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taken from localities 25 km apart reveal only minor dif-
ferences in composition.  It is low-calcium, metaluminous, 
and enriched in La, Y, and Yb; typical of within-plate and 
A-type granites (Hogan and Gilbert, 1995; Weaver and Gil-
bert, 1986).  The normative Q-Ab-Or concentrations place 
it between the dry minimum and wet eutectic compositions 
at 400 MPa (Fig. 5).  Lanthanide elements normalized to 
chondrite meteorite (i.e., Bulk Earth) compositions gener-
ally decrease with increasing atomic number and show a 
pronounced europium anomaly (Fig. 6).

Rush Lake Granite

The Rush Lake Granite is a recently defined unit, first 
recognized as a separate lithodemic unit in unpublished 
mapping in Price (1998), and incorporated into the Lawton 
Quadrangle 1:100 000 geologic map (Stanley et al., 2005).  

Price (1998) argued that the unit is texturally distinct, in 
part because it lacks the ovoid + enclave assemblage so 
common to the Mount Scott Granite.  The author also noted 
significant geochemical differences. Prior to this new map-
ping, the granite was included as part of the Mount Scott 
Granite (Facies B) (Myers et al., 1981).

The Rush Lake Granite is red weathering to brick-red 
and orange.  Relatively unweathered exposures are rare, as 
its small volume is mostly limited to valleys.  It is porphy-
ritic with mostly angular pink alkali feldspar phenocrysts 
surrounded by variable amounts of granophyre (Fig. 2B).  
Granophyre growth boundaries are well defined in coarser 
samples by distinctive “chains” of quartz crystals (typically 
< 1 mm wide and 2 to 3 cm long).  The rock color index var-
ies from 3 to 5 vol. %, and contains biotite, hornblende, and 
oxides, and in most samples the mafic silicates have been 
extensively altered to chlorite and clay minerals.  Acces-
sory minerals include apatite, fluorite, zircon, and allanite.  
The rock contains abundant 2 to 50 mm diameter miarolitic 
cavities and microscopic to 3-cm-wide quartz veins.
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Figure 3.  Compiled image of Red-Green-Blue (RGB) 
filtered electron-beam induced cathodoluminescent 
(CL) emissions on quartz in the Mount Scott Gran-
ite.  Although not optically resolvable, CL reveals that 
quartz phenocrysts have cores that emit lower-intensity 
blue light and rims that emit higher-intensity blue light.  
A sharp boundary separates the core from the rim.   
Electron Microprobe Analysis (EMPA) reveals that this 
change is due to core-to-rim increases in Ti substituting 
for Si in the quartz.  Red CL results from Fe emission 
from hematite grains, veins, disseminated particles.

������

���������������	�


Figure 4.  Cross-polarized optical micrograph of grano-
phyric texture in Mount Scott Granite.  Granophyre is 
the intergrowth of alkali feldspar and quartz attribut-
ed to significant magma undercooling during crystal-
lization.   All of the Mount Scott Intrusive Suite units 
exhibit granophyric texture, principally nucleated on 
feldspar and, to a lesser extent, on quartz crystals.
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Compositionally, the Rush Lake Granite is a low-calci-
um, metaluminous, alkali feldspar granite (Table 1).  Lim-
ited sampling reveals that the unit is compositionally het-
erogeneous, with analyses pointing to at least two chemical 
types.  Type A is represented by a sample taken from the 
westernmost exposures of the granite near Rush Lake that 
contains relatively low amounts of Fe, Mn, Ti, and (most 
significantly) Ba (Table 1).  It has relatively elevated SiO2 
and, at 75.8 wt.%, it is one of the most silica-rich felsic 
rocks within the province.  It also has the greatest euro-
pium anomaly of the units considered here (Fig. 6).  Type 
B is represented by the average of two analyses from the 
eastern outcrops.  This type most notably contains subequal 
amounts of Na2O and K2O (Table 1). 

Compared to Mount Scott Granite, Type A Rush Lake 
shows minor enrichment of Nb, La, and Ce.  This differs 
from the trend exhibited by the Type B Rush Lake and 
Medicine Park Granites, but is similar to the Saddle Moun-
tain Granite.  Type A also shows the greatest decrease in 
Ba (43%) and Sr (82%) relative to the Mount Scott Gran-
ite.  Type B, on the other hand, shows broad similarities in 
composition with the Mount Scott Granite.  Generally, it is 
relatively enriched in K, Rb, Th but strongly depleted in Sr, 
and slightly depleted in Ba, the REE’s, and Zn.  Both types 
plot near the Q-Ab-Or range for the Mount Scott Granite, 
but type A is relatively enriched in normative quartz while 
type B is relatively enriched in normative albite (Fig. 5).

Medicine Park Granite

The Medicine Park Granite was first recognized by 
Johnson and Denison (1973) and subsequently described 
by Myers et al. (1981) and Gilbert and Powell (1988).  The 
rock is pink-purple weathering to dark red, porphyritic with 
small angular orange-pink alkali-feldspar phenocrysts in a 
largely granophyric matrix (Fig. 2C).  The color index is 
extremely low; the rock contains 1 to 2 vol.% altered maf-
ic silicates (probable pseudomorphs after hornblende) and 
oxides.  Myers et al. (1981) reported the rock to be “py-
roxene-bearing in places;” but pyroxenes were not present 
in samples collected by Price (1998).  Oxides are typically 
rounded and rimmed with a thin mantle of titanite.  Other 
accessory phases include apatite and zircon that occur as 
glomerocrysts with the mafic phases.  Small quartz veins 
(2 to 6 mm wide) are common.

The Medicine Park Granite is unique among the gran-
ites described here, because it alone contains normative 
corundum (1%; Myers et al., 1981).  Compositionally the 
Medicine Park Granite is evolved with elevated concentra-

tions of SiO2 and Rb and relatively low amounts of CaO, 
P2O5, and mafic components.

Despite differences, the Medicine Park Granite is sim-
ilar to the Mount Scott Granite and falls on the quartz-en-
riched end of the same range of normative Q-Ab-Or.  It is 
relatively enriched in K, Rb, Th but strongly depleted in 
Sr, and slightly depleted in Ba, the REE’s, and Zn, making 
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Table 1. Composition of the units in the Mount Scott Granite Intrusive Suite 
  Mount 

Scott 
Granite 

Medicine 
Park 

Granite 

 
Rush Lake Granite 

Saddle 
Mtn. 

Granite* 
  Avg Avg Type A  Type B 

Avg 
Avg. 

 Major element oxides in wt.% 
 SiO2 72.8 75.6 75.8 73.0 72.8 
 TiO2 0.44 0.21 0.15 0.31 0.46 
 Al2O3 12.5 11.9 11.6 12.1 12.5 
 Fe2O3 3.54 2.35 1.87 2.76 3.88 
 MnO 0.08 0.02 0.01 0.02 0.08 
 MgO 0.35 0.05 0.06 0.26 0.38 
 CaO 1.22 0.45 0.28 0.63 1.11 
 Na2O 3.96 3.84 3.76 4.46 3.62 
 K2O 4.24 4.61 5.07 4.27 4.35 
 P2O5 0.07 0.01 0.02 0.06 0.07 
 LOI 0.17 n.d. 0.64 0.85 n.d. 
 Total 99.30 99.03 99.28 98.73 99.27 
 Trace elements in ppm 
 Ba 1130 1080 664 963 1135 
 Rb 128.3 145.5 163.4 148.5 136.5 
 Nb 90 84 101 82 81 
 Ta 8 8 9 7 8 
 Sr 97 41 17 51 104 
 Zr 547 476 344 529 594 
 Y 109 93 81 75 107 
 Zn 128 48 71 99 94 
 La 88.6 82.9 90.9 70.2 91.5 
 Ce 190.7 165.9 201.5 145.3 189.0 
 Pr 20.5 n.d. 20.6 18.7 n.d. 
 Nd 97.4 88.3 91.4 77.2 91.0 
 Sm 21.4 20.4 17.5 17.4 20.2 
 Eu 3.8 2.6 1.5 2.7 3.1 
 Gd 20.6 n.d. 17.8 17.6 n.d. 
 Tb 3.3 3.0 2.8 2.6 3.0 
 Dy 19.5 n.d. 15.5 14.0 n.d. 
 Ho 4.0 n.d. 3.0 2.9 n.d. 
 Er 11.7 n.d. 9.1 8.5 n.d. 
 Tm 1.6 n.d. 1.3 1.2 n.d. 
 Yb 10.0 8.9 8.6 8.5 9.8 
 Lu 1.4 1.4 1.4 1.3 1.6 
 Hf 17 14 12 16 16 
 Th 13 15 17 15 14 
 F 1785 n.d. 1370 2570 n.d. 
*Includes data from Weaver and Gilbert (1986, unpublished). 
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much of its composition virtually identical to Type B Rush 
Lake Granite.  It occurs in contact with the Type B Rush 
Lake Granite and can be discriminated from it by its low 
color index and purple hue.

Saddle Mountain Granite

The Saddle Mountain Granite has been previously de-
scribed in Gilbert (1986).  This is a dark red, dense, and 
porphyritic granophyric granite that grades into spherulitic 
texture to the north.  Phenocrysts are alkali feldspar and 
quartz, with lesser hornblende and biotite in the matrix 
(Myers et al., 1981).

The geochemistry of the Saddle Mountain Granite are 
documented in Gilbert and Myers (1986) and Weaver and 
Gilbert (1986), and their data is employed in this study.  
Generally, the granite is low-calcium, metaluminous, and 
enriched in La, Y, and Yb.  It is identical to the Medicine 
Park Granite in normative Q-Ab-Or (Fig. 5).  Overall, it is 
nearly chemically indistinguishable from the Mount Scott 
Granite.  It has a slightly deeper europium anomaly (Fig. 6) 
and slightly elevated Sr and Zr.

Exposures and contact relationships

The units of the intrusive suite and their contacts are 
locally covered by Permian and recent sediments but are 
reasonably well exposed throughout the eastern Wichita 
Mountains.  Most exposures are highly weathered, and 
they are all medium grained porphyritic red granites, mak-
ing field discrimination a challenging exercise.  However, 
with care the contacts between units can be observed and 
are reasonably informative.  These contacts appear to be 
intrusive in nature and are not post-magmatic faults.

Much of the exposure of the intrusive suite is on public 
lands.  The bulk is within the boundaries of the Wichita 
Mountains Wildlife Refuge (WMWR), and a small amount 
is within those of the Great Plains State Park, immediately 
south of Lake Tom Steed.  The intrusive suite’s easternmost 
exposures are on the hills just west of I-44, Welsh Hill (Fig. 
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Figure 5.  Q-Ab-Or plot for the granite units in the 
Mount Scott Intrusive Suite.  Data fall within a small 
area on the plot, illustrating the compositional similar-
ity among these rocks.  Boundary curves from Steiner 
et al. (1975) shown for reference.
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Figure 6.  Rare-earth element diagram for the units of 
the Mount Scott Intrusive Suite.  Although all units ex-
hibit similar trends, there is an overall depletion in all 
elements and a development of the Eu anomaly with the 
Saddle Mountain Granite, to the Medicine Park Gran-
ite, to the Rush Lake Granite.  This trend might indicate 
increasing amounts of plagioclase fractionation.  Values 
normalized to chondrite analyses of Nakamura (1974).
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1).  Here and to the immediate west, the Mount Scott Gran-
ite is interspersed with the Type B Rush Lake and Medicine 
Park Granites.  The Permian (Leonardian) Post Oak con-
glomerate partially covers this exposure, as does modern 
alluvium and soil.

Starting at the southern base of its type locality, the 
Mount Scott Granite is uninterruptedly exposed along the 
northern range of peaks to just beyond the western bound-
ary of the WMWR.  The Type A Rush Lake Granite is also 
exposed near the base of Mount Scott west to Rush Lake 
(Fig. 1), but the exposures are sporadic.  The Rush Lake 
contacts the Davidson Metarhyolite, a hornfels that may 
represent the floor immediately under the intrusive suite.  
Both units form the eastern lowlands which are partially 
mantled by Permian sediments.  The Rush Lake Granite’s 
furthest west exposures are adjacent to but not covered by 
Rush Lake (reconnaissance of the reservoir floor, drained 
in 2011 for dam repair, found only Mount Scott Granite in 
the lake bottom).  The Mount Scott and Rush Lake Gran-

ites (particularly the latter) are locally covered by Post Oak 
Conglomerate, boulders, and a few thin soils.  Exposures 
of the Mount Scott Granite terminate west of the refuge at a 
relatively abrupt change from mountainous to plains topog-
raphy.  Most of Mount Scott Granite at this boundary is in 
contact with Permian sedimentary strata that overlie mem-
bers of the RMGG.  Two embayments of RMGG occur at 
the western and southwestern edge of this boundary.  The 
southwestern embayment, known as the Hale Spring Area 
(Fig. 1), has been the subject of detailed study (McLean 
and Stearns, 1986; Price et al., 1998), including scientific 
drilling and sampling from the Smith Quarry, one of the 
original type localities of Merritt (1965).

The Mount Scott Granite is almost continuous to its 
northernmost exposures, which occur 4 km east of the 
intersection of state highways 19 and 54.  Much of the 
northern part of the exposed Mount Scott Intrusive Suite 
is partially covered by Permian strata and recent detritus, 
and exposures are limited to rugged inselbergs.  The Saddle 
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Figure 7.  Columns outlining the general elevation relationships of exposures among the Mount Scott, Rush Lake, 
Medicine Park, and Saddle Mountain Granites, and adjacent lithologies along a west to east traverse in the eastern 
Wichita Mountains.  Locations are noted at the top of Figure 1.  The Saddle Mountain is minimally exposed near 
its type locality; it grades into the Mount Scott Granite at what is likely the top of the intrusive suite.  The Davidson 
Metarhyolite underlies the intrusive suite at Rush Lake, Mount Scott, and the Medicine Park.  It is the likely floor 
of the intrusive suite.  At Rush Lake, the Rush Lake Granite intrudes the Davidson and incorporates it as xenoliths, 
and underlies the Mount Scott Granite, and their contacts are interdigitating.  Further east, all of the units of the 
intrusive suite seemingly share the same horizon of emplacement.  Mount Scott Granite dikes intrude the Medicine 
Park Granite, suggesting that is older than the former.
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Mountain Granite crops out 10 km further to the east based 
on mapping by Powell et al. (1980) and Gilbert (1986).  
There is no Mount Scott-Saddle Mountain contact per se.  
It changes texture from spherulitic in the north to grano-
phyric in the south, and grades into Mount Scott Granite 
(Gilbert, 1986).  To the southeast, the northern margin of 
Mount Scott Granite overlies the Raggedy Mountains Gab-
bro Group (RMGG).  The northern margin of the intrusive 
suite is as much as 17 km from the southern one, where it 
contacts the Quanah Granite, the GMLC, and the Carlton 
Rhyolite and Davidson Metarhyolite.

Another extensive outcrop of Mount Scott Granite is in 
the central Wichita Mountains (Raggedy Mountains) south 
of Lake Tom Steed in and adjacent to Great Plains State 
Park.  These outcrops are largely isolated and surrounded 
by Permian strata. 

Based on the exposures described above, the intrusive 
suite, dominated by the Mount Scott Granite, is exposed for 
a distance 55 km east to west, (25 km of which is continu-
ous) and nearly continuously for 17 km north to south.  The 
total exposed surface area is 240 square km.  Exposures 
suggest a thickness of at least 0.5 km, and there is no evi-
dence to suggest a substantially thicker geometry.  Merritt 
(1965) notes that Mount Scott Granite-like materials were 
encountered in the subsurface both north and south of the 
exposed rocks.  Additionally, the roof is not preserved and 
the top of the suite has been eroded.  Thus, the above di-
mensions slightly underestimate the size of the body.  The 
exposures however indicate that the intrusive suite was thin 
but laterally extensive.

The Mount Scott Granite overlies the GMLC, much 
of the Roosevelt Gabbros, the Type A Rush Lake Granite, 
the Davidson Metarhyolite, and the lowermost Carlton 
Rhyolite Group.  It roughly shares the same horizon with 
the upper part of the Sandy Creek Gabbro (Roosevelt Gab-
bro), the Quanah Granite, the Type B Rush Lake Granite, 
and much of the Medicine Park Granite.  It is also locally 
below the Medicine Park Granite and beneath the Saddle 
Mountain Granite.  Generally speaking, the Medicine Park 
and Rush Lake Granites are along the floor of the intrusive 
suite even with the base of the Mount Scott Granite.  The 
Saddle Mountain Granite is in the uppermost parts of the 
intrusive suite.

Figure 7 illustrates the exposure elevations and the 
contact relationships of the intrusive suite, from Saddle 
Mountain to Welsh Hill (Fig. 1).  As mentioned above, the 
contact between the Mount Scott and Saddle Mountain 
granites is gradational, but the latter is exposed at relatively 
higher elevations in the Saddle Mountain region.  The Rush 

Lake, Medicine Park, and Mount Scott Granites exhibit 
considerable complexity where exposed in the easternmost 
Wichita Mountains.  The contact geometries near the town 
of Medicine Park are perhaps the most complex (Figure 8).  
Topographical relationships that suggest these three gran-
ites intruded along the same horizon near the base of the 
intrusive suite. 

Within the Mount Scott Intrusive Suite, exposures of 
contacts between the Rush Lake (both types) Granite and 
the Mount Scott Granite indicate that the Rush Lake Gran-
ite predates more voluminous unit, but not by much time.  
Exposures at Rush Lake reveal a non-diffuse, but convo-
luted, interdigitating boundary between the Mount Scott 
and Type A Rush Lake Granites.  Exposures at Medicine 
Park and Mount Cummins reveal a gradual, diffuse contact 
between the Mount Scott and Type B Rush Lake Granites.  
At all three localities, the Mount Scott Granite contains xe-
noliths and stoped blocks of the Rush Lake Granite near 
the contacts.

The Medicine Park Granite appears to predate the 
Mount Scott and Rush Lake Granites.  Both fine as they 
approach their respective contacts with the Medicine Park 
Granite.  Additionally, a fine-grained Mount Scott Granite 
dike intrudes the Medicine Park Granite.  Contacts between 
the Medicine Park Granite and the Mount Scott Granite are 
always sharp and subplanar.

At present, the Mount Scott Granite is the only suite 
unit with an absolute age at 533.4 ± 1.7 Ma, zircon (Wright 
et al., 1996).  Given evidence that the time span for mag-
matism is likely to be short (Price et al., 2012), it is also 
likely that any differences in radiometric dates for the other 
units of the intrusive suite would be insignificant.  Contact 
relationships provide the best evidence for timing of the 
intrusions, and they indicate that the Mount Scott Granite 
and Rush Lake Granite are younger than the Medicine Park 
Granite, and that the Mount Scott Granite is younger than 
the Rush Lake Granite.

Compositional relationships 

The four units share many compositional characteris-
tics while exhibiting a few small but important distinctions.  
In terms of incompatible elements, the Mount Scott and 
the Saddle Mountain Granites are the most primitive, hav-
ing low SiO2 and Rb and high FeO + MgO (Weaver and 
Gilbert, 1986).  The Type A Rush Lake Granite is slightly 
more evolved than the Mount Scott Granite, and the Type 
B Rush Lake and Medicine Park Granites are the most 
evolved of the series.  Lanthanide-element plots normal-
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ized to chondrite (Nakamura, 1974) illustrate both deple-
tion of rare-earth elements and an increased Eu anomaly 
for the Saddle Mountain, the Medicine Park, and the Rush 
Lake (both types) Granites relative the Mount Scott Gran-
ite (Figure 6).

The similar composition and texture and the close 
proximity of the four units suggests a possible genetic re-
lationship.  Weaver and Gilbert (1986) previously suggest-
ed such a relationship among the Medicine Park, Saddle 
Mountain, and Mount Scott Granites.  The nature of this 
relationship and the relationship of these three units with 
the Rush Lake Granite is potentially constrainable through 
mass-balance modeling. 

The incompatible-element relationships, coupled with 
the field data, suggest that the Medicine Park, Rush Lake, 
and Saddle Mountain granite units formed from magmas 
that arose as daughter products through crystal fraction-
ation.  Given its substantially greater volume and more 
primitive composition, the Mount Scott Granite represents 
a likely parental magma.  This granite, although largely ho-
mogeneous, exhibits limited compositional variation best 
seen in the trace elements (e.g., Ba, Rb, Sr).  Trace element 
plots of the Medicine Park, the Rush Lake, and the Saddle 
Mountain Granites fall along trends that point to the Mount 
Scott Granite samples with low Rb.  Therefore, fractional 
crystallization relationship would reasonably start with a 
parent magma similar to low-Rb Mount Scott Granite.

Modeling assumes that the processes resulting in the 
magmas that formed the Rush Lake and Medicine Park 
Granites occurred prior to the ascent of these bodies and 
the Mount Scott Granite, a sequence consistent with con-
tact relationships.  Processes that produced the Saddle 
Mountain Granite occurred following emplacement of the 
Mount Scott Granite, which is also consistent.  Descrip-
tions of pre- and post-ascent fractionation follow.

Major Element Modeling

Least squares models (e.g., Wright and Doherty, 1970) 
of major-element fractionation were applied using the low-
Rb Mount Scott Granite composition as a parent.  The mod-
el used compositional data for the feldspars, amphiboles, 
biotites, oxides, titanites, and apatites from the Mount 
Scott Granite.  Liquids were then calculated from the de-
gree of fractionation to crystals following Mount Scott 
Granite crystals + liquid = Low-Rb Mount Scott Granite.  
Three potential liquids were modeled using the following 
compositions: I) average Medicine Park Granite, II) Type A 
Rush Lake Granite, and III) Saddle Mountain Granite.  The 

Type B Rush Lake Granite approximates the compositional 
parameters of the Medicine Park Granite and is adequately 
modeled using liquid I.  Liquids I and II are products of 
pre-ascent fractionation, liquid III is a post-ascent product.

Pre-ascent liquids would result from the fractionation 
of early-forming minerals (phenocrysts and other pre-em-
placement phases).  In the Mount Scott Granite, prior work 
has established a pre-ascent assemblage of Ksp + Pl + Qtz 
+ Hbl +Ttn (Hogan and Gilbert, 1995; Price, 1998, 2013; 
Price et al., 2012; Price et al., 1996).  Oxide populations 
could be early as well.  Of these phases, plagioclase is ab-
sent and hornblende concentrations are diminished in both 
the Medicine Park and Rush Lake Granites.

The models indicate the Rush Lake and Medicine Park 
Granites are related through fractional crystallization of 
mostly hornblende and plagioclase (Table 2).  Modeling 
for the liquid that gave rise to the Medicine Park Gran-
ite (I) requires 6.4 wt.% crystallization of plagioclase, 5.9 
wt.% hornblende and 0.6 wt.% titanite.  This produces a 
reasonable fit (sum of the squared residuals (Σr2) = 0.388) 
with discrepancies in Na2O contributing 71% the squared 
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Table 2.  Major element fractionation models (least squares).  All 
values are in weight percent. 

 P  I II III 
 Low-Rb 

Mount 
Scott 

Granite 

 Medicine 
Park 

Granite 

Type A 
Rush 
Lake 

Granite 

Saddle 
Mtn. 

Granite 

Liquid   88.4 82.7 92.4 
Hbl   5.9 7.3 2.6 
Ab     5.8 
Pl   6.4 10.6  
Ttn   0.6 0.8 0.4 
Ap     0.6 
Mt     0.9 
Bt      
   Calculated Parent 
SiO2 72.8  72.8 72.8 72.8 
TiO2 0.47  0.47 0.44 0.45 
Al2O3 12.5  12.2 12.3 12.6 
Fe2O3 3.72  3.75 3.72 3.72 
MnO 0.09  0.04 0.01 0.05 
MgO 0.29  0.28 0.29 0.23 
CaO 1.29  1.25 1.33 1.33 
Na2O 3.96  4.48 4.28 3.80 
K2O 4.17  4.12 4.25 4.14 
P2O5 0.08  -0.03 -0.07 0.28 
      
Σ res2   0.39 0.17 0.08 
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Figure 8.  Panoramic photograph of the region east of the town of Medicine Park showing the approximate locations 
of the contacts between the Medicine Park Granite, the Rush Lake Granite, and the Mount Scott Granite.  The gen-

residual values.  A better fit results from added (dissolved 
in) albite.  Modeling the Type A Rush Lake Granite (II) as 
a daughter product results in 10.6 wt.% crystallization of 
plagioclase, 7.3 wt.% crystallization of hornblende, and 0.8 
wt.% titanite, with a reasonable fit (Σr2 = 0.171).  Na2O is 
again the greatest source of squared residuals (57%).  As 
above the fit is improved if albite is added into the parent 
composition.

All pre-ascent fractionation models indicate increas-
ing Na2O, even if one employs other Mount Scott Granite 
compositions for the parent.  The reason for this is unclear.  
Liquids I and II may have acquired Na2O through Ab as-
similation.  Plagioclase assimilation seems likely as ascent 
would have traversed the anorthositic rocks of the GMLC 
en route to the emplacement level.  However, the liquids re-
quire the addition of roughly 0.5 wt.% Na2O, requiring 19% 
incorporation of GMLC feldspars based on the compositions 
documented in Powell and Phelps (1977).  And any acquired 
plagioclase would have to completely dissolve into the melt 
and/or diffuse into the feldspars, as plagioclase is not present 
in either the Rush Lake or Medicine Park Granites.  This 
seems unlikely given the heat budget of the magma.  So ad-
dition of Ab could not arise solely through the addition of 
GMLC feldspars.  Alternatively, the discrepancy may reflect 
incorporation of albitic feldspar from an unknown source.  
It could also arise from an inadequate parental composition 
and/or incorrectly assuming alkali contents of the Rush Lake 
and Medicine Park Granites are representative of their re-

spective magmas.  Late-stage SiO2 loss might affect the al-
kali content of the granites.  Quartz veins are a prominent, 
but volumetrically minor feature (<1 vol.%) in these units.  
Veins could indicate late volatile scavenging or post-crystal-
lization leaching of SiO2 if they are sourced from their host.  
While this might be plausible for the granites derived from 
liquid I, the elevated SiO2 of the Type A Rush Lake Granite 
precludes significant SiO2 loss.

Post-ascent fractionation would result from the late-
stage crystallization of the magma.  Late stage phases in 
the Mount Scott Granite include Ksp ± Ab + Bt + Ap ± Ttn 
± Flu.  Hornblende may continue crystallizing during the 
late stage, given the relatively elevated fluorine contents 
attributed to the magma (Price et al., 1999).

Modeling the Saddle Mountain Granite (III), results in 
a smaller amount of fractionation over a greater number of 
phases—2.6 wt.% hornblende, 5.8 wt.% sodic alkali feld-
spar, 0.4 wt.% titanite, 0.6  wt.% apatite, and 0.9 wt.% bio-
tite.  This produces an excellent fit between the calculated 
parent composition and the actual value (Σr2 = 0.082).

Trace Element Modeling

A comparison of fractionation trends in Rayleigh 
trace-element fractionation models supports the fraction-
al crystallization process determined by the major-element 
modeling.  Instead of calculating a fractionation scheme 
for each data point, vectors are plotted on relevant trace-el-
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Figure 8.

eral nature of the contact places Mount Scott Granite adjacent to Rush Lake Granite, and above or adjacent to the 
Medicine Park Granite.

ement-ratio diagrams to illustrate the trends of hornblende 
and plagioclase fractionation.  This vector-trend analysis is 
preferred because 1. robust distribution coefficients (KDs) 
for this system are unavailable; 2. these rocks contain rel-
atively small deviations in concentration, therefore small 
changes in KDs could result in significant error; and 3. the 
uncertainty expressed in the Na2O concentrations within 
the major-element models extends to the trace-element lev-
el.  In felsic systems, the distribution of elements is great-
ly influenced by small changes in composition and inten-
sive parameters (Pitcher, 1993), so assessing fractionation 
through trace-element modeling is a limited exercise.   It 
does however further test the conclusions of the major-ele-
ment mass balance.

In figure 9, the ratios of the abundant and strongly de-
pleted (relative to the Mount Scott Granite) elements Ba 
and Sr and the abundant and variably depleted elements Y 
and La are plotted against Rb (an index of differentiation) 
for these units.  Distribution coefficients indicate that horn-
blende incorporates La over Y for increasing Rb producing 
a downward curve, whereas plagioclase produces the op-
posite.  Hornblende incorporates Ba/Sr at similar amounts 
with Rb, whereas plagioclase shows a strong preference for 
Ba relative to Sr.

The Medicine Park and Rush Lake Granites largely 
plot between the two vectors, consistent with fractionation 
of both plagioclase and hornblende.  However, there is dis-
crepancy with the major-element models in the degree of 

fractionation. For example, the Type A Rush Lake granite 
is reached by fractionating 11 wt.% plagioclase, equiva-
lent with the values predicted by the major-element mod-
el, while requiring 16 wt.% crystallization of hornblende, 
which is double that of the major-element prediction.  This 
higher value is unlikely given the low concentration of 
hornblende in the Mount Scott Granite.  Additionally, one 
of the Medicine Park Granite samples plots inconsistent in 
the Y/La and Ba/Sr models, showing an affinity for pla-
gioclase fractionation in Ba/Sr (Fig. 9B) and an affinity for 
hornblende fractionation Y/La.

Model summary

Fractionation models use a common parent similar 
to low-Rb Mount Scott Granite.  Major-element model-
ing yields daughter liquid I, with the composition of the 
Medicine Park Granite and the Type B Rush Lake Granite, 
though fractionation of plagioclase and hornblende with 
minor amounts of titanite.  The Type A Rush Lake Gran-
ite could also arise through more extensive fractionation of 
plagioclase and hornblende from the same parent.  Trace-el-
ement-variation diagrams confirm that such fractionation 
pathways are plausible.  Rare-earth-element diagrams also 
point to the prominence of plagioclase fractionation as 
evidenced by the Rush Lake Granite and Medicine Park 
Granite having larger Eu anomalies than the Mount Scott 
Granite (Fig. 6).  The Saddle Mountain Granite requires a 
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smaller amount of fractionation over a greater number of 
phases—hornblende, sodic alkali feldspar, titanite, apatite, 
and biotite.  This is consistent with its development as a 
late-stage fractionate.

Discussion

The pre-ascent reservoir
Numerous studies of volcanic systems have conclud-

ed that fractional crystallization (as well as other igneous 
evolutionary processes) occurs within a ponded reservoir 
at some depth in the crust, i.e., a magma chamber.  It has 
been argued previously that the Mount Scott Granite is the 

emplacement product of magma that ponded in the crust 
at a depth of 7 to 8 km, en route to the shallow crust from 
a deeper source of partial melting (Hogan and Gilbert, 
1998; Hogan et al., 1998; Price et al., 1996).  Mount Scott 
Granite alkali feldspar and quartz phenocrysts demonstrate 
rounding, zoning, and other features that have been related 
to decompression due to ascent from this reservoir to the 
emplacement depth.  The fractional crystallization model 
above is consistent with pre-ascent segregation of daughter 
liquids in a deeper reservoir.  The distribution of the frac-
tionated daughter magmas relative to the parental magma 
implies that segregation occurred prior to final emplace-
ment. 

The intrusive suite therefore originates with partial 
crystallization at depth.  Some of the early crystallizing 
phases of the Mount Scott Granite, principally plagioclase 
and hornblende, are removed from liquids I and then II in 
this reservoir.  Other early phases, chiefly alkali feldspar, 
remain in these daughter liquids as well as the parent; these 
form the phenocrysts common to all of the units.  Liquids 
I and II ascend first, followed by the bulk of the magma 
(Fig. 10).  

Emplacement constraints
The Mount Scott Granite formed from a partially crys-

tallized magma emplaced near the GMLC-Carlton Rhyo-
lite Group boundary at a depth no greater than 2 km.  Con-
tact relationships show that the base of the intrusive suite 
rests on the RMGG in the west and cuts into the rhyolite in 
the east, firmly placing it on the unconformity.  Subsurface 
data places the granite along a similar horizon (Merritt, 
1965, 1967).  The final crystallization assemblage of all 
four units is consistent with pressures near 50 MPa.  Gra-
nophyre, common to all of the units, is attributable to an 
undercooling range of 50 to150 °C (Morgan and London, 
2012), conditions appropriate for emplacement in the shal-
low crust.

The contact relationships of the units clearly suggest 
emplacement at this common horizon.  The Rush Lake and 
Medicine Park Granites appear to be adjacent to and un-
derlie the base of the Mount Scott Granite and therefore 
represent the lowest part of the emplacement section.  

Given its sharp contacts in which other units fine in 
grain size towards the contact, the Medicine Park Granite 
is clearly older than the Mount Scott and the Rush Lake 
Granites.  The dikes of Mount Scott Granite in Medicine 
Park Granite indicate that the latter was sufficiently cool 
to deform brittlely during the intrusion of the Mount Scott 
Granite.  However, the extensive contact at Welsh Hill, 
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Figure 9.  Plots of element ratios versus Rb for the Mount 
Scott Intrusive Suite.  Small gray circles on curves re-
sult from Rayleigh fractionation for plagioclase (Plag) 
and hornblende (Hbl), each are F = 0.2% apart.  Plots 
agree with major-element models that minor fraction-
ation of plagioclase and hornblende produced to the 
Rush Lake and Medicine Park granite magmas.  See 
text for discussion.



The Mount Scott Intrusive Suite, Wichita Mountains

Oklahoma Geological Survey Guidebook 38 313

Fi
gu

re
 1

0.
  D

ev
el

op
m

en
t o

f t
he

 M
ou

nt
 S

co
tt

 P
lu

to
n.

  A
.) 

T
he

 g
ra

ni
te

 p
ar

en
ta

l m
ag

m
a 

(P
) a

rr
es

ts
 a

t a
 d

ep
th

 o
f 7

 to
 8

 k
m

 a
nd

 b
eg

in
s 

to
 

fr
ac

tio
na

te
 li

qu
id

 I.
  B

.) 
So

m
e 

of
 li

qu
id

 I 
as

ce
nd

s a
nd

 a
rr

es
ts

 a
t t

he
 e

m
pl

ac
em

en
t d

ep
th

 a
lo

ng
 th

e 
bo

un
da

ry
 b

et
w

ee
n 

th
e 

G
le

n 
M

ou
nt

ai
ns

 
L

ay
er

ed
 C

om
pl

ex
 a

nd
 th

e 
ov

er
ly

in
g 

C
ar

lto
n 

R
hy

ol
ite

.  
T

hi
s f

or
m

s t
he

 M
ed

ic
in

e 
Pa

rk
 G

ra
ni

te
 (M

P)
 w

hi
le

 th
e 

pa
re

nt
 m

ag
m

a 
(M

S)
 p

ro
du

c-
es

 li
qu

id
 II

.  
C

.) 
R

em
ai

nd
er

 o
f l

iq
ui

d 
I a

nd
 a

ll 
of

 II
 a

sc
en

d 
to

 th
e 

sa
m

e 
le

ve
l f

or
m

in
g 

th
e 

R
us

h 
L

ak
e 

G
ra

ni
te

 (R
L

). 
 D

.) 
M

ag
m

a 
M

S 
cl

os
el

y 
fo

llo
w

s 
as

ce
nt

 o
f R

L 
m

ag
m

as
.  

T
hi

s 
m

ag
m

a 
is

 e
m

pl
ac

ed
 a

t t
he

 s
am

e 
ho

ri
zo

n,
 o

ve
rr

un
ni

ng
 a

nd
 s

ho
ul

de
ri

ng
 a

si
de

 R
L 

to
 fo

rm
 th

e 
M

ou
nt

 
Sc

ot
t G

ra
ni

te
.  

L
at

e-
st

ag
e 

fr
ac

tio
na

tio
n 

at
 th

e 
em

pl
ac

em
en

t l
ev

el
 n

ea
r 

th
e 

to
p 

of
 th

e 
in

tr
us

iv
e 

su
ite

 fo
rm

s l
iq

ui
d 

II
I, 

th
e 

Sa
dd

le
 M

ou
nt

ai
n 

G
ra

ni
te

.

I

M
P II

A
B

C
D

7
Depth (km)

65 8 9

7

7

Depth (km)

Depth (km)

6

6

1

1

8

8

9

9

C
a

rl
to

n
 R

h
yo

lit
e

 

G
le

n
 M

o
u

n
ta

in
s 

L
a

ye
re

d
 C

o
m

p
le

x

P
M
S

R
L

M
S

7

Depth (km)

61 8 9

M
S

II
I

F
ig

u
re

 1
0
.



Price

Oklahoma Geological Survey Guidebook 38314

which apparently lacks a chilled margin, suggests that the 
Medicine Park Granite was locally warm enough to pre-
clude chilling.  The Medicine Park is oldest, but the con-
tacts suggest a short interval separates these intrusions.

Both the diffuse and interdigitating contacts between 
the Rush Lake and the Mount Scott Granites indicate that 
both units were warm and ductile implying an even shorter 
hiatus between their intrusions.  The Mount Scott Granite 
magma intruded near simultaneously with the Rush Lake 
Granite magma.

Following emplacement of the Mount Scott Granite 
magma, crystallization produced a small volume of frac-
tioned liquid near the top of the intrusion (Liquid III).  The 
Saddle Mountain Granite crystallized near the top of the 
intrusive suite.  Its spherulitic texture may be a response 
to elevated undercooling in a shallow environment as sug-
gested by Gilbert (1986).

Implications

For individual igneous bodies to be consanguineous, 
they must arise from a common parent through a segment-
ed (two or more stage) crystallization history.  The sep-
aration of more evolved products implies transport from 
the site of fractionation to the site of emplacement.  The 
magmas that formed the Mount Scott Intrusive Suite may 
have moved up to 7 vertical kilometers.  Such transport 
prior to final emplacement produces bodies that are distinct 
from examples of in situ granite fractionation (e.g., a zoned 
pluton).

In addition to statistical modeling that suggests a rela-
tionship through fractional crystallization, the Mount Scott 
Intrusive Suite contains additional lines of evidence that 
imply a segmented crystallization history.  All of the units 
are porphyritic, with bimodal populations of feldspars and 
quartz that fundamentally imply two-stages of crystalliza-
tion.  Hornblende geobarometry calculations on samples 
of the Mount Scott Granite yield an average of 200 MPa, 
while the emplacement of the unit within the base of a vol-
canic pile suggests a much shallower (50 MPa) final em-
placement site for the granite (Hogan and Gilbert, 1995).  
Rapakivi texture in the Mount Scott Granite (ovoid feld-
spar phenocrysts with and without plagioclase mantles) 
developed from ascent-related resorption of early-formed 
feldspar crystals (Price et al., 1996).  Cathodoluminescent 
imaging of the Mount Scott Granite reveals zoned cores 
indicating a similar history for quartz phenocrysts.

This early crystallization must have been followed by 
rapid (but not quite simultaneous) upward movement of all 

the units.  Magmas that ascend and emplace nearly simul-
taneously may physically interact (i.e., mix or mingle) in 
transport or during emplacement.  Mixing of simultane-
ously emplaced magmas is documented elsewhere in the 
Wichita Mountains, particularly in the Cold Springs Brec-
cia (Vadrine and Fernandez, 1986).  The short transport and 
emplacement interval increases the potential for physical 
interaction, while also influencing the heat profile of the 
crust.  An early ascending magma preheats the crust for a 
later one.

The small compositional differences among these mag-
mas produced only minor differences in mineralogy.  Their 
common emplacement conditions produced only slight 
differences in texture, but it is the texture that best charac-
terizes the individual units.  The Saddle Mountain Granite 
grades from granophyric to spherulitic.  The Medicine Park 
Granite contains a distinctive, always fine granophyric ma-
trix with a small number of blocky alkali feldspars.  The 
Rush Lake Granite is largely marked by a medium grain 
size with phenocrysts of angular pink feldspar.  And the 
Mount Scott Granite varies in granophyre content, but con-
tains ovoid feldspar phenocrysts.  These textural variations 
must arise from changes in the thermal regime during crys-
tallization.  In this case, the thermal regime imposed on 
each magma will be influenced by the timing interval be-
tween individual intrusions in the intrusive suite.

It is interesting to note that the alkali feldspars in the 
Mount Scott Granite are rounded and those in the Rush 
Lake and Medicine Park Granites are not.  The formation of 
the distinctive ovoid phenocrysts in the Mount Scott Gran-
ite requires decompression with minimal cooling (Price et 
al., 1996), but conditions likely to persist in the shallow 
crust are generally unfavorable for insulating ascending 
magmas.  This is certainly evidenced by the granophyric 
matrix of these rocks, the product of substantial undercool-
ing during final crystallization after emplacement (Morgan 
and London, 2012).  But if the Mount Scott Granite mag-
ma closely followed other intrusions, the rounded feldspars 
may have formed as a response to “pre-heating” of the as-
cent pathway.

The contact morphologies suggest that a short but sig-
nificant hiatus followed intrusion the magma that formed 
the Medicine Park Granite.  The intrusion of the volumet-
rically minor granite would have heated the ascent path, 
but given its small volume, a short hiatus may have been 
of sufficient length to permit a return to ambient condi-
tions.  The ascent of the Rush Lake Granite magma would 
see similar “cool” thermal conditions.  If the Mount Scott 
Granite magma closely trailed that of the  Rush Lake 
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Granite, then the elevated geotherm would reduce cooling 
during ascent, inducing the resorption of feldspar unseen in 
the prior two magmas.  In other words, the distinct texture 
of the Mount Scott Granite may result from the intrusion of 
the Rush Lake Granite.

The Saddle Mountain Granite, being a post-emplace-
ment derivative, differentiated at the top of the intrusive 
suite under the thermal regime (and perhaps unique volatile 
concentrations) there.  In this sense, the Saddle Mountain 
Granite is similar to late-stage liquids commonly associ-
ated with plutons, typically manifested as pegmatites and 
aplites that back-fill fractures late in the solidification of 
granite bodies.  Because of the proximity of the surface, 
the late-stage liquid in this part of the intrusive suite was 
injected into even shallower crust and/or erupted.

Conclusions

In the half-century that followed the initial definition 
of the Mount Scott Granite, careful field and geochemi-
cal studies divided it into four related lithodemic units.  
These are compositionally similar, but each exhibits suf-
ficient textural differences to warrant separation.  The vo-
luminous Mount Scott Granite is best characterized by the 
presence of ovoid feldspars and mafic enclaves, the Rush 
Lake Granite by its similar granophyric texture but angu-
lar feldspar phenocrysts, the Medicine Park Granite by its 
finer granophyre and purple hue and angular feldspar phe-
nocrysts, and the Saddle Mountain Granite by its gradation 
into a spherulitic texture.  These four units represent four 
individual intrusive events that resulted in the construction 
of a single epizonal intrusive suite.

The Mount Scott Intrusive Suite contains three volu-
metrically minor intrusions in addition to the voluminous 
Mount Scott Granite.  Two of these, the Medicine Park 
and Rush Lake Granites, can be modeled as products of 
pre-emplacement fractionation of small amounts of pla-
gioclase + hornblende + oxide + titanite from low-Rb 
Mount Scott Granite parent.  This is likely to have occurred 
in a “magma-chamber-like” setting at 7 to 8 km depth.  The 
Medicine Park Granite could arise from a daughter magma 
(I) produced from 6.4 wt.% crystallization of plagioclase, 
5.9 wt.% hornblende and 0.6 wt.% titanite.  This magma 
ascended to the emplacement level at the unconformity 
marked by the GMLC and the Carlton Rhyolite Group.  In-
trusion of this volumetrically small batch of magma would 
have been followed by nearly-identical Type B Rush Lake 
magma (also daughter I) and by more extensive fraction-
ation of the Type A Rush Lake Granite (daughter II).  The 

latter requires crystallization of 10.6 wt.% plagioclase and 
hornblende 7.3 wt.% from a similar parent.  This magma 
was closely followed by the intrusion of the bulk of the 
reservoir, a magma that cooled to form the Mount Scott 
Granite.

The close timing of these related units is reflected in 
the nature of the contacts.  Chilled margins are not seen 
on all contacts with the Medicine Park Granite, and those 
between the Rush Lake and Mount Scott Granites suggest 
near-coincident emplacement.  This close timing may have 
promoted the most distinctive texture in the Mount Scott 
Granite—the rounded feldspar phenocrysts—as the ascent 
of the Rush Lake Granite magma would have raised the 
thermal profile of the ascent path just prior to the move-
ment of the Mount Scott Granite magma.

Following this voluminous intrusion, the uppermost 
portion of the Mount Scott Granite magma could produce 
the hypabyssal Saddle Mountain Granite by crystallizing 
2.6 wt.% hornblende, 5.8 wt.% sodic alkali feldspar, 0.4 
wt.% titanite, 0.6 wt.% apatite, and 0.9 wt.% biotite.  Thus 
the Mount Scott Intrusive Suite is composed of four intru-
sive units that formed from both pre-ascent and post-ascent 
fractionation.
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