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INTRODUCTION 

This study was conducted for the purpose of contributing to the 

knowledge of the Precambrian history of the Llano Region in central 

Texas. Relatively little detailed information is available on the 

metamorphic rocks of the Llano uplift, and consequently it is be¬ 

lieved that a detailed study of some of these rocks is of value. 

The Packsaddle schist in a part of the Little Llano River valley 

was chosen for study because its character, as compared to that of 

the Valley Spring gneiss, should be particularly instructive in 

helping to solve the evolution of these metamorphosed rocks. 

Generally, the Packsaddle schist in the Llano uplift is poorly 

exposed, occurring in areas of low relief and poor drainage. The 

Little Llano River valley, however, has outcrop relief of approximately 

350 feet and relatively good drainage, so that a large portion of the 

outcrop surface is exposed and adequate observation and sampling are 

possible. 

This study has produced information on: (l) the structural effects 

of small, relatively incompetent bodies during deformation; (2) 

possible continuation of stress after the main deformation; and (3) 

structural control in the emplacement of magma. 
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LOCATION AND SCOPE OF WOBK 

The area is located in the northeastern part of the Llano uplift. 

The rocks are exposed in parts of northeastern Llano County and south¬ 

eastern San Saha County, approximately six air miles northeast of the 

town of Llano (Figure l). 

The area may he reached hy taking State Highway 16 north from 

Llano for a distance of ten miles to the small community of Babyhead, 

turning east at Bahyhead along an unpaved county road for about three 

miles, where the county road turns north and crosses a dike of quartz- 

feldspar porphyry. This dike marks the southern part of the area. 

The limits of the area are well delineated topographically to 

the west, north, and east hy prominent escarpments of Valley Spring 

gneiss, Cambrian sediments, and a fault line scarp of Cambrian 

sediments respectively. The exact contacts and overlaps, however, are 

not as easily recognizable and occur within the periphery of these 

tcpographic highs. 

This report is based on three months of field work during the 

summer of 1959* The primary purpose was to map the structure and 

describe the petrology and lithologic variations of the exposed 

Precambrian rocks.. The area was mapped on aerial photographs obtained 

from the U. S Department of Agriculture and having a scale of one 

inch to 1667 feet. A final map was prepared at a scale of one inch 

= 1000 feet. Tcpographic maps prepared by the Department of Interior, 

U. S. Geological Survey, on a scale of one inch = 2000 feet were used 

as a base. The rocks collected were studied in the laboratory using 

standard optical methods. 
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In addition to the geologic study a gravity and a magnetic survey 

of a larger area, from Lone Grove north to Cherokee, was made with 

Mr. Charles C. Almy, Jr., a graduate student at The Rice Institute, 

during the summer of 1959* The geophysical data, however, are in¬ 

cluded as part of the Master of Arts thesis of Mr. Almy. 
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Figure 1. Location of Part of the Little Llano River Valley, Llano and 
San Saba Counties, Texas. 
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PREVIOUS WORK 

Llano Uplift 

The first geologic map of the Llano uplift was prepared by the 

U. S. Geological Survey (Paige, 1911; 1912). Paige defined the two 

commonly used metamorphic formations: the Valley Spring gneiss, a 

predominantly light-colored quartz-feldspar rock; and the Packsaddle 

schist, a dark-colored series of amphibole schist, mica schist, 

graphite schist, and marble. The gneiss occurs in the cores of 

anticlines, whereas the schist occupies the synclines. Furthermore, 

Paige considered both units to be metasediments, and because of this 

hypothesis, he believed the Valley Spring to be the older formation. 

Stenzel (1935) summarized the Precambrian structural conditions in 

the Llano Region. He stated that the Valley Spring gneiss is meta- 

igneous and has intruded the Packsaddle schist. Under this inter¬ 

pretation there is but one metasedimentary unit, the Packsaddle schist. 

Stenzel (1936) later studied the Wolf Mountain phacolith. He found 

that the linear flow structures of this phacolithic granite pitch 

under the schist conformably to the contact and that this lineation 

parallels the fold axes in the gneiss. Thus, Stenzel interpreted the 

structure as caused by the same regional stress rather than by primary 

magmatic flcwage. 

Keppel (19^0) studied the Buchanan massif and made a reconnaissance 

study of the concentric pattern of other granitic batholiths. He 

found that the granites exhibit a concentric arrangement of three textural 

varieties which, in the order of their solidification, are as follows: 
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an outer coarse-grained granite, an intermediate zone of porphyritic 

coarse-grained granite, and a core of medium-grained granite. Small 

late-stage "bodies of fine-grained granite were intruded into the 

centers of the massifs, around the margins, and in radial dikes. 

The granites were studied chemically "by Goldich (19^-1), who 

concluded that they were evolved hy the fractionation of one or more 

related magmas. Goldich stated that the quartz-feldspar porphyry 

(llanite) has a composition that is representative of the original magma 

and that other magmas were evolved hy filter pressing. 

Hutchinson (1956) described the Enchanted Rock batholith as a 

granitic pluton emplaced in high grade gneiss and schist. One-third 

of the batholith has a phacolithic relationship to the country rock. 

The batholith shows predominantly a peripheral concordance of the 

country rock with the border of the body. Except for the phacolithic 

part, the foliation and lineation in the granite are nearly vertical, 

and during the early stages of intrusion and crystallization the 

principal direction of movement is inferred to have been vertical. 

Hutchinson concludes that the batholith was emplaced at a late stage 

of deformation by forceful injection and that not more than five 

percent of the batholith is of replacement origin. 

Recent detailed studies on the lithologies of the Packsaddle 

schist have been conducted by Clabaugh (1958) in the southeastern part 

of the uplift, where a complex sequence of interlayered amphibole 

schist, graphite schist, marble, quartzite, and leptite have been 

invaded by metagabbro, granite orthogneiss, and unmetamorphosed 

granite. 
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Little Llano Area 

The only previous work in the area studied hy the present writer 

is the geologic map hy Paige (1911; 1912). The area was mapped on a 

small scale (one inch = two miles), and no structural details are 

shown. In addition, Paige's accompanying report fails to mention the 

area. 

The petrography of the quartz-feldspar porphyry dike rock (llanite) 

was described in detail by Iddings (1904), who suggested the name 

"llanite". Washington (iddings, 1904) and Goldich (19^1) analyzed the 

rock chemically. 
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GEOLOGIC SETTING 

The Llano uplift in central Texas is a structural dome and a 

topographical basin. Within the basin, Precambrian granites and 

metamorphic rocks are exposed and overlain unconformably by Cambrian, 

Ordovician, and Carboniferous strata. The metamorphic rocks are 

highly folded and occur as a series of plunging anticlines and 

synclines that have been intruded by granite orthogneiss, seipentinized 

peridotite rocks, metagabbro, and unmetamorphosed granites. The 

Paleozoic rocks within the basin occur as ridges and as isolated hills 

and are remnants of sedimentary units that formerly extended across 

the dome. Lower Cretaceous rocks occur around the rim of the basin 

except where they have been removed by erosion. 

The geomorphic evolution of the Llano basin probably proceeded in 

the following manner. Following removal of the Cretaceous sea because 

of widespread general uplift, the Cretaceous cover was removed, ex¬ 

posing an inlier of Paleozoic sediments. The Paleozoic rocks were 

further eroded, thus partially exposing the Precambrian rocks. The 

basement is less resistant to erosion than the sedimentary rocks, and 

consequently, a topographical basin was formed on a structural dome. 

In the Little Llano area the Precambrian rocks were eroded to low 

relief before widespread Cambrian sedimentation. The nature of the 

Cambrian sediments suggests they are the result of stream deposition 

on a surface of relatively low relief. Following deposition of the 

Hickory sandstone, the earliest Cambrian unit, the area was inundated 

during upper Cambrian and lower Ordovician time. The evidence for 
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this inundation is the presence of the limestones, dolomites, and 

shales of the Riley and Wilherns formations and the lower portions of 

the Ellenburger group. Further sporadic Paleozoic sedimentation in 

the Llano region is not represented along the Little Llano River. 

During the middle Pennsylvanian epoch (Strawn series) a large-scale 

northerly trending fault developed to the east of the present area. 

This fault extends to the north under the cover of late Pennsylvanian 

and Cretaceous sediments and is part of the Llano system of faults 

described by Sellards (1935)• 

The Little Llano River valley owes its origin to the Strawn fault 

and the erosional resistance of the Valley Spring gneiss and the 

Cambrian limestones. The development of the Little Llano River, or 

its prehistoric counterpart, caused erosion of the less resistant 

Packsaddle schist and Hickory sandstone at a greater rate than the 

gneiss or the limestone and thus developed the valley between the 

Valley Spring escarpment and the Cambrian fault line scarp (see 

Figures 2 and 3)• The granitic and pegmatitic bodies are slightly more 

resistant to erosion than the schist and thus generally form areas of 

slightly greater relief. 
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valley. Cambrian fault line scarp is in distance. 



Figure 3- - View south of a part of the Little Llano River 
valley. To the left is the Cambrian fault line scarp; to the right 
is the Valley Spring gneiss escarpment. 
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STRUCTURAL SETTING 

Introduction 

The geologic map of Paige (1912) shows the Llano Region as a 

series of plunging anticlines and synclines. One of these anticlines 

extends from west of Bahyhead in a southeasterly direction to the 

vicinity of Packsaddle Mountain, in southeastern Llano County. The 

eastern flank of this anticline presumably dips eastward beneath the 

exposed units of Packsaddle schist in the area studied by the present 

writer. 

The Packsaddle schist of the Little Llano area (Figure 4) is 

probably in the trough of a small subsidiary drag fold on the flank of 

the major anticline mentioned above. The shape of the Packsaddle 

schist at depth (Figure 5)> which was computed from observed gravity 

data (Almy, i960), seems to indicate that intrusion of the Lone Grove 

granitic body (Buchanan massif) or another stress from the east and 

southeast later affected the area and is in part responsible for the 

present structures. 

Regional Structure 

Description of the major features. — The major structural feature 

in the Little Llano area is a synclinal axis that strikes N40°-50°W and 

plunges slightly to the northwest. Other possible interpretations of 

this feature, based on lithologic character, are discussed later. The 

axis follows approximately the county road except in the southern one- 

third of the area, where the axis bends to the southeast (Plate l). 
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The strike and dip of the schistosity were measured in over 300 

different localities. In general the strike parallels the trend of 

the marble layers and the synclinal axis. There are, however, variances 

in the N4O°-50°W strike, namely: (l) in the- vicinity of the granite 

bodies where the schist presumably was affected by the emplacement of 

magma; (2) immediately southeast of the five isolated elongate 

pegmatite bodies where the schist displays a crumpled, irregularly 

banded appearance (Figure 6), making measurements impossible in many 

instances; and (3) in the extreme northwestern part of the area, 

where the trend changes to N65°-70°W. There are also local discrepancies 

in the average strike. 

The dip of the schistosity ranges from 50° to vertical, but 

averages 70° and is oriented toward the axis of the syncline. In 

general the dip steepens toward the synclinal axis and is even over¬ 

turned in several localities near the axis. 

The strike and dip of the Valley Spring gneiss is the same as 

that of the Packsaddle series, and thus it is believed the two units 

are concordant. 

Near the Valley Spring gneiss contact a prominent quartzite can be 

traced the entire length of the area; it revealed only one small 

displacement, which is shown on the map (Plate l). Hence it is believed 

there are no large faults in the area; although faulting parallel to 

the schistosity is possible, none was observed. In several localities 

a probable fault breccia of local extent (for example, Figure 7) was 

seen. Most of these breccias are poorly exposed, and neither their 

trace nor displacement is discernible. Minor fault breccias also occur 



adjacent to a few pegmatite dikes (Figure 8) . Finally, a wedge of 

Hickory sandstone is down-faulted within one of the granite bodies. 

The contacts of the metagabbro and the surrounding country rock 

are not exposed because of alluvium and soil cover, but the shape of the 

contacts and crude foliation (N65°W) in the gabbro suggest it is 

essentially conformable with the schist. 

Granite occurs either near the synclinal axis or along the gneiss- 

schist contact as bodies elongate to the regional trend. The one 

possible exception to this observed trend is the crudely circular body 

whose northern extent is covered by Cambrian overlap. It is possible 

that this body has an elongate shape extending beneath the sediment 

cover. The granite-wall rock contact is sharp and discordant, as shown 

by Figure 9- The granite contacts dip outward 80-85°* Commonly a 

poorly developed pencil cleavage occurs near the granite contacts. 

At one locality just west of the county road a dike extends from the 

granite body discordantly into the schist (Figure 10). The dike trends 

N50°W, dips 70° toward the granite, and is identical to the granite in 

appearance and fabric. 

The pegmatite body that is exposed along the entire eastern 

extent of the area is similar to the granite in that it is elongate to 

the regional trend, is discordant, and has displaced the country rock 

during its emplacement. Several small irregularly pear-shaped 

pegmatite bodies with similar contact relationships are exposed west 

of this larger pegmatite. 

Numerous pegmatite dikes are found throughout the area. Many were 

so poorly exposed that a trend was not discernible; however, a good 
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percentage of them are readily visible and are shown on the map. In 

general there are two trends: (l) those near the gneiss boundary and 

(2) those to the east of the synclinal axis. The former trend is 

mainly W20°W to parallel to the schistosity, whereas the latter is 

nearly parallel or at a high angle to the schistosity. At a few well- 

exposed localities the wall rock around the pegmatites is brecciated. 

The quartz-feldspar poiphyry is the only body that shows no 

apparent relation to other structures. It is exposed in the five 

isolated localities shown on the southern portion of the map. Most 

of these discordant bodies are slightly curved and lenticular in out¬ 

line; their trend varies from N10°W to NhO°E. 

Description of the minor features. — Linear features are not 

commonly found in.the rocks of the area. Several types occur, though, 

at scattered localities and are worthy of mention. The kinds of 

lineation recognized are as follows: (l) alignment of hornblende 

crystals, (2) streaks of mica, (3) small folds or crenulations, 

(k) intersection of cleavage and schistosity, (5) crumpled tremolite 

bands in the marble, (6) slickensides, and (7) quartz elongation in 

the granite. Typical linear directions are shown on the geologic map. 

Hornblende crystals and streaks of mica dip in the plane of 

schistosity and are either nearly peipendicular to the strike or 

at an angle of about 30° to it. Thus these features are essentially 

peipendicular to the major synclinal axis. It should be emphasized, 

however, that commonly the hornblende crystals are randomly oriented. 

Small folds or crenulations (Figure ll) are commonly oriented in 

two main directions: one nearly parallel to the schistosity; the 
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other at an angle of about 60° to it. The possible origin of these 

two conflicting directions will be discussed later. 

The intersection of cleavage and schistosity is rare, but where 

it does occur it is oriented at a small angle to the strike of the 

schistosity. 

The marble layers commonly contain crumpled tremolite bands 

(Figure 12), and although exact measurements were not taken because of 

poor relief and steep dip of the lineation. the lineation is nearly 

perpendicular to the marble layers and the major fold axis. 

Slickensides were observed in the Packsaddle schist at one 

locality adjacent to a granite contact. Two sets were observed: one 

trending S60°W with a dip of 70°> the other SJO°W dipping 80°. The 

apparent movement is vertical. It is also possible that slippage 

planes occur with the crenulations perpendicular to the fold axis. 

The granite bodies display internal structures near their contacts 

with the country rock, but become non-directional toward the interior 

of the bodies. These internal features are linear elongation of quartz 

grains (Figure 13) and parallelism of mica flakes. An interesting 

relationship exists between the orientation of these internal features 

and the schistosity of the country rock. This relationship is shown 

excellently in the granite occurring in the trough of the syncline. 

Here the elongate quartz dips 75° northeast. The platy parallelism 

of the mica strikes N4o°Wr and also dips 75° northeast. This trend is 

the same as that of the country-rock schistosity in this vicinity. 

This relationship is not as clear in the more circular-shaped body 

because of local variation in the schistosity trend around the granite. 
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A similarity does exist, however, if the over-all trend is considered. 

The parallelism of the mica in the circular body strikes N45°-50°W, and 

the dip of the quartz and the mica varies from 85° southwest to 

vertical, which is essentially the same trend as in the country rock 

away from the immediate contacts, although the dip of the schistosity 

is slightly less. Thus the internal structures of the granite appear 

to be essentially parallel to the structures of the enclosing schist. 

Jointing was not studied in any great detail; nevertheless, the 

main directions were recorded at selected outcrops. The main joint 

system in the Packsaddle is parallel to the schistosity. The joints 

in the granites and pegmatites, however, are more variable. The 

most characteristic feature of the joints is their steep dip. Longitudinal 

and cross joints appear to be dominant, but there is also a minor diagonal 

set. Flat-lying joints are less common and are caused mainly by sheet 

jointing. An important exception to this sheet jointing is a flat- 

lying set that extends from the granite into the country rock for a 

short distance (refer to Figure 10). These are believed to be the 

primary flat-lying joints of Balk (1937)• 

Interpretation of Regional Structure 

The gravity high associated with the Packsaddle schist shows it 

to be an asymmetrical body extending northwestward beneath the sediment 

cover and curving westward in the vicinity of Cherokee in southern San 

Saba County (Almy, i960). Thus it is believed that the area 

studied is an integral part of this elongate gravity high, that the 

curvature is caused by plunging of the anticlinal axis, and that the 
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Valley Spring-Packsaddle contact is everywhere concordant. Furthermore, 

as a consequence of this hypothesis, the possibility that the schist is 

a thrust sheet overlying the gneiss is less likely than the possibility 

that the schist is in a flank of the large Babyhead anticline. The 

asymmetry of this subsidiary fold may be a result of stresses acting 

on an originally symmetrical fold. If this is the case, then the 

stresses may have been caused by the emplacement of the large Lone Grove 

granitic body to the east and southeast. 

The direction of the linear features offers additional evidence 

on the deformational history of the area. Both a and b lineations (as 

defined by Sander, 1930, and discussed by Cloos, 19k6) are believed 

present. 

Lineations in a are alignment of hornblende crystals, streaks of 

mica, small folds or crenulations, crumpled tremolite bands, and 

slickensides. The orientation of one set of crenulations and the 

crumpled tremolite bands is perpendicular to the major fold axis, and 

because these features are generally assumed to form parallel to the 

major fold axis, their origin is worthy of consideration. Cloos (19^-6, 

p. 27) in discussing "folds parallel to a" states, in effect, that a 

lateral component existing at an angle to the "pressure" may well 

produce a pronounced lineation (crinkling) parallel to the a direction. 

He further states that this mechanism should be particularly effective 

in incompetent rocks. It is believed that the crenulations in the 

Packsaddle schist originated by a similar mechanism; that is, during 

the deformation of the body the schist, which is less competent than 

the gneiss, was dragged over the gneiss, thus causing formation of a 
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lateral stress component which is reflected in the crenulations parallel 

to a. This drag effect may have occurred during down-buckling of the 

schist or possibly during later emplacement of the Lone Grove body. 

Lineations in b are the intersection of cleavage and schistosity 

and the set of small folds that are aligned approximately parallel 

to the major synclinal axis. These lineations are rare. 

The location, shape, and internal features of the granites 

suggest structural control during emplacement. Although no con¬ 

clusions can be drawn concerning the generation of magma, it is believed 

that the magma intruded along the most readily accessible paths, 

namely near the trough of the syncline and along the boundary between 

the schist and the gneiss. These paths of ascent may have been caused 

by differences in rock permeability, as was probably the case along 

the schist-gneiss boundary, or they may have been fracture planes 

that were formed during the down-buckling of the schist, or later, 

possibly during the emplacement of the Lone Grove batholith. It is 

interesting to note that Hutchinson (1956) in his study of the 

Enchanted Rock batholith believes the generation of magma may result 

partly from down-buckling of the metamorphies and by selective re- 

fusion of pre-existing rocks. Because of the small magnitude of the 

Little Llano fold, it is doubtful that the granites of the area 

are the direct result of down-buckling and refusion of the metamorphic 

rocks. The granites probably are from the same source that produced the 

fine-grained granite of the near-by Lone Grove batholith. 

The internal structures of the granites near their contacts are 

essentially parallel to the trend of the enclosing schist even though 
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the contacts are discordant. These steeply dipping internal structures 

may he the result of the upward movement of magma, which aligned the 

quartz and mica essentially parallel to the direction of primary flow. 

Another explanation of the elongate structures in the granite is that 

before complete solidification of the emplaced granite, the stresses 

that deformed the country rock were transmitted into the granite, there¬ 

by producing the observed parallelism between granite and wall rock. 

This explanation requires a continuation of stress after the major 

deformation and assumes that a stress can produce parallel features 

in different, adjacent rock types. The latter suggestion is favored 

because, if the structures are the result of primary flow, then the 

parallelism is fortuitous. 

The elongate shape of the pegmatite body indicates that it was 

emplaced along the most readily accessible path. Field evidence 

suggests that the pegmatite is younger than the granite, because a 

possible large granite autolith (see Plate l) was found within the 

pegmatite. Modal analysis shows the autolith to be very similar to 

the granites (Table V). The An content of the plagioclase in the 

autolith is An-^, which is more calcic than the plagioclase in the 

pegmatite but compares closely to the An content of the plagioclase 

in the granite. It is possible, however, that this autolith is a 

fine-textured phase of the pegmatite or that it intruded the pegmatite. 

An autolithic origin is favored because of the similarity of anorthite 

content of the plagioclase in the autolith and in the granite. The 

relative ages of the granite and the pegmatite body, however, probably 

cannot definitely be ascertained on the basis of the field evidence. 
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Pegmatite dikes are located either along pre-existing fractures 

or parallel to the schistosity. Adjacent to the gneiss the dikes are 

nearly parallel to one another at a small angle to the gneiss, whereas 

in other places the orientation is more random. This relationship 

indicates that presence of the gneiss influenced the fracturing in the 

schist. The direction of the stress that caused fracturing is un¬ 

certain . 

To summarize briefly, the structural evolution proceeded as follows 

Immediately following or during the regional metamorphism that produced 

the mineral associations and alignment of hornblende crystals, the 

area was deformed and downfolded into a syncline on the flank of the 

larger Babyhead anticline. The schist was dragged over the gneiss, 

producing the asymmetrical shape and the crenulations perpendicular 

to the major fold axis. This dragging occurred either during the 

major deformation or during the emplacement of the Lone Grove granite. 

The metagabbro had previously intruded the Packsaddle series prior to 

or during regional metamorphism and was converted to an amphibolite 

during metamorphism. The emplacement of the granite occurred after 

the down-buckling of the schist, and the granite occupies structurally 

controlled areas near the trough of the syncline and along the schist- 

gneiss boundary. The origin of the magma is not known, but it is 

probably derived from the same source that produced the fine-grained 

granite of the Lone Grove body. At a slightly later stage pegmatites 

occupied structurally controlled locations. The last Precambrian event 

is the intrusion of lenses or fingers of a quartz-feldspar porphyry 

dike rock that apparently is structurally unrelated to any of the 

above features. 
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Figure 5* Geologic Cros* Section* 
Little Llano Area, The shape of the body 
is based on observed gravity data from 
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Figure 6 - Deformed cylindrical remnants of amphibole schist. 
Note the segregation into light and dark bands and the lineation 
produced by the distorted layers. 
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Figure 7 Probable fault breccia in amphibole schist 
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Figure 8. - Fault breccia adjacent to a pegmatite dike on the 

Little Llano River. Several disoriented fragments of amphibole schist 

are readily visible (lighter shades of gray) near the center of the 
photo. The pegmatite is to the right. 
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Figure 9- - Contact of fine-grained granite and amphfbole 

schist. The schistosity is destroyed at the contact. The arrows 

indicate a primary flat lying joint. 
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Figure 10 - Marginal granite dike emplaced in amphibole 
schist. A fine-grained granite body is in the background. 
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Figure 11. 
major fold axis 

Crenulations in mica schist perpendicular to the 



Figure 12 Crumpled, layers of tremolite in marble 
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Figure 13- - Lineation of elongate quartz grains and parallelism 

of mica in the granite. The sample is from the contact shown in 
figure 9- Photo by Don Dalrymple. 
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LITHOLOGY MD PETROLOGY 

Introduction 

The Packsaddle schist is a complex sequence of interlayered 

metamorphosed rocks composed predominantly of amphibole schist with 

minor mica schist, graphite schist, quartzite, marble, and a quartz - 

feldspar rock. The series belongs to the lower temperature range of 

the almandine amphibolite facies. 

The granites are fine-grained. Their major constituents are 

quartz, microcline, and oligoclase with minor amounts of albite, 

biotite, muscovite, magnetite, apatite, zircon, tourmaline, and 

sericite. 

The pegmatites are composed of microcline, quartz, plagioclase, 

muscovite, biotite, garnet, and sericite. Graphic texture predominates, 

but coarse- to medium-grained non-graphic textures are common. 

Transition Zone of the Valley Spring 
Gneiss—Packsaddle Schist 

The boundary between the Packsaddle schist and the Valley Spring 

gneiss is marked by a gradual change from a dark-colored schistose 

lithology to one that is predominantly light-colored containing 

abundant quartz and feldspar. This transition zone is approximately 

150 to 200 feet thick. For the purposes of field mapping, the "contact" 

was placed at the first appearance of potassium feldspar augen; that 

is, the augen are considered part of the Valley Spring gneiss. These 

augen occur just east of the prominent cliff that extends along the 

western portion of the area. 
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A representative section of this transition zone was measured on 

the Dean ranch near the abandoned tunnel (Figure l4). The rock 

types listed below denote the predominant lithology and are not 

strictly separable into distinct units. The section is as follows: 

Description Thickness 

Cliff-forming Valley Spring gneiss; 

predominantly pink; quartz, K feldspar, 

plagioclase, biotite, and muscovite rock; 
fine grained; irregular bands of biotite 

alternate with K feldspar, plagioclase, 

and quartz; poorly foliated; small K 

feldspar augen occur throughout; some 

segregation of quartz into lenses up to 

1mm thick. (sample 90k). base of cliff 

Poorly exposed near cliff; quartz, K 

feldspar plagioclase, and biotite rock; 
fine grained; predominantly gray with 

bands of K feldspar and quartz up to 

several inches thick; K feldspar augen 

up to 4 inches in diameter; biotite is 

aligned parallel to the foliation. 

(sample 90 j) 

Rock type 90 j grades into a darker, more 

schistose rock. Poorly exposed; dark 
greenish gray with minor pinkish bands up 
to 2 inches thick of K feldspar and K 

feldspar, garnet, and diopside-augite; 
major constituents are plagioclase, horn¬ 

blende, and diopside-augite; fine grained; 

schistose; undulant to well contorted. total of 90i & 90j 
(sample 90i). 75 feet 

Light gray brown; even weathering; 
quartz, feldspar, and mica rock; fine 

grained; prominent l/4 - l/2 in. K feld¬ 

spar augen; schistose; alignment of augen 

give faint banded appearance, (sample 90h). 

Rock type 90h grades into a lighter colored 

more schistose rock. Light pink to gray; 

quartz, feldspar, and mica rock; fine 

grained; irregular segregation into pink and 
gray bands that are emphasized by dif- 
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ferential weathering; schistose; l/8-l 

inch K feldspar augen are commonly flattened 

and grade into hands, (sample 90g) . total of 90h & 90j 
(This marks the last appearance of K 40 feet 

feldspar augen). 

Covered by the stream bed. 25 feet 

Medium gray; hornblende, K feldspar, and 

plagioclase rock; fine grained; foliated; 

near base l-2mm segregations of K feldspar 
bands; rock is more schistose upward 

where segregation into 2-3 inch amphibole 

and plagioclase bands is well developed; 
epidote rare, (sample 90f)• 15 feet 

Dark green to gray; plagioclase and 

hornblende rock; porphyroblastic; fine 
grained; highly schistose; 3M® and 

smaller poiphyroblasts of garnet, plagio¬ 

clase surrounding garnet, or plagioclase; 

thin bands of plagioclase parallel to the 

schistosity. (sample 90e)• 10 feet 

Light gray to brown; quartz, feldspar, 

hornblende, and mica rock; fine grained; 

foliated; alternation of dark and light 

minerals into undulant bands up to 2 inches 

thick; hornblende and mica of dark layers 

show well developed schistosity; light bands 

are twice as abundant as the dark. 

(sample 90d). 7 feet 

Light gray; quartz, feldspar, and mica 

rock; fine grained; poorly developed 

foliation with minor dark bands present; 

rock tends toward a granoblastic texture; 

K feldspar shows faint segregation. 

(sample 90c). 4 feet 

Light and dark gray bands; quartz, 

plagioclase, hornblende, and biotite rock; 

fine grained; foliated; light-colored 
bands average 1 inch in thickness and are 

mainly granoblastic; dark-colored bands 
are 3-4 inches thick and are generally 

schistose; gradational banding is common; 

foliation is slightly undulant. (sample 

90b). 6 feet 
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Dark green to gray; plagioclase and 

hornblende rock; porphyroblastic; 

fine grained; highly schistose; 

porphyroblasts of garnet, plagioclase 

surrounding garnet, or plagioclase are 
as large as 2mm; thin bands of 

plagioclase occur throughout; stringers and 
blebs of quartz and K feldspar are 

common throughout rock. (sample 90a). 

Beginning of typical 

porphyroblastic 

amphibole schist of 

Packsaddle sequence 

Total approximate thickness: 182 feet. 

Modal analyses of representative samples taken from the transition 

zone are shown in Table I. These analyses show well the variability 

of rock type. Note, however, the general increase in color index 

toward the typical Packsaddle schist lithology. 



T
a

b
le
 
I.
 
-
 

M
od

al
 A

n
a
ly

si
s 

o
f 

T
r
a
n

si
ti

o
n
 Z

on
e.

 

-36 

Apatite 
1 
1 

co 1 1 
1 1 

1—1 H CO ! 
1 
1 

H j 
! 

o o o o o 

Carbonate VO q- 1 1 
1 1 ! 

1 
1 

CO 1—J 1 
1 1 ! 

1 
1 

o o 

o\ 

o o 

Diopside i 1 
1 VO ON 

CO CO 
! 

1 
1 

1 1 
1 

J 1 
1 

1 
I 

1 

Dark opaque 
LTN 1 I 

1 1 
o 1—1 1 

1 
-=h LT\ LTN 

o OJ rH o 1—I o I—J o CO 

Sphene 
CVJ 0\ l 

• 1 
-=h 1—1 CO ON CVJ 1—I o l>- 

o H rH o o o 1—I o o OJ 1—J 

CVJ ON 1—J LTN VO 

Garnet i 
i 

1 
1 

1 • 
l OJ 

1 
1 

1 
1 

1 
1 o o o 

1 
1 

• 
r-J 

i—! 1—1 ! Muscovite o 1 
1 

1 1 
1 1 

1 1 
1 

1 
1 

1 
1 

I 
1 OJ o 

CO 

Biotite 
-zj- 1—1 co 1—J LTN 

1 1 1 1 • 
H iA 1 1 d- l>- 1 1 CO CVJ th- o 

1—1 1—1 rH H 

o CVJ LTN CO CO 
Hornblende 1 

! 
• 1 

t>- 1 
1 
1 

1 
1 04 VO 

1 
o -4" LTN 

CVJ VO H VO 

Plagioclase O co CVJ 
• 1 

LTN o 1—1 CO I—J LTN rH 

VO VO .1 ON ON l>- D- CO LTN h— LTN 

r—I OJ CO 1—1 H OJ CO OJ CVJ CVJ 

Potash 
on OJ 1—1 1—J VO ON 

• 1 • 1 • • 1 1 
i—! 1—J I CO vo 00 VO 1 ON LTN 1 1 

Feldspar OJ CO 1—1 CO CO CO OJ 

Quartz 
CVJ o CO o 1—1 o ON VO co o 
OJ CVJ 

1 1 
1 1 LTN LA OJ OJ CVJ 1—J c>- OJ 

LTV CVJ CO Ah CO CO 

'HO? 

Sample M o 
•HD 
o 

•H »H 
o o o 

to 
o o 

<D o 
nil 
o 

o 
o g 

cti 
o o\ o\ ON ON ON ON ON ON ON ON ON ON 



37 

Figure l4. - Part of the transition zone between the Valley 

Spring gneiss and the Packsaddle schist The dark rock to the right 

is the beginning of the porphyroblastic phase of the Packsaddle 

schist. 
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Packsaddle Schist 

General, - In the ensuing discussion of the lithology of the 

Packsaddle schist it should he kept in mind that the sequences dis¬ 

cussed are limited to areas of better exposure, and because of lateral 

changes, these sequences vary from one equivalent section to another. 

It is, however, believed that the sequence discussed is representative. 

The thicknesses given are from across the central portion of the area; 

to the north the thicknesses are greater, and to the south they are 

slightly less. All thicknesses given are approximations. 

Modal analyses of selected rock types are shown in Tables II-IV, 

at the end of this section. 

Lithologic sequence west of the synclinal axis. - Adjacent to 

the mixed rocks of the transition zone there occurs a zone of 

porphyroblastic amphibole schist (Figure 16) . This rock is 275 

feet thick and is traceable along the entire western extent of the 

area. The rock is dark green with numerous small .1- to 5-iaillimeter, 

light-colored porphyroblasts of subhedral garnet generally surrounded 

by fine-grained plagioclase (Figure 17). Commonly the porphyroblasts 

contain only fine-grained plagioclase. The major constituents are 

hornblende (70$) and plagioclase (25$) with minor amount of garnet, 

sphene, biotite, and magnetite. The grain size is l/8 millimeter or 

smaller. The rock is finely schistose and commonly contains thin 

bands of plagioclase parallel to the schistosity. The schist is 

locally contorted, and in places crenulations perpendicular to the 

fold axis are present. Stringers and blebs of quartz and feldspar 
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parallel the schistosity and occur in this zone as -well as throughout 

the area. These insets are commonly surrounded by dark basic 

segregations of hornblende and biotite (Figure 18). Rarely, small 

hornblende crystals occur -within the insets, and they commonly 

parallel the hornblende crystals in the enclosing schist. This 

parallelism suggests that the insets were present or formed during 

metamorphism. 

Adjoining the porphyroblastic amphibole schist is a thick sequence 

(250 feet) of non-porphyroblastic amphibole schist. This schist is 

dark green and weathers to a dull black. Minerals are hornblende 

(60$), plagioclase (20$), and diopside (15$) with minor sphene, 

magnetite, and quartz. All minerals are very fine grained (less than 

l/8 millimeter).. Schistosity is well developed, and thin segregations 

of plagioclase paralleling the schistosity are common. Blebs and 

stringers of quartz and feldspar are fairly numerous, and micro folds 

and faults are common. 

Immediately adjacent to the dark schist is a quartz-feldspar rock 

and quartzite (Figure 19) of variable composition and thickness (30 

to 50 feet). This unit serves as an excellent marker horizon that is 

traceable through the entire extent of the area. The unit is di¬ 

visible into two main layers: one composed predominantly of potassium 

feldspar (60$) and hornblende (25$), and one containing mainly quartz 

(75$) and feldspar (20$); these percentages vary from sangple to 

sample, however. Minor constituents are sphene, magnetite or ilmenite, 

and biotite. The grain size is variable, but averages l/8 to l/4 

millimeter. Foliation is poorly developed, and commonly the rock is 
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granoblastic. 

Above the previous unit is another thick sequence (400 feet) of 

dark green amphibole schist (Figure 20). This rock is similar in 

lithology and composition to the amphibole schist already described 

■with the exception that it contains no diopside. The hornblende- 

plagioclase ratio is approximately 3:1; which is characteristic of 

most of the amphibole schist in the area. This variety of rock will 

hereafter be referred to as typical amphibole schist (Figure 21). 
*t 

The next overlying unit is a complex sequence of quartz-mica 

schist and typical amphibole schist. The quartz-mica schist is 

yellowish-brbwn and altered. The major constituents are quartz (50$) 

and biotite (25$) with minor amounts of chlorite, carbonate, and 

sphene. The chlorite and carbonate are secondary. The rock is fine 

grained, and the schistosity is well developed. Total thickness is 

approximately 100 feet. 

The previous sequence grades into poorly exposed typical 

amphibole schist that is approximately 250 feet thick. 

The first marble layer is 75 feet thick and occurs next (Figure 22). 

In general it is more prominent because of its greater resistance to 

weathering. The marble is light to dark gray in color. It is composed 

almost entirely of ealcite and dolomite with minor amounts of 

graphite and tremolite. The rock is commonly banded into light and 

dark layers, the lighter ones consisting almost entirely of carbonate, 

with the darker bands containing graphite and tremolite in addition to 

■calcite. Tremolite also occurs separately as thin, well-contorted 

layers. 
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Ad joining the marble layer is a 75-foot layer of poorly exposed 

typical amphibole schist. This, in turn, is followed by 125 feet of 

a complexly interlayered sequence of impure quartzite, quartz-mica 

schist, graphite schist, and amphibole schist. All of these rocks 

are fine-grained, schistose, and, in general, highly altered. 

Adjacent to this complex sequence is another thick unit (450 

feet) of typical dark green amphibole schist with scattered small 

porphyroblasts of garnet. The upper portion of this unit is largely 

covered. 

The second marble layer is 25 feet thick and is exposed only 

in the northern portion of the area. To the south it is believed to 

be covered by soil and alluvium from the Little Llano River. The 

marble contains roughly equal amounts of calcite and tremolite with 

minor graphite. Segregation into alternating bands of calcite and 

tremolite is common. 

From the marble layer eastward to the synclinal axis the sequence 

is poorly exposed but is predominantly amphibole schist with minor 

discontinuous layers of impure quartzite and quartz-mica schist. The 

thickness of this unit is approximately 1225 feet. 

The total thickness of rock west of the synclinal axis is 

approximately 3300 feet. 

Lithologic sequence east of the synclinal axis. — Because 

structural evidence indicates the presence of a syncline, it is 

proposed that the sequences on either side of the syncline are 

equlvalent, and therefore the following sequence will be discussed from 

the eastern boundary toward the synclinal axis. Inasmuch as the 



mineralogy and fabric of these rocks are similar to those already 

discussed, a detailed account will not he given here. 

The lower portion of the western sequence, including the quartz- 

feldspar marker rock and probably parts of the amphibole schist 

immediately above it, does not occur on the eastern side. It is 

believed covered by Cambrian overlap. 

The basal portion of the exposed section is mainly covered by 

travertine, but where exposed it is typical amphibole schist. This 

schist grades into a discontinuous and interlayered sequence of poorly 

exposed amphibole schist, quartz-mica schist, graphite schist, and 

quartz-feldspar rock. This in turn is adjoined by a thin unit (10-20 

feet) of amphibole schist adjacent to the first marble layer. The 

total thickness to the marble layer is about 500 feet. 

The marble layer is 200 feet thick. It is mainly calcite and 

dolomite with minor bands and stringers of graphite and tremolite; 

however, in places the entire outcrop is composed of tremolite. This 

unit characteristically displays a "staircase" topography caused by 

alternating layers (up to several feet thick) of different resistance. 

The marble is overlain by 350 feet of typical dark green 

amphibole schist, which then grades into a well developed complex of 

interlayered and discontinuous amphibole schist, quartz-mica schist, 

and quartzite. Adjacent to the second marble layer is a thin unit of 

amphibole schist. The total thickness of this complex is 425 feet. 

The second marble layer is 25 feet thick and in general is well 

exposed. Calcite and dolomite are the major constituents, but 

tremolite typically occurs as thin, highly contorted bands. 
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From this marble layer westward to the synclinal axis there is 

an extremely thick (1700 feet) and monotonous section of fine-grained 

amphibole schist. SSnall garnet porphyroblasts are locally well 

developed in this section. Discontinuous layers of quartz-mica 

schist and impure quartzite occur sporadically and in minor amounts. 

The total thickness east of the synclinal axis is approximately 

3200 feet. 

Relation of the two sequences. — In general there is rather 

good lithologic evidence that the area is folded into a syncline 

(Figure 15). The best evidence comes from the marbles and their 

distances apart. In addition, the lithologies above and below the 

marble are correlative in a general way to their proposed equivalent 

on either side of the syncline. Between the two marble layers there 

is, however, a discrepancy which involves the relative position of 

the quartz-mica schist and the thick amphibole schist. These 

sequences are apparently reversed on either side of the synclinal 

axis; however, for a classical synclinal relationship the sequence 

should be similar. Hence it appears possible that the structural 

relationships are much more complicated than proposed, and that the 

observed sequence is the result of complex faulting and overturning. 

It is also possible that the eastern unit is higher in the section 

and was overturned during the intense deformation which caused the 

observed reversal of dip. Perfect lithologic agreement should not 

necessarily be expected in metamorphic terrains because numerous 

variables could complicate the rock types. For example, the 
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differences could be due either to facies changes in the original 

rock type or to faulting before metamorphism. In addition the sequence 

of the rocks observed is dependent on whether the foliation that 

was produced by metamorphism parallels the original layering, and 

whether deformation occurred during or after the metamorphism. The 

classical synclinal sequence would be found only if the original 

units were continuous; if the foliation parallels the original 

bedding; and if deformation is later than the metamorphism. 

The synclinal hypothesis is preferred for the following reasons: 

(l) presence of two marble layers on either side of the axis at the 

appropriate distance apart; (2) general agreement of the lithologies; 

(3) the dip of schistosity and slight plunge of the body to the north 

is in agreement with the interpretation proposed for the gravity 

data; (4) the agreement with the over-all structural picture of the 

Llano uplift; and (5) it is the "simplest" explanation. 
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Figure 15. Lithologic section of the area. 



Figure 16. - Porphyroblastic amphibole schist. The porphyro- 

blasts are the small white specks. The thickest white band is 

composed of quartz and feldspar; the thinner white bands are plagio- 

clase . 



Figure 17• - Photomicrograph of a garnet porphyroblast in 
amphibole schist. Garnet (light gray) is surrounded by plagioclase 
(white) and hornblende (dark gray). Ordinary light, x25- Photo by 
Don Dalrymple. 
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Figure l8. - Quartz-feldspar insets in amphibole schist. Note 
the dark segregation zone of hornblende and biotite surrounding each 
inset. 
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Figure 19- - Quartzite and quartz-feldspar marker rock. The 

beds are essentially vertical in the foreground. 
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Figure 20. - Well-exposed amphibole schist near the Valley 
Spring gneiss escarpment. 
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Figure 21. - Photomicrograph of a typical amphibole schist 
Minerals are hornblende (dark gray) and plagioclase (white). Ordinary 
light, x25- Photo by Don Dalrymple. 
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Figure 22 Banded marble exposed on the Little Llano River 
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Metamorphic Facies 

The metamoiphic rocks of the Little Llano area belong to the 

lower-temperature range of the almandine amphibolite facies as defined 

by Turner (Fyfe, Turner, and Verhoogen, 1958)• 

Typical assemblages in the Little Llano area are as follows: 

(1) pelitic assemblages: 
hornblende-plagioclase-garnet 

homblende-plagioclase-garnet-quartz(-biotite) 

hornblende-plagioclase-garnet-diqpside 

hornblende -plagioclase-diqpside 

(2) quartzo-feldspathic assemblages: 
quartz-microcline-plagioclase-biotite-epidote 

quartz-microcline-epidote 

(3) calcareous assemblages: 
calcite-tremolite-quartz 

calcite-dolomite-tremolite(-quartz) 

(4) basic assemblage: 

hornblende -plagioclase-dippside 

The plagioclase typically is oligoclase-andesine, but less 

commonly it is labradorite-bytownite. 

The quartzo-feldspathic, the calcareous, and some of the pelitic 

assemblages are characteristic of the lower-temperature range of the 

almandine amphibolite facies, but the, hornblende-plagioclase- 

diqpside association, which is quantitatively rare, is more typical 

of higher temperatures and pressures. Epidote, which is more common 

than diopside in the almandine amphibolite facies, is generally absent 

in the rocks of the area. The presence of diopside instead of epidote 

may be attributed to comparatively low load pressures. It is an 

empirical fact that epidote is rare in the hornblende hornfels facies 

but is common in the almandine amphibolite facies. Because the same 
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temperature range is assigned to both facies, the pressure seems to he 

the controlling factor in the formation of epidote. That is, at low 

pressure diopside and plagioclase are stable instead of epidote, 

whereas at high pressure epidote is stable. This observation has been 

stated by Turner (Fyfe, Turner, and Verhoogen, 1958, p. 229). Because 

epidote requires more calcium in its lattice than diopside does, 

wherever epidote is unstable, the plagioclase may have any composition 

depending on the amount of calcium available. Hence the presence 

of diopside and the high calcic content of some of the plagioclase is 

believed caused by comparatively low load pressures during the 

metamorphism of rocks high in calcium. 

The metamorphic rank of the Packsaddle schist in this area 

apparently is slightly lower than that of the Packsaddle in the south¬ 

eastern part of the uplift where Clabaugh (1958) found the assemblages 

hornblende-labradorite and sillimanite-almandine-quartz-feldspar. 

Origin of the Packsaddle Schist 

All previous workers on the Packsaddle schist of the Llano uplift 

(Paige, 1911, 1912; Stenzel, 1935, 1936; Clabaugh, 1958) have con¬ 

cluded that the series is mainly of sedimentary origin. Paige (1912) 

mentions the possibility that amphibolite has formed by metamorphism 

of old basic intrusives or flows. 

In the Little Llano area no pre-metamorphic features are recognizable 

with the exception that the schistosity essentially parallels the 

original layering. Hence any insight into the origin of the schist 

must be determined from the metamorphic features alone. The presence 
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of marble, graphite, and quartzite is the test evidence for a sedimentary- 

origin. In addition, the thick sequences of amphibole schist inter- 

layered with quartz-mica schist are conformable with the marble and 

quartzite and therefore appear to be of similar sedimentary derivation. 

An explanation of the mode of origin must also consider the 

mineralogy or composition of the rock. According to Turner (Williams, 

Turner, and Gilbert, 195^-) > amphibolites derived from mixed calcareous 

sediments are characterized by preponderance of blue-green hornblende 

over plagioclase, an abundance of green diopside, presence of epidote, 

and the general absence of garnet. He further states that, in 

amphibolites formed from basic igneous rocks, hornblende and plagio¬ 

clase (An25-An4o) tend to be equally abundant. Garnet and epidote 

may also be present. On the basis of Turner's mineralogical criteria, 

the amphibole schists of the area may be derived from fine-grained, 

impure calcareous and dolomitic sediments, for the hornblende-plagio¬ 

clase ratio is about 3:1> diopside is present, and garnet occurs 

in minor amounts. However, dolomite is not commonly associated with 

relatively large amounts of argillaceous material and limestone. 

Hence the sedimentary origin mentioned above may be questioned on the 

basis of sedimentary associations. 

The chemical composition and the mineralogy of the amphibole 

schist suggests some conflicting evidence on the origin of the schist. 

Table VI shows the partial chemical composition of four representative 

samples of amphibole schist. A comparison of Table VI with Poldervaart1s 

(1955, Table 2l) table on the average composition of rocks shows that 

the average amphibole schist of the area has a chemical composition 
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similar to that of basic igneous rocks with high (10$) CaO, hut has a 

different composition than the average sedimentary or acidic rock 

types. The similarity between the average amphibole schist of the 

area and the average of 1065 basic igneous rocks with high CaO is 

also shown in Table VT. 

The percentage of SiOg (50.14$), AlgO^ (l7»05$)> MgO (l.37$), and 

total iron (1^.42$) and the Na/K ratio are the best chemical criteria 

for arguing about origin. The percentage of AI2O3 is higher than the 

percentage given for an average basic igneous rock but matches closely 

some average sedimentary rock types. The high AI2O3 may thus indicate 

an original sedimentary rock or an aluminous basic igneous rock. 

There is also the possibility of analytical error. The samples contain 

a minor amount of Ti02 (present in sphene and possibly in hornblende) . 

Although an attempt was made to remove the titanium during the chemical 

analysis, all of the titanium was probably not removed and this amount 

would appear with the total percentage of AlgO^ (Thomas Mackey, Jr., 

personal communication). The percentage of TiO^ in the rocks probably 

is as much as several percent, and thus the slightly high AI2O3 may 

be explained in this way. Hence, because the percentage difference 

is probably within the range of analytical error and because the 

difference is small, no conclusions can readily be drawn on the basis 

of the AI2O3 percentage. 

The rock is exceptionally low in MgO; in fact, the amount is 

significantly lower than the amount in basic igneous rocks and slightly 

lower than in most sedimentary rocks. The low MgO content of the 

schist is thus more indicative of a sedimentary origin. The low amount 
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of MgO militates against a basic igneous origin because the total iron/ 

Mg ratio would be considerably higher than any average basic igneous 

rock. 

The amounts of silica, iron, and sodium in the rocks offer better 

evidence. The percentage of silica, which is closely comparable to 

the silica value of the average basic igneous rock, is significant because 

silica is not a highly mobile constituent, and thus the amount of 

silica probably has not changed appreciably during metamorphism. The 

present percentage of silica may be different than the original amount 

because of a possible addition or subtraction of other constituents, but 

these changes would be small and should not significantly affect the 

percentage of silica, which makes up approximately one-half of the 

rock. In addition, none of the sedimentary "or acidic igneous rock 

types listed in Poldervaart's table have low silica in conjunction 

with high iron and sodium, and only a certain combination of average 

limestone and graywacke (with high iron) would approach the observed 

composition. Although the association of limestone and graywacke is 

fairly common, the proportions of these two types required to produce 

a composition similar to that of the amphibole schist could not be 

considered characteristic of an average sedimentary rock type. Hence 

from a consideration of average rock types, the amphibole schist is 

most closely allied to an average basic igneous rock. 

The probable high Na/K ratio suggests additional evidence on the 

origin of the Packsaddle schist. The high sodic content of the horn¬ 

blende and the plagioclase (An^o)> quantitatively important minerals 

in the area, as compared to a low potassium value, evidenced by minor 
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amounts of potassium feldspar and biotite, probably indicate a high 

Na/K ratio. If this ratio is true, then a sedimentary origin is less 

tenable. Poldervaart's table on the average composition of rocks 

shows that the Na/K ratio of 289 amphibolites is about 3:1* This 

ratio compares favorably with the Na/K ratio (2 to 4:1) of IO65 basic 

igneous rocks with high (10$) CaO, whereas the various average 

sedimentary and acidic igneous types have a ratio generally less than 

one, and only in the average graywacke is the ratio close to 2:1. It 

should be pointed out that a quantitative study of hornblende-plagio- 

clase versus potassium feldspar-biotite was not made, and that evidence 

for the Na/K ratio is based on considerations of total rock and on the 

optical properties of hornblende and plagioclase. A consideration of 

the total rock indicates a great preponderance of amphibole schist, 

which suggests a high Na/K ratio. In addition, the optical properties 

of the quantitatively important minerals were investigated. The 

optical data indicate that, quantitatively, the composition of hornblende 

and plagioclase is relatively uniform in the area, and that both horn¬ 

blende and plagioclase have compositions relatively high in sodium. 

Although optical methods are generally unreliable indicators of exact 

composition, they are sufficiently accurate that there is fairly good 

evidence for a high sodium content in the total rock. 

The high Na/fc ratio can be explained if the anrphibole schist is 

derived from basic igneous rocks. The rocks may be submarine basalts 

and/or basic ash interlayered with argillaceous sediments and lime¬ 

stones which were converted to amphibole schist, quartz-mica schist, 

and marble during metamorphism. The above discussion of the igneous 
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origin of the amphibole schist, based on the Na/K ratio, is included 

only as a suggestion. The argument may be invalid, for gross generaliza¬ 

tions are used in arguing about small ratio changes. 

The high Na/K ratio may also be attained by addition of sodium and/ 

or removal of potassium from the rocks. This possibility must be 

seriously considered because of the high total of alkali in the rocks. 

These changes could have been induced shortly after deposition of the 

original rock or later, possibly by a metamorphic process. Hence the 

original composition of the rock may well have differed from its present 

composition. 

Clearly a definite statement concerning the origin of the schist 

cannot be given; several generalizations may, however, be stated. 

The great thicknesses of the schist, the fine-grained character, the 

presence of graphitic marble, the high calcium content, and the small 

amount of free silica all indicate accumulation in a marine environment. 

These rocks may all be of sedimentary derivation or may be derived 

from a combination of sediments and basic extrusives. The observed 

features may be explained by either assumption. 

Metagabbro 

As already stated, the contacts of the metagabbro with schist are 

covered, and thus only the mineralogy and texture provide evidence 

concerning the origin of the gabbro. 

The metagabbro is resistant and weathers to rounded humps 

(Figure 23). It contains dark green porphyroblasts of hornblende up to 

10 millimeters long in a fine-grained matrix of whitish plagioclase. 
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Hornblende (Nz = 1.671) and plagioclase (Ani^o) occur in roughly equal 

amounts with minor diopside-augite, sphene, magnetite, and iron oxide. 

Hornblende is porphyroblastic and commonly contains relic anhedral to 

subhedral grains of diopside-augite (Figure 2k). In general the rock 

is crudely foliated. 

The presence of relic pyroxene indicates that the rock was 

originally a gabbro that concordantly intruded the Packsaddle schist 

either prior to or during metamorphism and was converted to amphibolite 

during the metamorphism. The metamorphism did not completely change all 

of the rock but left some of the pyroxene as relics. 

Fine-Grained Granite 

Inasmuch as the different granite bodies generally have identical 

compositions and textures (Figure 25), and because it is believed that 

they are related, they will be discussed together. 

The granites are slightly more resistant to weathering than the 

surrounding schist and consequently form areas of greater relief. 

The granites are pink and fine grained (l/2 to 3 millimeters) and near 

the contacts display a preferred orientation of quartz and biotite. 

These features give the granite a faint foliation and are believed to 

be primary flow structures. 

Modal analyses of typical granite specimens are shown in Table V. 

The similarity of mineral percentages is apparent. The constituents 

are microcline (35$)> oligoclase (25$), quartz (30$), biotite (5-10$) 

with minor muscovite, chlorite, magnetite, albite, zircon, apatite, 

tourmaline, and iron oxide. The microcline shows grid twinning that 
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commonly parallels intergrowths of albite (perthite). Oligoclase has 

a composition that varies from Anpg to An-^ as determined by maximum 

extinction angles of well-developed albite twins. The plagiocla.se is 

partly altered to sericite. Biotite is pleochroic and occurs as small 

brownish or brownish-green euhedral flakes. The rock is mainly 

anhedral, although plagioclase is commonly subhedral to anhedral. 

Myrmekite and microgranitic textures are rare. 

Pegmatites 

The pegmatites (Figures 26-28) were not studied in detail. No 

attempt was made to map the various textures which, indeed, could have 

been done; nor was the mineralogy investigated thoroughly. 

The principal minerals, in order of abundance, are microcline 

(including perthite), quartz, albite, biotite, muscovite, garnet, and 

sericite. Graphic intergrowths of potassium feldspar and quartz are the 

most common texture, but medium- to coarse-grained non-graphic textures 

are present. The average size of the grains is about l/4 inch, but 

some crystals are as much as seven inches long. In general the grain 

size is inconstant and variable. The pegmatites are commonly well 

fractured in a variety of directions. 

The pegmatite dikes are commonly zoned with potassium feldspar 

surrounding the quartz. Many of the dikes are fine-grained and have the 

appearance of "fine-grained granite" dikes. 

Quartz-Feldspar Porphyry (Llanite) 

The quartz-feldspar porphyry (llanite) was described petrographically 
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by Iddings (1904) and analyzed chemically by Washington (iddings, 190^) 

and Goldich (19^-1) . Inasmuch as this rock has been studied in some 

detail, the petrography was not studied by the present writer. 

Iddings described the rock as a gray porphyry with abundant 

phenocrysts of red microcline (26. 5$) and blue quartz (10.7$) in an 

aphanitic to phanerocrystalline groundmass (62.8$). The groundmass 

is composed of quartz (23 -91°) > feldspar (29.2$), biotite (8.6$), 

fluorite (l.0$), and apatite (0.13$) with rare zircon and magnetite. 

The microcline phenocrysts attain a length of 10 millimeters and are 

grid-twinned, with perthitic inclusions of albite in irregularly shaped 

shreds. The quartz phenocrysts are up to 5 millimeters long and contain 

multitudes of minute inclusions which are evenly distributed, except 

for a margin of nearly pure quartz in some grains. The sky-blue opales¬ 

cent color of the quartz phenocrysts is believed caused by scattering 

of blue light-waves from the minute inclusions. 

The fabric of the groundmass is uniformly heterogeneous. It con¬ 

sists of anhedral quartz, free from inclusions, with anhedrons of feld¬ 

spar (including nearly equal amounts of microcline and albite). In 

addition, the matrix contains clusters of graphic intergrowths of 

quartz and feldspar. Biotite, fluorite, magnetite, and zircon are 

generally xenomoiphic. Apatite occurs as microscopic prisms. The 

grains in the groundmass vary in size from 0.1 to 0.01 millimeters in 

diameter. 
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Hickory Sandstone 

The Hickory sandst.one (Figures 29-31) is not included as part 

of the present study. Because its presence to the north and east 

marks the limits of the area, however, a brief description is given. 

The Hickory rests with angular unconformity on the Packsaddle schist. 

Bridge et al. (19V7) redefined the Hickory sandstone and con¬ 

sidered it to be the basal member of the Riley formation, which is upper 

Cambrian. The section they measured on the Little Llano River does 

not include any Hickory sandstone. The present writer, however, found 

that the sedimentary unit overlapping the metamorphic rocks is a non- 

calcareous quartz conglomerate and sandstone (Hickory). 

The Hickory sandstone in the area is typically whitish to shades 

of yellow, brown, and dull red-brown. The rock is composed of medium 

to coarse quartz grains (75-90$) in a fine-grained ferruginous; matrix 

(10-251°) • The quartz grains are subrounded to subangular and range 

in size from l/8 millimeter to as much as 10 millimeters in the 

conglomeratic phases. The average size is 1 to 3 millimeters. In 

general the sandstone is poorly sorted. The Hickory is commonly 

cross-bedded and locally contains concentrations of coarse material in 

a medium-grained rock. Another common feature is the presence of 

networks of silicified ridges (Figure 3l) that are probably fracture 

planes, ^hese raised ridges are generally in the vicinity of faults, 

an observation already noted by Barnes and Parkinson (1939)• 
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Table IV. - Modal Analysis of Marble 

Sample Calcite & Dolomite Trem. Graphite Talc Quartz 

51b 84.4 0.8 12.7 1-5 0.6 

54 99-2 — 0.6 0.2 — 

143 46.2 53-6 0.4 — -- 

Table V. - Modal Analysis of Granite 

Sample K Felds. Plag. Quartz Biot. Muse. Dk.Opk. 

WGl 38.3 26.4 30.9 4.0 0.4 0.1 

183* 37*8 19.1 37-3 5.2 -- 0.5 

192 34.0 24.0 33-0 8.0 1.0 0.1 

298 32.5 24.5 31.9 7.3 3-5 0-3 

*Fine-grained portion of the pegmatite body referred to on 

page 20 of the text. 
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Table VI. - Partial chemical analysis of amphibole schist 

Oxide 
Sample 
number 74 76 90a 194 average 

Poldervaart 
average* 

Si02 49.94 47.79 50.30 52.53 50.14 50.4 

AI2O3 18.90 16.20 17.60 1550 17.05 15-3 

FeO + Fe203 11.60 12.20 16.20 17.70 14.42 11.6 

MgO  ** 0.80 —** 1.94 1-37 6.9 

CaO 14.65 14.25 11.70 9-55 12.53 9.7 

Na20 + K20*** 8.71 9.19 7-54 7.91 8.34 

0
0
 
0

 

O
J 

H
 

l 
1 

cti ^ 

Total 103.80 100.42 103.34 105.13 103.85 97.7 

* Average composition of IO65 basic igneous rocks from 
Poldervaart (1955, Table 21, Index 16-17, 19-21). 

** Percentage of MgO was not determined for these samples. 

*** NapO and K2O were considered together because of the 
difficulty in analytical separation and accuracy. 
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Figure 23- - Metagabbro. Note the poorly developed foliation, 
coarse grain size, and approximately equal amounts of hornblende 

(dark color) and plagioclase (light color). 
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Figure 2b. - Photomicrograph of a relic pyroxene grain surrounded 
by hornblende. Crossed polarizers, x350> Photo by Don Dalrymple. 
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Figure 25. - Typical texture of granite. Major minerals are 

quartz (white color), microcline (grid twins), and plagioclase (albite 

twins and sericite alteration). Crossed polarizers, x25- Photo by- 

Don Dalrymple. 
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Figure 26. - A pegmatite dike in amphibole schist on the Little 
Llano River. The dike is faulted in the background. 
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Figure 27. - A pegmatite dike in marble. No observed mineraliza 
tion along contact. 
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Figure 28. - Coarse-grained pegmatite with a xenolith of 

Packsaddle schist. Note the different orientation of the foliation 

of the xenolith and the foliation of the other Packsaddle. 



Figure 29- - Cross-bedded and conglomeratic Hickory sandstone 
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Figure 30. - Cross-bedded Hickory sandstone. Note the concave- 
convex shape of the bedding. 



Figure 31* - Silicified ridges in the Hickory sandstone. The 
ridges are whitish in color and irregular in outline. This is the 

Hickory downfaulted into the granite. 
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MINERALOGY 

General 

Selected optical properties of various minerals of the Packsaddle 

schist were studied in an attempt to determine the approximate chemical 

composition and compositional variation of the quantitatively important 

minerals. The indices of refraction and the optic angles (2V) of horn¬ 

blende, plagioclase, garnet, tremolite-actinolite, and diopside- 

augite were determined. Other quantitatively important minerals such 

as quartz, microcline, biotite, and sphene were not investigated because 

variations in their compositions are not detectable with the optical 

methods used. The optic angles were determined according to the Berek 

procedure (Emmons, 19^3) with the aid of a Zeiss four-axis universal 

stage. 

Hornblende 

Hornblende is the most abundant mineral in the area. It is 

elongate prismatic and has the appropriate amphibole cleavage. The 

average grain size is l/8-l/4 millimeters in length. Pleochroism 

varies from light yellow-green to blue-green and light yellow-green 

to dark green. The mineral is optically negative and has an optical 

angle of approximately J2°. The index of refraction of the slow ray 

(Nz) averages 1.6j6. 

Although the exact chemical composition of hornblende cannot be 

determined from optical properties, the writer believes the mineral 

has a composition of approximately two-thirds hastingsite and one-third 

edenite with a Fe"/Mg ratio of about 2:3 (Tr&ger, 1956, P• 70, 77j 
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Winchell and Winchell, 1951, p. 434). 

Table VTI shows the (Fe", Mn, Ti)/Mg ratio of thirty-three samples 

as determined from values of Nz and 2V (Trbger, 1956, p. 77)• 

Table VII. - Variation in Fe"/Mg ratio of hornblende 

Sample Nz 2V Fe"/Mg Sample Nz 2V Fe"/Mg 

16 1.674 720 38$ Fe" 140 1.674 _ _ 38$ Fe" 
18 1.674 — 38$ Fe" 151 1.673 37$ Fe" 
34 1.677 -- 42$ Fe" 153 1.684 — 50$ Fe" 

:39 I.676 — 40$ Fe" 194 1.677 68° 42$ Fe" 
74 1.664 82° 26$ Fe" 223 1.675 65° 39$ Fe" 
76 1.660 800 20$ Fe" 239 1.666 — 28$ Fe" 
83 1.666 75° 28$ Fe" 269 1.679 72° 41)•$ Fe" 
86 1.675 — 39$ Fe" 279 1.676 — 40$ Fe" 

90a 1.675 70° 39$ Fe" 307 1.675 67° 39$ Fe" 
90b 1.685 720 52$ Fe" Dii 1.678 76° 44$ Fe" 
90e 1.673 720 37$ Fe" Dv 1.662 68° 23ft Fe" 
90f 1.676 75° 40$ Fe" 310 1.677 -- 42$ Fe" 
90 i 1.686 72° 54$ Fe" 311 1.676 40$ Fe" 
103 1.681 -- 47$ Fe" 312 1.676 — 40$ Fe" 
108 74° 36$ Fe" 313 1.667 — 30$ Fe" 
109 
111 

1.684 
1.712 

72° 50$ Fe" 
80$ Fe" 

Hlbd. 1.671 72° 34$ Fe" 

Plagioclase 

Plagioclase is the second most abundant mineral in the area. The 

average grain size is l/l6-l/8 millimeters in length. The plagioclase 

occurs as subhedral equant grains generally showing a crude zoning. 

Twinning is rare, but a few poorly developed albite twins are present. 

The percentage of anorthite was determined in forty samples by two 

independent methods: (l) determination of the maximum symmetrical 

extinction angle of albite twins (Kerr, 1959) with the aid of a Zeiss 

four-axis universal stage; and (2) by index of refraction using the 
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curves of J. R. Smith (195*0 • The (010) cleavage was used for determining 

the index of refraction of the fast ray (Nx) of plagioclase grains in 

the range of An25~An50• For grains more calcic than An 50, Nz and Nx 

limits were measured. The results are shown in Table VIII. 

The anorthite content varies from An2g to AngQ, but there is an 

almost complete absence of plagioclase in the range Anlj.o to -^n6o • The 

most common range varies from An26 to Anlj.2 and averages Ang2- The 

second range varies from An56 to An8o and averages Ang8. 

Table VIII. - Variation in Anorthite Content of Plagioclase 

Method Method 
Sample Extin. Ix.Refr. Sample Extin. Ix .Refr. 

16 28 101a 30 
18 -- 75 103 — 28 
3*t- -- 39 108 36 -- 

39 -- 77 109 30 30 
7^ — 60 111 — 28 
76 80 140 — 30 
77 32 151 -- 30 
83 56 153 — 28 
86 -- 39 194 36 30 
90a 39 37 223 28 32 
90b 35 -- 269 36 35 
90c 27 — 279 -- 32 
90d 26 — 307 k2 30 
90e 33 35 Di 32 -- 
90f 26 Dv 60 62 
90g 27 -- 310 — 37 
90h 31 -- 311 26 
90 i -- 35 312 28 
90 j 27 -- 313 -- 28 
90k 28 Hlbd 37 . - 4o 

Garnet 

Garnet occurs most commonly along a narrow zone adjacent to the 
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transition 'between the Packsaddle schist and the Valley Spring gneiss. 

It occurs as pink, subhedral porphyroblasts in the amphibole schist 

and averages l/2 to 1 millimeter in diameter. 

The garnet is completely isotropic and has an average index of 

refraction of 1.790* Although the exact composition cannot be de¬ 

termined from index measurements, the garnet is believed to be in the 

pyralspite series and high in ferric iron (Winchell and Winchell, 

1951, fig* 382). 

A single wine-red, euhedral garnet from a pegmatite was found 

to have an index of refraction of 1.810, which suggests the garnets of 

the pegmatite are different from those occurring in the schist. 

Table IX shows the index of refraction values of garnet. 

Table IX. - Index of Refraction Values of Garnet 

Sample 

90a 

90e 

90i 

269 

3^ 
239 
169 (pegmatite) 

Index of Refraction 

1.790 

1.790 

1*773 
1.805 

1*793 
1.792 
1.810 . 

Tremolite-Actinolite 

Tremolite-actinolite occurs as a subsidiary but ubiquitous mineral 

in the marble layers. It forms euhedral, elongate prismatic crystals 

that commonly are in radiating aggregates up to 1 inch in length. Its 

color varies from a dull gray to a pale gray-green. The optic angle is 
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85° and the index of refraction of the slow ray averages 1.628, which 

indicates that the mineral is essentially pure tremolite (2CaO* 5MgO* 

8Si02- H20) (TrBger, 1956). 

Table X lists the values of the index of refraction and the optic 

angle measurements. 

Table X. - Index of refraction and optic angle of tremolite- 

actinolite 

Sample • Nz 2V 

60 1.627 _ _ 

6l 1.630 -- 

51b 1.626 85° 
143 1.629 850 

Diopside-Augite 

Diqpside-augite is rare, but its occurrence is of petrologic 

ingportance. Its presence indicates a high calcium content of the 

rocks, and in addition, it occurs as relics in the metagabbro. The 

diopside-augite forms subhedral to anhedral short prismatic crystals 

that average l/2 millimeter in diameter. Its color is pale green; 

under cross polarizers it has inclined extinction and second order 

interference color. 

The average index-of-refraction values for diopside-augite are as 

follows: Nx = I.685-I.687, Ny = I.687-I.715, and Hz = I.715-I.716. 

On the basis of the index measurements the mineral appears to be diopside. 

Plotting the results on the diopside-hedenbergite curve of Hess (19^9) 

indicates 15$ Fe atoms in total Ca+Mg+Fe, where Ca is constant and near 50 
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CQNCLUSIONS 

As a result of the present study the following conclusions are 

drawn: 

(1) Structural, geophysical, and lithologic evidence indicates 

the Packsaddle schist is an asymmetrical synclinal body on the flank 

of the large Babyhead anticline. 

(2) The body was downfolded immediately following or during the 

regional metamorphism that produced the mineral associations and 

alignment of hornblende crystals. 

(3) The small-scale crenulations perpendicular to the major fold 

axis indicate that the schist was dragged over the gneiss during the 

major deformation or possibly during emplacement of the Lone Grove 

granitic body. The asymmetrical shape of the schist is believed to 

be caused by the Lone Grove body. 

(4) The emplacement of the granite occurred after the downbuckling 

of the schist and occupies structurally controlled areas near the 

trough of the syncline and along the schist-gneiss boundary. 

(5) The granite bodies are steep-walled, elongate, and discordant 

with the schist. 

(6) The internal features of the granite are believed to be 

primary. Their parallelism to the schistosity of the country rock is 

caused either by continuation of stress that produced the schistosity 

or by flowage during upward movement of magma. 

(7) Pegmatite dikes are located along pre-existing fractures. 

(8) The boundary between the Packsaddle schist and the Valley 

Spring gneiss is transitional. 
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(9) The metamorphic rocks belong to the lower-temperature range 

of the almandine amphibolite facies. 

(10) The metamorphic rocks are either of sedimentary origin or 

are derived from a combination of sediments and basic extrusives. 

Before metamorphism these rocks probably accumulated in a marine 

environment. 

(11) Relic pyroxene and coarse texture indicate the presence of 

a metagabbroic dike or sill. The metagabbro intruded the schist prior 

to or during regional metamorphism. 

(12) Quartz-feldspar poiphyry (llanite) occurs as lenses that 

are structurally unrelated to the other structures of the area. 
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