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ABSTRACT 
The Falls Lake melange crops out in the eastern Piedmont of 

North Carolina between the Carolina slate belt and the Raleigh belt. 
The melange is composed of mafic and ultramafic blocks and pods of 
diverse shapes and sizes, dispersed without apparent stratigraphie 
continuity, in a matrix of pelitic schist and biotite-muscovite-
plagioclase-quartz gneiss. Textures and structural relationships 
suggest formation by a combination of sedimentary and tectonic 
processes, perhaps in the accretionary wedge of a convergent plate 
margin. The Falls Lake melange and the overlying late Proterozoic 
to Early Cambrian volcanic-arc terrane of the Carolina slate belt 
were thrust upon a probable continental terrane of the Raleigh belt 
before overprinting by late Paleozoic folding and metamorphism. 

Rocks of this newly recognized melange have been previously assigned 
to the Raleigh belt (Parker, 1978), to the Carolina slate belt (Wylie and 
Stoddard, 1984), or to a volcanogenic sequence in the "Raleigh block" 
considered to be an eastward continuation of lithologies occurring in the 
Carolina slate belt (Farrar, 1985a). The Falls Lake melange (Fig. 1) has 
been mapped in detail from near Wilton in Granville County, North 
Carolina, southward for about 40 km to the west side of Raleigh in 
Wake County, North Carolina (Carpenter, 1970; Horton et al., 1985a, 
1985b; J. W. Horton, Jr.; and D. E. Blake, unpub. mapping). It may 
extend 35 km farther south into Harnett County to include nonbedded 
conglomeratic rocks interpreted by Parker (1979) as diamictite. The 
present thickness of the melange is about 3.5 km, and it has an outcrop 
width of 4 to 8 km. 

INTRODUCTION 
A melange terrane, the Falls Lake melange (Horton et al., 1985a, 

1985b), has been recognized in the eastern Piedmont of North Carolina 
along the boundary between the Carolina slate belt and the Raleigh belt. 

* Present address: Chevron USA, P.O. Box 1150, Midland, Texas 79701. 

MATRIX, BLOCKS, AND INTERNAL FABRIC 
The Falls Lake melange is a metamorphosed terrane composed of 

mafic and ultramafic blocks and pods of diverse shapes and sizes, from 
about 1 cm to 7 km in length, dispersed without apparent stratigraphic 
continuity in a matrix of schist and gneiss. The dominant variety of me-
lange matrix is biotite-muscovite schist containing quartz and plagioclase. 
Biotite is typically more abundant than muscovite, and chlorite is a 
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Figure 1. Generalized 
geologic map of north-
central North Carolina, lo-
cating Falls Lake melange 
with respect to major geo-
logic features of eastern 
Piedmont. Adapted in 
part from North Carolina 
Geological Survey (1985), 
Farrar (1985a), Carpenter 
(1970), and Druhan 
(1983). 
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EXPLANATION 

Durham Triassic basin 

Late Paleozoic granites 

Volcanogenic terrane of Eastern 
slate belt and Raleigh belt 

Volcanogenic terrane of Carolina 
slate belt 

Falls Lake melange, showing major 
ultramafic and mafic bodies (black) 

Gneiss and schist terrane of western 
Raleigh belt 

Lineated "Falls leucogneiss" 

Possible extension of (Grenville?) 
Goochland terrane in Raleigh belt 

Geologic contact, dashed where 
uncertain 

Mesozoic normal fault (hachures on 
hanging-wall block) 

Thrust fault, dashed and queried 
where uncertain 

: Nutbush Creek mylonite zone 
• Axial trace of antiform or 

antidinorium (arrow indicates 
direction of plunge) 

Diamictite of Parker (1979) 
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common minor constituent. Garnet is common; kyanite and staurolite are 
less common. This pelitic schist, interpreted as a metamorphosed mud-
stone, is locally interlayered with biotite-muscovite-plagioclase-quartz 
gneiss which is considered a metagraywacke. 

Pods and lenses of amphibolite and lesser amounts of hornblende 
gneiss and hornblende-biotite gneiss make up about 10%-15% of the me-
lange unit. These mafic rocks contain hornblende, plagioclase, and locally 
one or more of epidote, chlorite, biotite, and quartz. Relict igneous min-
erals and /or textures have been observed in some blocks of the melange. 
For example, relict ophitic textures (also described by Farrar, 1985b), 
observed in a large mafic body west of Raleigh (Fig. 1) and in smaller 
bodies to the north, indicate gabbro protoliths for these bodies. Other 
mafic blocks, including thinly banded hornblende gneiss and hornblende-
biotite gneiss, may be volcanic in origin. 

Ultramafic fragments include serpentinite, chlorite-actinolite schist, 
soapstone or talc schist, and hornblendite. These are most abundant 
north of Raleigh where they constitute 15%-20% of the melange. The 
serpentinite is fine grained and massive. It contains thin streaks of mag-
netite, fibrous tremolite, and, less commonly, relict(?) olivine and chro-
mite (Parker, 1979; Moye, 1981). In the chlorite-actinolite schist, either 
actinolite or chlorite may predominate; talc plates and magnetite oc-
tahedra are common in minor amounts. The soapstone and talc schist 
contain talc, varied amounts of chlorite and actinolite, locally a carbonate 
mineral whose former presence is indicated by rhombohedral cavities, 
and rare (relict?) clinopyroxene. The hornblendite is composed of horn-
blende and minor epidote and garnet, but no quartz. 

Previous workers have interpreted the larger, map-scale ultramafic 
bodies as intrusions (Carpenter, 1970; Parker, 1979) or tectonic slices 
(Farrar, 1985b). Many of these ultramafic bodies have chlorite-rich or 
leucocratic metasomatic rims, but none have thermal contact aureoles. 
North of Raleigh the ultramafic rocks occur as fragments as small as 1 
cm, and all, regardless of size, are confined to a single host unit (i.e., the 

Figure 2. Saprolite exposure showing fragments of actinolite-chlorite 
rock (dark) in biotite-muscovite schist matrix (light). Foliation in frag-
ments and in matrix is parallel. Schistosity and parallel leucosomes cut 
across a partly rounded, equant block (lower left) without deflection; 
this indicates that block was fragment (sedimentary clast?) before 
schistosity and leucosomes formed. Thin, lenticular fragments that 
show pinch-and-swell structure (along left margin) are deformational 
features. Preservation of both predeformational and syndeformational 
fragments in a single outcrop is attributed to heterogeneous strain. 

Falls Lake melange; Fig. 1). Clearly, they are fragments of larger bodies. 
It has been suggested (Moye, 1981; Stoddard et al., 1982) that the ultra-
mafic rocks aie dismembered ophiolite fragments. 

The lenticular shapes, concordant schistosity, and pinch-and-swell 
structure (Fig. 2) characteristic of most ultramafic and mafic blocks can 
be explained sis boudinage resulting from a ductility contrast between 
blocks and matrix. The boudinage is clearly a deformational feature. 
Some of the s mall blocks, however, have rounded to angular shapes and 
embayed mar gins (Fig. 3) that suggest a sedimentary origin. Further-
more, the earliest schistosity recognized in the matrix, and parallel leuco-
somes cut across these blocks without deflection (Fig. 2); this fact 
indicates that the fragment-in-matrix fabric predates the schistosity. 
These observations suggest that the Falls Lake melange, like many others 
(Silver and Bcutner, 1980; Cloos, 1982; Raymond, 1984; Cowan, 1985), 
formed by a combination of sedimentary and tectonic processes. 

Metamorphic conditions in the blocks and matrix before and during 
the emplacement of the melange by thrusting (discussed below) are un-
certain. The Mineral assemblages characteristic of intermediate-pressure, 
upper greenschist facies to middle amphibolite facies regional metamor-
phism were produced by a late Paleozoic (Alleghanian) overprint (Rus-
sell et al., 1985; Stoddard et al., 1985a). Evidence of subsequent, lower 
greenschist facies retrogressive metamorphism is widespread (Wylie, 
1984). 

B O U N D A R I E S O F T H E M E L A N G E T E R R A N E 
The Falls Lake melange is allochthonous, and the contacts are 

clearly defined lithologically. The poorly known terrane of the Raleigh 
belt west of the Nutbush Creek mylonite zone but immediately east of 
and structurally beneath the melange in the core of the north-plunging 
Raleigh antiform (Fig. 1) contains no ultramafic rocks. Rocks there con-
sist of quartz«)feldspathic gneiss, which may have felsic igneous and/or 
arkosic sedimentary protoliths of continental provenance as suggested by 
Stoddard et al. (1978), and beds of aluminum-rich graphitic mica schist, 
which may have originated as muds deposited in a restricted basin. The 
presence of these rock types, as well as the regional gravity low in the 
area, suggests ensialic material of possible continental origin. Farrar 
(1985a) has suggested that gneisses of the Raleigh belt east of the "Falls 
leucogneiss" (see Fig. 1) may be a southern extension of the Goochland 
terrane of eastern Virginia, which has relict granulite-facies mineral as-
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Figure 3. Angular blocks of amphibolite (top) and hornblendite in 
quartzose biotite-muscovite schist matrix. Schistosity dips west (right) 
and cuts across block margins. Angular shapes and embayed margins 
(e.g., top of block below lens cap) cannot be explained by deforma-
tional fabric and suggest partly sedimentary origin. Lens cap diameter 
is 5 cm. 
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semblages and which he interprets as Grenville in age. Still, the ages of, 
and structural relations be tween, the rocks of these areas are unresolved. 

T h e basal contact of the Falls Lake melange wi th the underlying 
terrane is interpreted to be a folded thrust fault (Wylie , 1984; Wyl ie and 
Stoddard, 1984; Hor ton et al., 1985a, 1985b; S toddard et al„ 1985b). 
This fundamenta l discontinuity, m a p p e d earlier by Parker (1979) as an 
angular unconformity, was not m a p p e d by Farrar (1985a , 1985b), w h o 
included the rocks on both sides within his informally named Smithfield 
format ion. Rocks on the lower plate adjacent to the thrust include a 
thinly banded biotite quartzofeldspathic gneiss consisting of black biotite-
rich and whi te bioti te-poor discontinuous composi t ional layers less than 
10 m m thick, as well as fine-grained, thinly laminated leucocratic quartz-
ofeldspathic gneiss with polycrystalline quartz ribbons. These rocks are 
interpreted as annealed mylonites (Wylie , 1984; S toddard et al., 1985b). 
This thrust is folded by the upright Raleigh ant i form (Fig. 1) and tran-
sected by younger, Alleghanian-age me tamorph ic isograds (Parker, 1979; 
Russell et al., 1985; S toddard et al., 1985a). T h e melange and its folded 
basal thrust are t runcated on the east by the Nutbush Creek myloni te 
zone (Fig. 1). 

Recent ly proposed tectonic models suggest that the Carol ina slate 
belt, lying to the west of and structurally above the Falls Lake melange 
(Fig. 1), originated in a volcanic-arc setting associated with subduct ion 
(Kish and Black, 1982). However , the nature of the upper contact of the 
melange with stratified volcanogenic rocks of the Carol ina slate belt 
(Cary sequence of Parker, 1979) has not been determined. The Falls 
Lake melange is similar in tectonic position to the Macon melange of 
Higgins et al. (1984) which reportedly underlies a l lochthonous rocks of 
the Carol ina slate belt in Georgia. 

T E C T O N I C S I G N I F I C A N C E 
Fossils reported by Secor et al. (1983) indicate that the Carol ina 

slate belt is an exotic terrane that in Cambr ian t ime was located a w a y 
f rom Nor th America . The Falls Lake melange and this overlying, ac-
creted volcanic-arc terrane of the Carol ina slate belt were thrust upon a 
probable continental terrane of the Raleigh belt, which m a y or m a y not 
represent par t of ancestral Nor th America . Overprint ing by late Paleozoic 
folding and me tamorph i sm fol lowed. 

T h e Falls Lake melange fits the description of C o w a n ' s (1985) type 
III melange and m a y have fo rmed by any of several processes in an ac-
cretionary wedge, or even by processes not restricted to convergent mar-
gins. It m a y or m a y not represent a subduct ion melange (e.g., Cloos, 
1982) in which the maf ic and ul tramafic f ragments are oceanic material, 
perhaps derived f rom the underpinnings of the Carol ina slate belt vol-
canic arc (Stoddard et al., 1985b). Studies of the geochemistry of the 
blocks, the internal fabric of the melange, and its upper contact with 
stratified rocks of the Carol ina slate belt, as well as studies to characterize 
adjacent terranes of the Raleigh belt, are being designed to test such 
models. 
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Reviewer's comment 

Reveals that melanges can be recognized in high-grade terranes, that the 
tectonic history of the Appalachian-Caledonian orogen has yet another 
similarity to Cenozoic orogenic belts, and that melanges m a y pervade 
the geologic record. 
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