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pЄlc Lost Creek Gneiss Suite
(~1252 Ma)

Qal—Alluvium (Holocene)—Sand and gravel. Unconsolidated sediments along active stream channels. Point bars and other depositional features apparent on aerial photos and shaded relief elevation models. 
Locally contains sparse vegetation and bedrock exposures.

Qat—Alluvium and terrace (Holocene)—Sand, silt, and clay. Unconsolidated sediments on generally flat, broad treads above and adjacent to active stream channels. Flat surface represents overbank deposits, 
low terraces, and local colluvium. Flood sediments often cover older alluvial channel deposits with fluvial characteristics. Contains well-developed soils and vegetation. Locally consisting of granite grus and sandy 
colluvium around granite bodies and sandy units (Hickory Sandstone), respectively.

Qt—Terrace (Holocene–Pleistocene)—Conglomerates composed of poorly to well-cemented Paleozoic and Cretaceous chert, limestone, and dolomite cobbles. Remnant alluvium elevated above active and 
highest flood levels. Heavily vegetated or cleared and cultivated. Unit associated with and proximal to the Llano River and its southeast to northeast bend. 

Єrc—Cap Mountain Member (Late Cambrian)—Sandstone and limestone. The Cap Mountain Member transitions from calcite-cemented, lower quartz sandstone, into mixed calcarenite and siltstone, to 
calcarenite (limestone) at the top. Lower quartz sandstone: fine-grained, poorly sorted, glauconitic, dark yellowish-brown to reddish, calcite-cemented, coarse-grained sandstone with rounded to angular grains 
that transitions upward into a middle portion of interbedded siltstone and calcarenite. This middle section grades upward into an upper unit composed of light olive gray, prominently bedded (thicknesses up to 25 
inches; 64 cm), glauconitic, limestone (wackestone to grainstone) with less quartz and more calcareous grains. Fossil fragments include brachiopod shells. The Cap Mountain is a highly resistant, scarp-forming 
unit, with vegetation lineaments along fractures and internal contacts. The unit forms moderately vegetated hills between the upper Hickory and Lion Mountain Sandstone Member benches. It grades into the 
overlying Lion Mountain Sandstone, but with a sharp slope contrast. Weathered outcrops and soils contain small limonitic concretions near the top. The contact with the underlying Hickory Sandstone Member, 
which is quartz- and hematite-cemented, is gradational, but distinct on the basis of the lack of calcareous cement. The lower contact is placed at the base of these more resistant, calcareous cemented beds, 
which are often expressed as a topographic scarp and heavily vegetated break in slope. Up to 330 ft (100 m) thick (Becker, 1985).

Єrh—Hickory Sandstone Member (Late Cambrian)—Quartz sandstone. Subdivided into three informal units (upper, middle, and lower, as described separately below) on the basis of variations in color, grain 
size, porosity, bedding thickness, cementation, and topographic expression (Mutis-Duplat, 1982; Becker, 1985). Where not subdivided, the unit generally consists of brown to red quartz sandstones. Diagnostically, 
it contains little to no calcite and glauconite. Regionally an aquifer, but compartmentalized due to faulting. About 400 ft (120 m) thick (Becker, 1985). 

Єrh(u)—Upper Hickory (informal) (Late Cambrian)—Sandstone-hematitic quartz arenite. Massive to thinly bedded, red, medium- to coarse-grained, well-rounded, moderately sorted, friable, hematite and 
limonite cement, and glauconitic with calcite cement toward the top. Hematite locally forms ooid-like coatings on quartz grains. Poorly exposed recessive unit, forms topographically low benches that develop dark 
red soils often cultivated or in agricultural use. Grades into overlying Cap Mountain Member that is a more uniformly and densely calcite-cemented sandstone a of greater resistance and topographic relief. 
About 75 ft (23 m) thick (Becker, 1985).

Єrh(m)—Middle Hickory (informal) (Late Cambrian)—Sandstone-quartz arenite. Light brown to orangish-brown, fine- to coarse grained, rounded to subrounded, poorly sorted, quartz- and hematite-cemented 
(increasing upward), containing phosphatic brachiopods and abundant trace fossils. Thick- to thin-bedded, with laterally continuous beds, local silty laminations and mudstone interbeds, and small-scale trough 
cross-bedding. Indurated, forming ridges, outcrops, and low hills owing to a weathering-produced, near-surface lithification process (Brann Johnson, personal communication). Often thickly vegetated. Little to no 
agricultural use; behaves as an aquitard in the subsurface (Brann Johnson, personal communication). Up to 145 ft (44 m) thick (Becker, 1985).          

Єrh(l)—Lower Hickory (informal) (Late Cambrian)—Sandstone-quartz arenite. Light to dark brown, medium- to very coarse grained, friable, poorly sorted, rounded to subrounded, quartz and hematite cemented. 
Massive and discontinuously bedded, with local large amplitude trough cross-bedding. Locally conglomeratic with feldspar grains, and pebbles of granite and metamorphic rock, particularly at base, where 
ventifacts have also been described and mapped (Alexander, 1952). Very porous and permeable; locally an aquifer. Recessive and poorly exposed, forming topographically low benches with well-developed soils 
often in agricultural use. Top of the unit is generally mapped by the first resistant, well-cemented sandstone unit of the Middle Hickory. Unit rests non-conformably on Precambrian metamorphic and igneous rocks 
and has variable thickness, ranging from 0 to about 55 ft thick (17 m) (Becker, 1985).

Variably deformed granitic dikes and veins crosscut the Valley Spring Gneiss (VSG), Lost Creek Gneiss (LCG), and Packsaddle Schist (PS). Intrusive granites can be readily distinguished from country rock and 
from one another by cross-cutting relationships, color, mineralogy, hardness, texture, fabric and extent of deformation. Four intrusive generations of rocks, designated I1-I4, are described below. I1-I4 intrusive 
rocks occur in PS, I2 and I4 intrusive occur within VSG and I4 (and possibly I1 and I3) intrusive rocks occur within LCG.

Post-Kinematic Granites  

pЄtm—Town Mountain Granite (Mesoproterozoic)—Porphyritic to equigranular, pink, fine- to coarse-grained granite. Composed of pink microcline (up to 3 cm), vitreous gray quartz, cloudy white plagioclase, 
biotite and hornblende, and containing aplitic to pegmatitic granite dikes and milky quartz veins. Locally topaz-bearing (White, 1960). Undeformed microcline phenocrysts locally define a flow foliation and/or 
lineation, especially near pluton margins. Granite occurs in plutons up to 13 miles (21 km) across that tend to be circular, vertical cylinders with concentric textural variations (Barker and Reed, 2010). Boundaries 
range from sharp and regular to highly irregular with wide zones of mixed rock; U/Pb zircon ages for these bodies are 1119-1070 Ma (Walker, 1992; Reed, 1999). Granites are locally deeply weathered and form 
grus aggregate deposits. In other areas, weathered granites form broad cultivated areas. The large granite body in the northern portion of the quadrangle, the Eckert pluton (Barker and Reed, 2010), is undated, 
however the Katemcy Pluton to the northwest has a U/Pb zircon date of 1070 ± 2 Ma (Walker, 1992). Likely equivalent to I4 intrusive dikes (Hunt, 2000) dated with U-Pb titanite cooling age at 1076 +/-5 Ma (Roback 
and others, 1999).

pЄg—Granite (Mesoproterozoic)—Fine- to medium-grained, equigranular, pink. Undeformed small intrusive bodies and dikes within host metamorphic rock. These granites are composed of quartz, plagioclase 
and potassium feldspar, and biotite. Smaller granitic bodies mapped primarily by Gray (1991) and Mutis-Duplat (2023). Aplogranites are found south of U.S. Highway 87 that are composed of quartz, feldspar, and 
biotite with the sugary texture typical of aplite (Gray, 1991). Granite dikes, sills and large (tens of meters) irregularly shaped intrusive bodies are mapped as I4 granites in Hunt (2000). They are pink and black 
speckled and weather to a rusty brown color. Multiple generations of I4 intrusions include fine- and coarse-grained granite dikes that crosscut one another. Intrusions are inches (centimeters) to 30 ft (10 m) thick 
irregular to planar masses that crosscut all other rock types and fabrics in the Valley Spring Gneiss, Packsaddle Schist, and Lost Creek Gneiss. Some, however, are weakly folded and mildly boudinage, and dikes 
and larger granite bodies locally contain a weak margin-parallel flow foliation defined by aligned biotite and elongate foliated xenoliths. Dikes and veins are locally associated with centimeter-scale offsets of 
gneissic layering that is commonly indicative of a left-lateral component of displacement. I4 dikes have sharp margins. Contact aureoles or chilled margins are absent, though locally dikes contain fine-grained 
margins with medium-grained interiors. One undeformed pink I4 granite dike (Hunt, 2000), has a U-Pb titanite cooling age at 1076 +/-5 Ma (Roback and others, 1999).

pЄg(p)—Pegmatite dikes (Mesoproterozoic)—Undeformed granite pegmatite dikes and small coarse-crystalline granitic bodies found throughout the quadrangle, as mapped by Gray (1991) and Mutis-Duplat 
(2023), are mostly 1 in (0.5 cm) to 4 ft (1.5 m) wide, and up to 300 ft (90 m) long. One dike is approximately 6 meters wide and 1 mile (1.6 km) long. Likely equivalent to I4 intrusive dikes (Hunt, 2000) dated with 
U-Pb titanite cooling age at 1076 +/-5 Ma (Roback and others, 1999).

pЄq—Quartz bodies (Mesoproterozoic). Irregular quartz bodies with pegmatite material up to 300 meters in diameter. White veins and irregular bodies of quartz. Mapped by Mutis-Duplat (2023).

  
pЄg(dg)—Deformed dikes (Mesoproterozoic)—Deformed (folded and/or boudinaged) pink granite dikes; fine- to coarse-grained, non- to weakly foliated, quartz-plagioclase-potassium feldspar biotite dikes 
corresponding to the deformed I3 granite dikes of Hunt (2000) dated at 1126 +/- 4 Ma (Roback and others, 1999). Granite dikes and veins are medium- to coarse-grained, equigranular, pink and black speckled 
and weather to rusty brown. Dikes and veins have sharp margins with country rocks; contact aureoles or chilled margins are absent. Dikes vary from centimeter- to decimeters-thick and are folded and/or 
boudinaged. Dikelets of granite are commonly associated with centimeter-scale, left-lateral offsets of gneissic wall rock. I3 granite dikes have the same composition as I4 dikes but are distinguished by grain size 
and cross-cutting and deformation relationships.

pЄg(fg)—Foliated dikes (Mesoproterozoic)—Deformed pink granite dikes and sills; fine-grained, well-foliated, gneissic quartz-plagioclase-potassium feldspar-biotite dikes that are generally concordant to the 
primary foliation in enclosing country rock. Foliated dikes are equivalent to the foliated and deformed I2-I1 granitic dikes of Hunt (2000), dated at 1253 +/- 4 Ma (Roback and others, 1999). Granitic intrusive rocks 
are fine- to medium-grained, equigranular, pink to whitish-pink, and locally garnet-bearing. Dikes are up to 30 cm thick and cross-cut wall rock compositional layering and the dominant foliation, yet locally may 
contain a fabric subparallel to the foliation in the wall rock. Sills and dikes contain xenoliths of the foliated wall rock. I2 granites are variably deformed by isoclinal to open folds and boudinage. I2 granite dikes are 
distinguished from the I3 deformed granite dikes on the basis of color and higher strain, manifested as tight folding or boudinage and dynamic recrystallization textures of quartz and feldspar in thin sections. 

pЄmr—Metarhyolite dikes (Mesoproterozoic). Fine-grained metarhyolite to meta-aplite dikes and sills mapped by Mutis-Duplat (2023).

  
Mesoproterozoic metamorphic rocks of the map area have a polyphase deformation and metamorphic history, including transposition, making protolith determination challenging (Mosher, 1998). 

pЄvsg—Pink and gray quartzofeldspathic gneiss and pelitic schists, undifferentiated (Mesoproterozoic)—VSG consists of pink to grayish-pink variably textured quartzofeldspathic gneisses and pelitic 
schists. Fourteen mappable units (lithodemes, see below) have been recognized on the basis of mineralogical and textural differences (Hunt, 2000; Levine, 2005; Mutis-Duplat, 2023). Quartzofeldspathic gneisses 
of the VSG are pink to whitish-pink to grayish-pink, fine- to medium-grained, well-foliated and locally lineated, with diffuse to well-developed gneissic layering. Color variation between gneissic units at the outcrop 
scale, reflecting modal variation of K-feldspar, biotite, amphibole (minor) and oxide minerals, is assumed to be primary.  Parallel to it, gneissic layering (at a centimter scale or less) is defined by quartz- and 
feldspar-rich layers that alternate with biotite-rich and locally amphibole-rich layers. Pelitic gneisses are variable in appearance, though generally consist of pink-, gray- and black-layered, fine- to medium-grained, 
quartz-potassium feldspar-biotite-muscovite-sillimanite rocks. Gneissic layering is generally well- defined by discrete, centimeter-scale, pink to gray quartz-feldspar-muscovite-sillimanite layers alternating with 
gray-black, biotite-muscovite layers. Mutis-Duplat (1982) subdivides the VSG into three units, with unit three, located at the contact with the Lost Creek Gneiss, characterized as a medium-grained, well-foliated 
quartz-muscovite schist, similar to the pelitic schists mapped in this quadrangle. Minor structures are moderately well-developed within the more pelitic units. The locally abundant pelitic component (sillimanite 
and abundant muscovite) within this group of rocks suggests metasedimentary protolith. Metaigneous (orthogneissic) VSG is instead characterized by granitic gneissic banding commonly found with very large 
relict K-feldspars porphyroclasts (with original plagioclase inclusions and strong zoning) and are frequently migmatitic, with leucosomes of several types (Levine, 2005). The VSG is undated in the quadrangle. 
U/Pb zircon protolith dates for VSG elsewhere span the range of 1366-1232 Ma (Reese and others, 2000). Near the contact with the LCG, locally present are concordant, well-foliated, coarse-grained pink gneiss-
es and discontinuous, concordant amphibolite boudins, interpreted to be inliers of the Lost Creek Gneiss.

VSG Lithodemes:

pЄvsg(a)—Finely banded pink and gray gneiss; very fine grained, well-banded, quartz-plagioclase-potassium feldspar-biotite gneiss (Hunt, 2000).

pЄvsg(b)—Pink foliated granitic gneisses; fine- to medium-grained, well-foliated, quartz-feldspar-biotite gneiss with diffuse gneissic layering (Hunt, 2000).

pЄvsg(c)—White and gray-black banded gneiss; medium-grained, foliated and banded, quartz-plagioclase-potassium feldspar-biotite gneiss (Hunt, 2000).

pЄvsg(d)—Gray banded gneiss; gray and black, fine-grained, moderate- to well-banded and well-foliated quartz plagioclase- potassium feldspar-amphibole gneiss (Hunt, 2000).

pЄvsg(e)—Pink banded and lineated gneiss; fine- to medium-grained, well-foliated and lineated quartz plagioclase-potassium feldspar-biotite gneiss (Hunt, 2000).

pЄvsg(f)—Muscovite and sillimanite gneiss; pink and gray-black, very well banded, fine- to medium-grained quartz-potassium feldspar-plagioclase-muscovite-sillimanite-biotite gneiss (Hunt, 2000).

pЄvsg(g)—Muscovite and sillimanite schist; fine- to medium-grained, pink with gray lenses, quartz potassium feldspar-plagioclase-muscovite-sillimanite-biotite schist (Hunt, 2000).

pЄvsg(h)—Gray and white gneiss; medium-grained, diffuse to well-banded, foliated quartz-plagioclase-potassium feldspar-biotite gneiss (Hunt, 2000).

pЄvsg(i)—Pink and white muscovite-sillimanite schist (Levine, 2005).

pЄvsg(j)—Black and white granitic gneiss (Levine, 2005).

pЄvsg(k)—Pink and black, leucosome-rich granitic gneiss (Levine, 2005).

pЄvsg(l)—Migmatitic gneiss (Levine, 2005).

pЄvsg(m)—Pink and gray granitic gneiss (Levine, 2005).

pЄvsg(mc)—Metaigneous rock of unknown lithology. Has a clear pattern on lidar and aerial photos. Mapped by Mutis-Duplat (2023).

pЄlc—Pink granitic augen gneiss, undivided (Mesoproterozoic)—Medium- to coarse-grained, pink, well-foliated augen gneiss that locally contains minor fine-grained, layered granitic gneisses and migmatites. 
Augen porphyroclasts vary from centimeters- to millimeters-thick, with shapes varying from round to square to oblate. Color ranges from light brown to medium orange pink, pale red, or pale yellowish-brown. The 
primary characteristics of LCG are its granitic composition, presence of augen and migmatite, and variation in the development of a foliation (Mutis-Duplat, 1982). Black biotite-amphibole schists within LCG are 
interpreted to be xenoliths or screens in a plutonic body (Mutis-Duplat, 1982). Because of the homogeneity and coarse-grained nature of the augen gneiss that makes up the majority of the LCG, structures, fabrics 
and cross-cutting structural relationships are generally poorly expressed in the LCG. Contacts within the LCG and with the VSG and PS appear concordant and conformable. However, augen gneiss locally 
crosscuts the primary layering of a banded granitic gneiss, thus the LCG is interpreted by Hunt (2000) as having an intrusive relationship. The LCG is readily distinguishable from the VSG by its homogeneous, 
medium- to coarse-grained, granitic composition and augen texture, and its lack of sillimanite and muscovite. The LCG contact with the PS is unexposed but mapped beyond where the pervasive LCG augen 
texture is no longer present. The contact with VSG, mapped by the same criteria, is exposed at two localities. At one locality the contact is sharp, at the second gradational with the size and number of LCG porphy-
roclasts gradually diminishing. An inlier of the LCG augen gneiss, up to 100 ft (30 m) wide and of unknown length, is found concordant to, and within the VSG approximately 0.3 mi (0.5 kilometers) east of a VSG 
contact. On the basis of the primarily granitic composition, the augen texture, a relatively homogenous character, and of putative xenoliths of the adjacent unit within it, the LCG is interpreted to be of plutonic 
origin. Augen gneiss of the LCG along Willow Creek within this study area has a U-Pb zircon crystallization age at 1254 +6/-4 Ma; Roback, 1996; in Mosher, 1998). This date is identical within uncertainty to another 
LCG crystallization age of 1252+/-3 Ma (Walker, 1992) in the northwestern corner of the Llano Uplift.

LCG Lithodemes:

pЄlc(i)—Pink augen gneiss; pink and black speckled, well-foliated, medium- to coarse-grained pink microcline augen porphyroclasts within a finer-grained quartz-feldspar-biotite-amphibole matrix
(Hunt, 2000).

pЄlc(j)—Black and pink fine-grained augen gneiss; fine- to medium-grained, foliated, quartz-plagioclase potassium feldspar-biotite gneiss with flattened potassium feldspar augen (Hunt, 2000).

pЄlc(k)—Pink banded gneiss; well- to poorly banded, friable, very fine to fine-grained quartz-feldspar-biotite-amphibole gneiss (Hunt, 2000).

pЄlc(l)—Amphibole-biotite schists; black, fine-grained, discontinuous, amphibole-plagioclase-quartz-biotite schists (Hunt, 2000).

pЄlc(m)—Biotite schists; fine-grained, foliated, black and pink banded, quartz-plagioclase-potassium feldspar-biotite gneiss (Hunt, 2000).

pЄlc(n)—Pink well-foliated sills; pink, fine-grained, centimeter- to decimeter-thick, foliated, concordant aplitic sills (most similar to I1 dikes) (Hunt, 2000).

pЄps—Schist and gneiss undivided—The PS in the study area consists of fine- to coarse-grained interlayered amphibolites, felsic gneisses, schists and pelitic schists, minor calc silicates, and marbles. The 
PS is distinguishable from the LCG and VSG by its higher mafic (amphibole-biotite) content. Cross-cutting structures, fabrics and igneous relationships are common in the PS. Primary structures and thus protoliths 
are generally not recognizable because of the polydeformed nature of the rocks. Locally, well-developed aligned minerals define multiple generations of ductile fabrics and folds in all rock types. The PS is Intruded 
by variably deformed coarse- and fine-grained granites (Hunt, 2000). Calc-silicate interlayers within some gneisses and marble suggest a metasedimentary protolith for part of the PS; medium-grained foliated 
granitic gneisses are suggestive of igneous protoliths. In the eastern Llano Uplift the Packsaddle Schist is a ca. 1257-1247 Ma supracrustal basinal sequence that formed along a continental shelf/slope near an 
arc (Mosher, 1998; Reese and others, 2000). Within the map area a single outcrop yielded a protolith (7/6 Pb) age of 1320 Ma, and a high temperature metamorphic event at 1256 +/-4 Ma (7/6 Pb age; Roback 
and others, 1999; Hunt, 2000).  Because of near ubiquitous cover and discontinuous outcrop, Packsaddle Schist is not separable into subunits beyond exposures in the floodplain of the Llano River.

PS Lithodemes:

pЄps(m)—Marble. Yellowish-gray, to light brown, medium- to coarse-grained, poorly to non-foliated. Primarily calcite with local quartz, muscovite, and biotite.

pЄps(o)—Foliated medium- to fine-grained granitic gneiss; pink to grayish-pink, well-foliated, diffuse gneissic layering, medium- to fine-grained granitic gneiss (Hunt, 2000).

pЄps(p)—Interlayered pink granitic gneiss and black biotite-amphibole schist; pink to grayish-pink, medium- to fine-grained foliated granitic gneiss interlayered with up to 3 ft (0.5 meter) thick foliated black biotite 
schists (Hunt, 2000).

pЄps(q)—Amphibolite; black to dark gray, fine- to medium-grained, well-foliated and lineated amphibole-plagioclase gneiss (Hunt, 2000).

pЄps(r)—Black fine-grained biotite schist; black to dark gray, very fine to fine-grained quartz-plagioclase-biotite-oxide schist (Hunt, 2000).

pЄps(s)—Gray banded gneiss; gray to pinkish-gray to pink, fine- to medium-grained, well-banded quartz-feldspar-biotite+/-amphibole+/-garnet+/-muscovite gneiss (Hunt, 2000).

pЄps(t)—Gray streaky gneiss; gray with white streaks, fine- to medium-grained, well-foliated, quartz-plagioclase-microcline-biotite-garnet gneiss (Hunt, 2000).

pЄps(u)—Banded amphibolite and pink gneiss; interlayered banded amphibolite and pink quartz-plagioclase-potassium feldspar-biotite gneiss (Hunt, 2000).

pЄps(v)—Pink banded gneiss; pink to whitish-pink, fine- to medium-grained, very well to moderately banded and well-foliated quartz-plagioclase-potassium feldspar-biotite-amphibole gneiss (Hunt, 2000).

pЄps(w)—Black and gray banded gneiss; black and grayish- to whitish-pink, fine- to medium-grained, well-banded, quartz-plagioclase-biotite-amphibole gneiss (Hunt, 2000).

pЄps(x)—Fine-grained foliated granite; reddish-pink, fine-grained, foliated granite (Hunt, 2000).
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