69 496.39
 Rb 153.24 158.42 136.25 177.48 159.53 143.67 114.89 196.08
 Sr 13.22 9.75 10.96 10.52 19.63 16.68 30.06 59.58

         Type I                                                                         Type II                     

 Zr 779.48 810.37 790.22 831.36 2022.00 2016.91 776.07 322.57
 Y 121.99 106.95 101.70 111.42 189.60 211.17 109.46 61.49
 Nb 150.23 161.11 151.75 182.78 278.01 264.66 66.76 96.81
 Ga 21.69 22.29 25.20 28.90 31.53 31.32 25.20 16.97
 Cu 15.46 4.22 9.54 5.40 5.12 3.92 5.12 2.71
 Zn 15.76 27.61 31.53 39.70 147.09 76.00 24.30 41.47
 Pb 11.95 5.98 4.82 15.37 22.51 18.31 15.04 43.11
 La 116.70 82.11 84.31 115.84 94.80 171.97 103.45 81.35
 Ce 126.81 172.22 177.93 149.12 235.68 247.60 193.42 184.85
 Th 20.60 20.50 20.87 23.21 28.83 28.93 12.11 20.34
Nd 110.27 81.40 83.53 112.40 108.98 177.55 110.07 65.53
U 4.58 4.30 4.67 4.95 7.34 7.67 3.45 4.66
Pr 29.79 21.67 22.35 30.24 27.97 45.68 27.28 19.04
Sm 24.86 19.16 19.23 24.98 26.27 39.97 24.12 12.48
Eu 0.33 0.22 0.24 0.35 1.27 1.79 3.95 1.03
Gd 21.56 17.73 17.34 21.82 24.93 36.71 22.65 9.96
Tb 3.49 3.05 3.05 3.55 5.02 6.57 3.66 1.85
Dy 20.77 19.02 19.19 21.83 35.26 40.92 21.93 12.06
Ho 4.21 3.97 3.98 4.48 7.69 8.36 4.30 2.46
Er 11.90 11.23 11.35 12.66 22.64 23.35 11.60 7.12
Tm 1.79 1.72 1.72 1.90 3.41 3.43 1.71 1.10
Yb 11.21 10.73 10.83 12.01 21.31 21.41 10.59 7.00
Lu 1.68 1.63 1.61 1.82 3.23 3.23 1.61 1.05
Hf 22.81 23.50 22.74 25.20 45.99 46.09 20.21 9.92
Ta 10.47 10.95 10.48 11.98 17.45 17.43 4.29 6.80
Cs 0.45 0.40 0.34 0.61 0.76 0.62 0.26 0.45

Diabase Intrusions in the East Timbered Hills

Normalized major elements (wt %)*

Sample: 274 282A 318 369 386 387 388

SiO2 50.08 49.16 49.26 50.08 47.47 47.42 51.63
TiO2 1.92 2.14 2.47 1.63 2.11 2.07 2.12
Al2O3 13.99 14.36 13.66 16.02 15.63 15.68 14.35
FeO 13.61 12.73 13.69 11.95 12.93 12.66 12.12
MnO   0.21 0.23 0.23 0.20 0.23 0.23 0.23
MgO 6.26 6.77 6.59 5.72 7.51 7.57 6.67
CaO 9.19 10.21 9.38 9.24 10.59 10.74 7.41
Na2O 2.51 2.56 2.73 2.67 2.38 2.30 2.67
K2O 1.88 1.39 1.48 2.18 0.88 1.08 2.47
P2O5 0.36 0.45 0.51 0.32 0.27 0.26 0.34
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TABLE 3: GEOCHEMICAL DATA FOR EAST TIMBERED HILLS FELSIC AND DIABASE SAMPLES, CONTINUED

 Zr 779.48 810.37 790.22 831.36 2022.00 2016.91 776.07 322.57
 Y 121.99 106.95 101.70 111.42 189.60 211.17 109.46 61.49
 Nb 150.23 161.11 151.75 182.78 278.01 264.66 66.76 96.81
 Ga 21.69 22.29 25.20 28.90 31.53 31.32 25.20 16.97
 Cu 15.46 4.22 9.54 5.40 5.12 3.92 5.12 2.71
 Zn 15.76 27.61 31.53 39.70 147.09 76.00 24.30 41.47
 Pb 11.95 5.98 4.82 15.37 22.51 18.31 15.04 43.11
 La 116.70 82.11 84.31 115.84 94.80 171.97 103.45 81.35
 Ce 126.81 172.22 177.93 149.12 235.68 247.60 193.42 184.85
 Th 20.60 20.50 20.87 23.21 28.83 28.93 12.11 20.34
Nd 110.27 81.40 83.53 112.40 108.98 177.55 110.07 65.53
U 4.58 4.30 4.67 4.95 7.34 7.67 3.45 4.66
Pr 29.79 21.67 22.35 30.24 27.97 45.68 27.28 19.04
Sm 24.86 19.16 19.23 24.98 26.27 39.97 24.12 12.48
Eu 0.33 0.22 0.24 0.35 1.27 1.79 3.95 1.03
Gd 21.56 17.73 17.34 21.82 24.93 36.71 22.65 9.96
Tb 3.49 3.05 3.05 3.55 5.02 6.57 3.66 1.85
Dy 20.77 19.02 19.19 21.83 35.26 40.92 21.93 12.06
Ho 4.21 3.97 3.98 4.48 7.69 8.36 4.30 2.46
Er 11.90 11.23 11.35 12.66 22.64 23.35 11.60 7.12
Tm 1.79 1.72 1.72 1.90 3.41 3.43 1.71 1.10
Yb 11.21 10.73 10.83 12.01 21.31 21.41 10.59 7.00
Lu 1.68 1.63 1.61 1.82 3.23 3.23 1.61 1.05
Hf 22.81 23.50 22.74 25.20 45.99 46.09 20.21 9.92
Ta 10.47 10.95 10.48 11.98 17.45 17.43 4.29 6.80
Cs 0.45 0.40 0.34 0.61 0.76 0.62 0.26 0.45

Diabase Intrusions in the East Timbered Hills

Normalized major elements (wt %)*

Sample: 274 282A 318 369 386 387 388

SiO2 50.08 49.16 49.26 50.08 47.47 47.42 51.63
TiO2 1.92 2.14 2.47 1.63 2.11 2.07 2.12
Al2O3 13.99 14.36 13.66 16.02 15.63 15.68 14.35
FeO 13.61 12.73 13.69 11.95 12.93 12.66 12.12
MnO   0.21 0.23 0.23 0.20 0.23 0.23 0.23
MgO 6.26 6.77 6.59 5.72 7.51 7.57 6.67
CaO 9.19 10.21 9.38 9.24 10.59 10.74 7.41
Na2O 2.51 2.56 2.73 2.67 2.38 2.30 2.67
K2O 1.88 1.39 1.48 2.18 0.88 1.08 2.47
P2O5 0.36 0.45 0.51 0.32 0.27 0.26 0.34
LOI** 1.31 1.83 1.28 2.00 1.57 1.82 2.21
Total*** 98.92 98.26 98.58 97.58 98.64 97.27 96.92

Trace elements (ppm)
 Ni 51.94 61.91 58.72 56.30 88.70 85.40 58.5
 Cr 46.36 118.44 91.72 44.10 78.80 87.90 82.3
 Sc 40.71 40.54 41.02 32.66 33.03 36.25 36.79
 V 338.28 307.87 342.77 290.10 307.90 310.20 303.6
 Ba 366.18 449.38 515.45 424.15 335.17 362.67 723.50
 Rb 105.08 63.87 55.80 80.42 35.67 50.30 116.59
 Sr 428.06 468.74 451.38 392.20 449.66 478.01 466.53
 Zr 110.06 115.63 136.12 100.56 103.17 95.51 149.95
 Y 24.30 24.36 27.83 22.01 19.90 19.20 27.74
 Nb 19.76 19.11 22.16 17.89 18.90 17.50 24.50
 Ga 17.75 17.65 18.84 18.70 19.00 19.40 18.10
 Cu 162.41 120.34 125.82 135.00 150.70 164.10 110.80
 Zn 109.47 106.88 147.76 110.10 105.50 112.10 117.00
 Pb 4.14 3.45 5.35 9.11 6.51 17.71 5.79
 La 21.05 20.63 23.68 18.70 16.72 15.66 31.29
 Ce 43.65 44.54 50.94 39.35 36.61 34.41 64.26
 Th 1.85 1.18 1.58 1.74 1.30 1.17 4.01
Nd 23.20 25.14 28.26 20.82 20.75 19.70 31.19
U 0.45 0.30 0.39 0.42 0.35 0.31 0.90
Pr 5.57 5.92 6.76 4.99 4.83 4.58 7.86
Sm 5.21 5.52 6.19 4.61 4.65 4.43 6.32
Eu 1.77 2.00 2.26 1.57 1.71 1.66 1.78
Gd 4.94 5.23 5.90 4.50 4.61 4.34 5.79
Tb 0.80 0.82 0.93 0.72 0.71 0.69 0.92
Dy 4.76 4.87 5.52 4.38 4.27 4.05 5.53
Ho 0.98 0.99 1.12 0.89 0.81 0.79 1.08
Er 2.58 2.64 2.98 2.36 2.12 2.04 2.97
Tm 0.37 0.36 0.43 0.33 0.29 0.28 0.42
Yb 2.27 2.27 2.56 2.07 1.75 1.70 2.62
Lu 0.35 0.35 0.40 0.33 0.26 0.27 0.42
Hf 2.79 2.81 3.32 2.55 2.69 2.48 3.82
Ta 1.24 1.17 1.38 1.10 1.24 1.14 1.54
Cs 3.38 0.36 0.61 0.77 0.68 0.62 0.89
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TABLE 3: GEOCHEMICAL DATA FOR EAST TIMBERED HILLS FELSIC AND DIABASE SAMPLES, CONTINUED

Rhyolites in the Kaiser Francis-Westheimer Neustadt 1 Chapman well

Normalized major elements (wt %)*

Sample: 22-1 22-2 22-3 22-4 22-5

SiO2 76.39 76.39 75.67 74.85 76.49
TiO2 0.19 0.19 0.23 0.22 0.21
Al2O3 11.99 11.77 11.94 12.63 12.19
FeO 2.43 2.85 3.17 2.50 1.96
MnO   0.03 0.02 0.03 0.04 0.02
MgO 0.21 0.09 0.11 0.11 0.07
CaO 0.56 0.26 0.24 0.99 0.41
Na2O 3.54 3.55 3.72 4.03 3.40
K2O 4.64 4.85 4.86 4.62 5.23
P2O5 0.01 0.02 0.02 0.02 0.02
LOI** 1.42 0.82 0.22 1.31 0.92
Total*** 97.36 98.36 99.51 97.95 97.92

Trace elements (ppm)
 Ni 3.90 2.90 1.60 4.00 3.40
 Cr 9.10 2.60 3.20 10.40 8.60
 Sc 2.82 2.79 3.62 1.60 1.25
 V 9.00 5.70 2.20 5.20 3.50
 Ba 926.25 935.19 1116.39 1367.03 1347.17
 Rb 117.00 123.91 117.62 116.05 123.56
 Sr 43.51 36.54 39.43 53.19 39.48
 Zr 710.85 712.05 779.62 687.44 666.79
 Y 92.06 94.32 104.33 96.56 96.97
 Nb 54.26 52.48 59.27 89.69 87.21
 Ga 21.10 19.70 22.60 22.90 22.70
 Cu 7.80 7.70 6.10 9.70 6.20
 Zn 132.80 30.50 34.80 67.10 89.30
 Pb 10.45 12.10 14.05 13.19 13.80
 La 71.51 77.55 79.86 96.56 94.91
 Ce 158.79 172.97 177.82 206.81 202.74
 Th 11.57 11.62 11.75 10.78 10.59
Nd 79.29 87.02 90.00 98.17 96.66
U 2.73 2.85 3.31 2.73 2.46
Pr 20.07 21.83 22.58 25.35 24.83
Sm 18.05 19.45 20.26 20.40 20.43
Eu 2.89 3.26 3.59 3.47 3.42
Gd 16.92 18.30 18.97 18.10 17.96
Tb 2.93 3.05 3.24 3.05 3.06
Dy 18.40 18.71 20.25 18.77 18.73
Ho 3.69 3.70 4.06 3.82 3.80
Er 10.14 10.31 11.26 10.69 10.70
Tm 1.49 1.51 1.66 1.60 1.59
Yb 9.30 9.38 10.17 9.97 9.97
Lu 1.41 1.42 1.54 1.55 1.54
Hf 18.46 18.32 19.80 18.04 17.52
Ta 3.70 3.39 3.81 5.54 5.39
Cs 0.62 0.56 0.51 0.52 0.42
 * Major elements are normalized to 100% on a volatile-free basis 
** Loss on ignition    ***Total before normalization
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Figure 22. Harker diagrams for major oxides for felsic rocks in ETH and KFWNC well.
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ing within the main part of the flow; flow breccia is also 
lacking. The flow underwent a simple cooling history after 
emplacement based on the uniformly developed columnar 
jointing throughout the flow and the progressive increase in 
size of randomly oriented tridymite needles in the ground-
mass toward the flow interior, where cooling occurred at 
the slowest rate.

Geochemical data indicate that the flow records erup-
tion of compositionally heterogeneous magma. However, 
the simple cooling history after emplacement led to a con-
sistent vertical sequence of textural zones in the flow, with 
originally glassy zones along the base and top of the flow, 
which pass inward into spherulitic zones and then into a 
homogeneous felsitic interior, where the coarsest tridymi-
te needles appear. This vertical textural zonation is sim-
ilar to that shown by most rhyolite flows in the Wichita 
Mountains, which are inferred to be remnants of laterally 
extensive lavas (Hanson and Eschberger, this guidebook). 
The longest known lava flow in the Wichitas (the Fort Sill 
rhyolite) can be traced laterally for ~18.5 km, but its to-
tal extent may have been considerably greater because the 
flow is either truncated by intrusive granite or goes beneath 
Permian and Quaternary cover (Finegan and Hanson, this 
guidebook). The upper flow in the ETH may have had a 
similar large extent, although this is now impossible to de-
termine because the flow is truncated by faults along three 
sides. In any case, it is the thickest rhyolite flow so far 
documented in the Southern Oklahoma Aulacogen and is 

substantially thicker than the thickest flow present in the 
Wichitas (400 m). A likely interpretation is that the flow 
was ponded against the northern fault-bounded margin of 
the rift zone, which would have been a short distance north 
of the present position of the ETH (Ham et al., 1964).

The original dimensions of the lower rhyolite flow in 
the ETH are also unknown, but with a thickness >300 m it 
is thicker than all but one of the rhyolite flows documented 
in the Wichitas. It differs from the upper rhyolite flow and 
from most flows in the Wichitas in that it is pervasively flow 
banded and has thick flow breccia at the top. Much of the 
flow remained glassy after early high-temperature devitri-
fication, even in the flow interior, and tridymite needles are 
lacking. These characteristics suggest that the unit represents 
a laterally restricted lava dome or coulee that underwent rel-
atively rapid cooling. Unlike the upper flow, the lower flow 
represents extrusion of chemically homogeneous magma.

A significant pause in eruptive activity in the area is 
recorded by the 60-m-thick bedded volcaniclastic sequence 
that separates the two flows. Planar-laminated tuff within 
the sequence was likely derived from vents located some 
distance from the study area. Deposition is inferred to have 
occurred in a lake; otherwise, it is difficult to see how the 
fine-grained ash beds could have been preserved without 
being reworked by running water or wind. Intense soft-sed-
iment folding of parts of the sequence may record seismic 
activity within the developing rift, particularly given the 
proximity to the northern rift margin. The poorly sorted, 
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Figure 23. Igneous spectrum diagram of Hughes (1972) for felsic rocks.
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with the field for the Wichita rhyolites, but a number of the 
samples fall outside that field, pointing to compositional 
variations in the felsic magmas emplaced in different parts 
of the rift zone. The Type I and Type II intrusions fall much 
farther into the peralkaline field than the other Arbuckle 
samples, consistent with the highly fractionated nature of 
these two types of intrusions.

The Arbuckle data show a tendency to cluster into dis-
crete groups in Figure 25A, but these groups are better re-
solved in bivariate plots of immobile trace elements (Figs. 
25B, 25C, and 25D). The rhyolite lavas in the ETH and 
KFWNC well and the Type III intrusion in the ETH de-
fine a single geochemical group in those figures, and we 
infer that these units were derived from a single source or 
magma reservoir. Intrusions of Types I, II, and IV represent 
compositionally distinct magmas. 

Normalized multi-element and REE patterns for the Ar-
buckle felsic rocks generally compare closely with the data 
for the Carlton Rhyolite in the Wichita Mountains (Fig. 26). 
However, the Type II intrusions in the ETH typically show 
higher contents of incompatible trace elements resistant to 
secondary alteration and much stronger depletions in Ba 
than seen in any of the rhyolites in the Wichitas (Fig. 26E). 
The Type I intrusions in the ETH show even more substan-
tial Ba depletion as well as the most pronounced negative 
Eu anomalies. These two types of intrusions are, in fact, 
the most highly fractionated rhyolites so far documented 
in the Wichita igneous province. They also plot farther into 
the OIB field in Figure 27E, although this could reflect the 
effects of pyroxene fractionation on the Ce/Nb ratio rather 
than being a direct indication of source composition (Eby, 
1990). It is also interesting to note in this diagram that most 
of the other Arbuckle data plot significantly closer to aver-
age continental crust than the Wichita rhyolites, suggesting 
that older crust played a more important role in the petro-
genesis of the felsic magmas in the Arbuckle region.

Eleven diabase bodies, the majority of which are dikes, 
have been mapped intruding the rhyolite in the ETH. Ad-
ditional examples undoubtedly occur in poorly exposed 
parts of the study area, but the diabases are clearly much 
less abundant in the ETH than in exposed Mesoproterozoic 
crystalline rocks near the northern margin of the rift in the 
eastern Arbuckles, where they occupy as much as ~30% 
of the rock volume (Hanson et al., 2013, Lidiak et al.,  
paper, this guidebook). Our observations are consistent 
with those of Denison (1995), who pointed out that the 
marked difference in the number of diabase intrusions in 
the Mesoproterozoic basement relative to those intruding 
Carlton Rhyolite in adjacent areas indicates that most of 

massively bedded conglomerate units in the upper part of 
the sequence are inferred to represent debris-flow deposits 
emplaced within the lake. The presence of a thin peperite 
zone at the base of the upper flow indicates that the lacus-
trine deposits were still wet and unconsolidated when the 
lava moved across them. However, the flow shows no ev-
idence for large-scale interaction with external water, sug-
gesting that the lake may have contained little water when 
the lava encountered it.

In the KFWNC well to the southeast of the ETH, four-
teen rhyolite flows occur over a depth of ~1.15 km. These 
flows show some petrographic similarities to the two flows 
in the ETH, but it is not possible to find a complete match 
in groundmass texture and phenocryst content between 
the two exposed flows and any of the subsurface exam-
ples. Overall, the volcanic stratigraphy exposed in the ETH 
cannot be traced into the KFWNC well. This may reflect 
lateral facies changes in the rhyolitic volcanic succession 
over that distance or offset between the two areas along 
Pennsylvanian or Cambrian (rift-related) faults.

Hypabyssal felsic intrusions make up an important part 
of the Carlton Rhyolite exposed in the ETH, and similar 
intrusions also occur in the KFWNC well. They were clear-
ly emplaced in a shallow, subvolcanic setting, but some 
cooled slowly enough to develop phaneritic textures. In the 
ETH, four different lithological and geochemical types of 
intrusions are present, adding considerably to the compo-
sitional diversity of the ETH rhyolites. Similar felsic in-
trusions locally occur within the Carlton Rhyolite exposed 
in the Wichita Mountains, but they are rare (Finegan and 
Hanson, this guidebook; Hanson et al., this guidebook). 
Their relative abundance in the ETH and adjacent parts of 
the subsurface suggests that this area was located in a more 
proximal setting relative to the source vents during devel-
opment of the rhyolitic volcanic field.

The map patterns of the intrusions exposed in the ETH 
range from ellipsoidal to highly irregular, and some of 
these intrusions probably have complicated shapes in three 
dimensions. It is likely that the smaller intrusions represent 
offshoots from larger bodies. Why the intrusions developed 
these complex shapes is unclear. They may have been em-
placed during a period of time when tensional stresses in 
the rift zone were at a minimum so that dike injection was 
not favored.

Our geochemical data for the rhyolites in the ETH and 
KFWNC well are compared to available data for the Carl-
ton Rhyolite exposed in the Wichita Mountains in Figures 
25A, 26, and 27. In the Winchester and Floyd (1977) di-
agram (Fig. 25A), some of the Arbuckle samples overlap 
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Figure 26. (A) Multi-element diagram for all felsic samples. (B) REE diagram for all felsic samples. (C) 
Multi-element diagram for rhyolite lava flows in ETH and KFWNC well. (D) REE diagram for rhyolite 
lava flows in ETH and KFWNC well. (E) Multi-element diagram for hypabyssal felsic intrusions in ETH 
(Types I–IV). (F) REE diagram for hypabyssal felsic intrusions in ETH (Types I–IV). Normalization values 
in diagrams are from Sun and McDonough (1989). Data for Carlton Rhyolite in the Wichita Mountains are 
shown by gray fields; see Figure 25A caption for sources.
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the dikes were emplaced prior to rhyolite extrusion.
In the ETH, the diabases intrude both the upper and 

lower rhyolite flows and the intervening bedded volcani-
clastic rocks. None have been found close to the hypabyssal 
felsic intrusions in the area, and temporal relations between 
the two suites of intrusions are unclear. Both the major- and 
trace-element contents of the diabases overlap with or plot 
close to data for diabase intrusions and the Roosevelt gab-
bros in the Wichita Mountains, although the ETH diabases 
have lower TiO2 contents than most of the Wichita samples. 
In general, our data suggest that the diabases in the ETH 
and the diabases and Roosevelt gabbros in the Wichitas 
were derived from similar sources and experienced similar 
petrogenetic histories in these different parts of the rift. 
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Figure 29. (A) Multi-element diagram for diabase in-
trusions in ETH. (B) REE diagram for diabase intru-
sions in ETH. Normalization values in diagrams are 
from Sun and McDonough (1989). Data for diabase 
intrusions and Roosevelt gabbros in the Wichita Moun-
tains are from Aquilar (1988) (other data sets from the 
Wichita Mountains are incomplete).
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Figure 30. (A) Data for ETH diabase intrusions plotted on discrimination diagram of Win-
chester and Floyd (1977). (B) Zr-Ti-Y discrimination diagram of Pearce and Cann (1973). (C) 
Zr/Y versus Zr discrimination diagram of Pearce and Norry (1979). (D) Zr/4-Nb*2-Y discrim-
ination diagram of Meschede (1986). (E) Ti/Y versus Nb/Y discrimination diagram of Pearce 
(1982). (F) Nb/Y versus Zr/(P2O5*104) discrimination diagram of Floyd and Winchester (1975). 
Data for diabase intrusions and Roosevelt gabbros in the Wichita Mountains are from sources 
given in caption for Figure 28.
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