
Lake Murray gneiss. Mylnitized feldspar porphyroclasts impart a streking to the rock.

Isoclinally folded quartzofeldspathic gneiss (F!?) refolded by F4, Irmo deformation,
plunging steeply to east-northeast. View is approximately to northwest.

Late dextral fault offsetting felsic layer in Lake Murray gneiss.

Amphibolite layer(s?) torn up in peltic schist matrix, example
of tectonic melange.

Isoclinally folded metasiltstone from Carolina terrane refolded by Irmo folds that
plunge to east-northeast. View approximately to northwest. Early folds are interpreted
as Delmar phase, F1.

Kyanite cluster in biotite schist.

Harmonic fold with layers of different competence. Noticed mafic layer (competent) is
extended on bottom limb. Key for decipering F1 folds?

Late mineralization in pelitic schist near a quartz layer. Andulasite crystal.

Pod of tightly folded interlayers of amphibolite and quartzite within pelitic schist and
quartzite layers.

Close up of harmonic fold with layers of different competence.

Complex multilayers exhibiting harmonic and disharmonic folding styles.

Variation of Pumpelly’s Rule, large structures mimicking the small structures. Large
porhyroclast of amphibolite with Si = Se (note dismembered fold in lower tail).

Late Mesozoic mafic dike cross cutting schists and amphibolite
layers.

Southern contact of Lake Murray gneiss and pelitic schist.

Folded and extended pegmatite layer in Lake Murray gneiss. Note S-fold shape in
pegmatite; this must be something other than an Irmo (F4) fold.

Sheared rock along southern contact.

Garnetiferous pelitic schist.

Folded and extended pegmatite layer in Lake Murray gneiss.

Garnetiferous pelitic schist. Internal foliations often visible in garnet porphyroblasts.

Distended folds of amphibolite and quartzite layers in pelitic schist.

Garnetiferous pelitic schist with xenoliths of Lake Murray gneiss
near northern contact.

Lake Murray gneiss with mineral lineation on main foliation.

Lake Murray gneiss with feldspar porhyroclasts. Main foliation (S2 - Modoc) is
horizontal. Secondary foliation (S4 - Irmo) parallel to pencil.

Figure 6. Aerial image of south side of Lake Murray dam. Entrance to spillway is off Route 6, parking area is
adjacent to spillway access. 

Figure 2. Geology around Lake Murray as mapped by Secor and others (1986a).

Figure 3. Detail of Figure 2 and cross section showing potential detachment zone as modeled
by Snoke and Frost (1990).

Figure 4. Detailed map of Spillway by Irv Kiff (from Snoke, 1978).

Figure 5.  Road map showing location of Spillway from Interstate 26 and 20 exits.

Folded amphibolite and quartzofeldspathic layer. Possible F1 fold.

Contact Information for Lake Murray Spillway
Joe Lemmon
jlemmon@scana.com
(803) 217-9163
Planning a trip
-2-3 weeks advanced notice is needed
-College level only
-Weekdays are best (weekend requests may not be accommodated)
-Lead person has a cell phone during the trip into the Spillway

What you need to know to get into the spillway
No waivers required, come at your own risk
No restroom facilities
Wear substantial shoes (no flip flops)
Hard hats not required
Group needs to stay together, practice the buddy system

Scientific collecting
Photographs of outcrops only. No pictures of the manmade infrastructure
Sampling. Be mindful of future visitors, take all the loose material you want.

Day of the trip procedures.
Call Joe Lemmon 30 minutes prior to arrival
Call Joe Lemmon on exiting the spillway. You may be asked to close and lock the gate behind you.

Figure 1. Regional map from Hibbard and others (2002) showing terrane
composition of southeastern Piedmont.
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ABSTRACT

The Lake Murray Spillway is one of the preeminent exposures in the Piedmont of South Carolina 
and southeastern Appalachians. The Spillway is an emergency overflow channel for Lake Murray 
and is spectacular for both its extent of outcrop and the features contained within the rocks. The 
Spillway is on the south side of Lake Murray dam (also known as Dreher Shoals dam) just off 
Route 6 and is located approximately 7 miles west of center city Columbia. The dam is operated 
by South Carolina Electric and Gas (SCE&G, a SCANA corporation), and permission must be ob-
tained in advance to enter. This exposure is available only for college-level or above organized 
groups for educational purposes. Several restrictions are imposed by SCE&G. Details concerning 
restrictions and contact information are provided at the end of this presentation.

The Spillway is an excellent laboratory, which can be used to begin an exploration of the adjacent 
area. The exposed geology shows structural, petrologic, stratigraphic, mineralogic, and tectonic 
relations. Much of our understanding of the Spillway and surrounding geology comes from the 
work of Donald Secor (USC) and his associates. Secor (1986) described 4 deformational events in 
the surrounding area. Rocks in the Spillway are primarily deformed by the 2nd (mylonitic defor-
mation) and 4th events. Evidence for the 1st and 3rd deformations, however, is not impossible to 
recognize. Other relations include a significant contact between Lake Murray felsic gneiss and gar-
netiferous pelitic schist exhibits both intrusive and structural origins. The garnetiferous pelitic 
schist is an excellent example of porphyroblastic relations from multiple deformations and con-
tains amphibolite facies assemblages that include kyanite and staurolite. Numerous pegmatitic 
and felsic layers are complexly folded. Boudinage structures within amphibolite layers and many 
other kinematic indicators of movement are present. Tectonically, parts of the exposure contain 
structural mélanges. Late Mesozoic mafic dikes are present, and brittle structures offset all 
younger features. The Spillway at Lake Murray is one of the largest and most revealing exposures 
in the entire Appalachian Mountain system. It is possible to teach every course in geology using 
this exposure with the exception of paleontology. 

Two major rock types are found in the Spillway:  Lake Murray granitic gneiss and pelitic schist. 
There are lesser amounts of amphibolite, quartzite, and variations of gneissic and schistose com-
positions. The Lake Murray gneiss is an orthogneiss with an age of 421 Ma (Samson and Secor, 
2000). It consists of microcline, quartz, and oligoclase with trace amounts of muscovite and bio-
tite (Snoke and Frost, 1990). The pelitic schist contains the assemblage quartz-plagioclase-
muscovite-biotite-garnet-kyanite-staurolite-rutile-ilmentite. It is distinctly aluminous and is part 
of a paragneiss package representing an original sedimentary sequence. Large, inclusion-rich 
garnet porhyroblasts distinguish this unit. Within the pelitic sequence there are folded interlayers 
of quartzite, amphibolite, and other lesser rock types. Mineral equilibrium studies indicate P-T 
conditions of 645° to 695°C and P = 7.2 to 8.2 kb (crustal levels 28-32 km).

In this area, structural evidence of D1 deformation has always been rare. It is thought to be an 
early to mid-Paleozoic deformation (post Cambrian deposition and pre Devonian intrusions) asso-
ciated with low- to medium-grade metamorphism. D1 deformation was manifested as an isoclinal 
folding event in both Dreher Shoals and Carolina terrane rocks. Because only remnants of isocli-
nal folds are found, it is further suggested that transposition accompanied the later stages of this 
deformation. Alternatively, strong shearing during D2 could also have contributed to erasing ear-
lier D1 structures. Where found these isoclinal folds are evidence of the earliest structural con-
nection between the two terranes; however, this hypothesis has several problems. Particularly, 
isoclinal folds of one deformational event look much like isoclinal folds from another deforma-
tion. D1 folds are recognized because they fold compositional layering that appears premetamor-
phic. Although the correlation is based primarily on fold style, the lack of evidence for another de-
formation in either terrane to correlate the isoclinal folds with is absent. 

D2 deformation (Modoc shear) recorded intense mylonitization associated with the Modoc shear 
zone and peak metamorphism in the Dreher Shoals terrane. The Modoc zone contains interlay-
ered psammitic biotite gneisses, amphibolite, coarse biotite schist, felsic gneisses, and migmatite. 
Most rocks have mylonitic textures and fabrics, which makes up the dominant foliation through-
out the Spillway. Given the definition of F1 folds above, folds associated with Modoc deformation 
can only truly be recognized when they fold a preexisting metamorphic foliation. Other tight and 
isoclinal folds are problematic as to whether the folded surface is original or metamorphic in 
origin. One new observation on the Modoc deformation event concerns the development of mig-
matite. Migmatites are found throughout the biotite gneisses. They occur as layers of biotite 
schist (mesosome) and felsic gneiss (leucosome) parallel to foliation. In many cases, it is possible 
to trace gradationally from the psammitic biotite gneiss to the felsic gneiss. Many of the large 
felsic plagiogranite layers are interpreted as leucosome layers. One suggestion is that the meta-
morphic conditions during D2/M2 may be a result of shear heating. Although the 
infrastructural/suprastructural model of these two terranes has been discounted (Pray, 1997), 
and the model of the Modoc zone as a low-angle detachment fault has also been discarded (Secor 
and Snoke, 2002), the question of how two terranes from two different crustal levels can be found 
adjacent to each other still remains.  

D3 (Clarks Hill) deformation has been recognized only in the Carolina terrane. This deformation 
characteristically consists of upright open flexural slip folds, but it is a progressive deformation 
with a range of structures from sheath folds, overturned northwest-verging folds, thrust faults, 
and refolded earlier F3 folds. 

The last major ductile deformation is the late Alleghanian D4 (Irmo) event, which included the de-
velopment of the dextral Irmo shear zone. On the basis of the distribution of D4 structures, 
Dennis (1985) delineated the boundaries of the shear zone. Reconnaissance in the area surround-
ing the Irmo quadrangle supports the distribution of D4 structures, and the width of the Irmo 
shear is around 20 km. D4 structures consist of numerous distributed shears, faults with duplex 
structures, folds, and cleavages. Thin, dextral shears parallel to the main foliation offset post-D2 
felsic veins. Early faults are approximately parallel to the main foliation, and they show signs of 
retrogressive phyllonitization. Commonly, disrupted quartz layers are associated with these 
faults. Most folds produced by D4 are spectacular asymmetric dextral z-folds. These are RSC 
structures as defined by Dennis and Secor (1987). In some cases, an axial planar cleavage devel-
ops that consistently strikes north of the east-northeast to northeast-striking main foliation. In 
some places, this new cleavage transposes the main foliation, so that layering starts to take on a 
new orientation. The development of Irmo z-folds also appears to be progressive. Faulting is char-
acteristic of the late stage of fold development. Faults splay off the main foliation plane, through 
the short asymmetric fold limb, and detach the z-fold.
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