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ABSTRACT
Mesoproterozoic metamorphic rocks exposed in the eastern Llano uplift, central

Texas, were involved in a ca. 1150–1116-Ma Grenville-age orogenic event along the
southern margin of Laurentia. Collision of the exotic Coal Creek arc and a southerly
continental block with Laurentia tectonically telescoped and stacked three distinct
lithotectonic domains. A major ductile shear zone forms the contact between the Coal
Creek ensimatic arc terrane, the southwesternmost domain, and rocks with Laurent-
ian affinities to the north. Directly north of the arc boundary, supracrustal rocks of
the Packsaddle domain represent basinal sedimentary and volcanic rocks deposited
along the southern Laurentian margin. Farther north, granitic gneisses of the Valley
Spring domain, which consist of both plutonic and supracrustal rocks, represent a
Laurentian continental-margin arc emplaced beneath the Packsaddle domain along a
shear zone.

Recent mapping in the northeastern uplift shows that the Valley Spring domain
records a polyphase deformational history equivalent to that observed in the Pack-
saddle domain of the southeastern uplift. Early deformation occurred under upper-
most amphibolite-facies metamorphic conditions and was accompanied by partial
melting and formation of foliation-parallel leucosomes, consistent with deformation
deeper in the orogenic pile. Mylonitic rocks in the shear zone separating these two
domains show thrusting to the northeast, similar to that shown by the shear zone sep-
arating the Coal Creek arc from the Packsaddle domain. The Valley Spring domain
igneous complex adjacent to the shear zone is highly attenuated into thin sheets in this
zone.

The Grenville event in the eastern uplift is characterized by polyphase ductile
deformation synchronous with upper amphibolite-facies dynamothermal metamor-
phism. Deformation progressed from northeast-directed ductile thrusting and folding
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INTRODUCTION

The amalgamation of major continents at the end of the
Mesoproterozoic, leading to the formation of the supercontinent
Rodinia, resulted in many Grenville-age orogenic belts with
generally similar orogenic histories (e.g., Dalziel et al., 2000).
Laurentia, which plays a central position in Rodinian recon-
structions, has a Grenville-age orogenic belt along both its east-
trending southern margin and its northnortheast-trending
eastern margin (Fig. 1, inset) (Mosher, 1998). The timing and
style of orogenesis along the two margins are similar, leading to
the question of whether (1) a single continent-continent colli-
sion resulted in a continuous Grenville orogenic belt along the
entire Laurentian margin or (2) two separate continents collided
with Laurentia nearly contemporaneously, producing orogenic
belts along the orthogonal margins. The answer to this question
is critical for reconstructing the Rodinian supercontinent and
lies in the kinematics of the deformation along the two margins.

The eastern margin of Laurentia records continent-conti-
nent collision at ca. 1.1–1.0 Ga, which telescoped previously
formed or accreted island arcs, allochthonous terranes, and older
basement with their transport generally orthogonal to the Lau-
rentian margin (Moore and Thompson, 1980; Davidson, 1986;
Easton, 1986; Rivers et al., 1989; Corriveau et al., 1990; Culotta
et al., 1990; Gower et al., 1990; Indares, 1993; Connelly et al.,
1995; Gower, 1996). The latest movement on the frontal thrusts
is dated at 995–980 Ma (Krogh, 1994).

Along the southern margin of Laurentia, the high-grade col-
lisional core of the Grenville-age orogen is exposed in the Llano
uplift of central Texas, as much as 300 km behind the deforma-
tion front, and the frontal region is exposed in west Texas, where
metamorphic rocks were thrust over foreland Mesoproterozoic
rocks (Fig. 1, inset) (Mosher, 1998). Within the southeastern
Llano uplift, an accreted exotic-arc terrane was thrust north-
eastward over basinal supracrustal rocks that record polyphase
deformation and thrusting along ductile shear zones, with tec-
tonic transport to the northeast (Mosher, 1998). In west Texas,
metamorphic rocks record northwestward transport associated
with oblique, dextral transpression (Grimes 1999; Grimes and
Mosher, 2003). These rocks decrease in grade northward from
mid-amphibolite to lower-greenschist facies, where they are
thrust over sedimentary and volcanic rocks in the foreland

(Grimes, 1999); the underlying narrow fold-and-thrust belt also
formed in a transpressive setting, although the shear sense is
unknown (Soegaard and Callahan 1994). Mosher (1998) called
on the collision of an indentor continent from the south to
explain the generally northward transport that diverges from
northwest in west Texas to northeast in central Texas. Syn-meta-
morphic deformation in the orogen core occurred ca. 1150–1116
Ma, whereas deformation in west Texas was later, with the lat-
est motion on frontal thrusts ca. 1030–981 Ma (Mosher, 1998;
Grimes, 1999).

The nearly orthogonal orientation of the Laurentian mar-
gins and interpreted convergence directions imply collision of
separate continental blocks (Mosher, 1998; Grimes, 1999;
Dalziel et al., 2000; Tohver et al., 2002; Grimes and Mosher,
2003). Collision of a single eastern continental block, as implied
by Bickford et al. (2000) and Karlstrom et al. (2001), would
require bulk transcurrent motion and associated deformation
along the entire southern margin. In the Llano uplift, evidence
from the southeastern uplift (Carter, 1989; Nelis et al., 1989;
Reese, 1995; Reese and Mosher, in press[CW1]) was used to
support collision of a continental block from the south or south-
west. The possibility remains, however, that deformation in this
area could be solely related to accretion of the arc terrane, and
the rest of the uplift could record transcurrent-related deforma-
tion. In this paper, we present the results of two structural stud-
ies in the northeastern uplift that demonstrate that the entire
eastern uplift has a similar tectonic and kinematic history and
that deformation is not partitioned between convergent and tran-
scurrent motion.

Lithotectonic Domains

The Mesoproterozoic metamorphic rocks of the Llano
uplift are divided into three regionally extensive lithotectonic
domains, which are from north to south in the eastern uplift: the
Valley Spring domain, the Packsaddle domain, and the Coal
Creek domain (Fig. 1) (Mosher, 1996, 1998; Roback, 1996a).
The Valley Spring domain consists of plutonic and supracrustal
rocks interpreted to represent a continental-margin arc, terrige-
nous clastic rocks, and some older continental basement
(Mosher, 1998; Zumbro, 1999; Reese et al., 2000). It consists
predominantly of quartzofeldspathic gneisses, with minor inter-
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(D1, D2), which accommodated collision-related crustal thickening and contraction, 
to polyphase regional-scale folding (D3, D4, D5), which accommodated continued 
collision-related north- to northeast-directed contraction. The kinematics of the defor-
mation in the eastern uplift are consistent with the northeastward collision of an exotic
arc terrane and a southern continental block with the generally east-trending Lauren-
tian margin. No evidence of transcurrent motion along the margin has been observed.
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