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Constraining an exhumation process for the Lick Ridge Eclogite, NC 

 
Abstract 

The exhumation mechanism for large eclogite blocks in the Blue Ridge is an ongoing 

debate in Appalachian geology. Current hypotheses suggest that eclogite facies rocks are 

typically exhumed by one of three mechanisms; as high-grade blocks entrained in flowing 

mélange (e.g. Franciscan Complex),  through buoyant obduction of eclogite carried within a 

more felsic matrix, or by obduction through back-arc extension. The Blue Ridge eclogite exhibits 

properties of each mechanism. The size (>1 km) of the individual Blue Ridge eclogite blocks is 

not compatible with exhumation within a flowing mélange. However, the blocks are surrounded 

by metamorphosed accretionary wedge sediments, which suggest the Franciscan-style. Recent 

research shows uniform omphacite c-axis orientations among widely scattered blocks of eclogite 

in the Blue Ridge, implying that they were exhumed within a coherent, regional eclogite facies 

terrane (Syvertsen, 2004). This implies that the amphibolite grade rocks between the eclogite 

blocks have also experienced eclogite facies metamorphism.  My project is focused on testing 

the hypothesis that the eclogite bearing rocks of western North Carolina constitute a regional 

eclogite facies thrust sheet. I will accomplish this by studying mineral inclusions in zircons 

separated from the rocks in the surrounding Ashe Metamorphic Suite. If zircons contain eclogite 

facies minerals, this will suggest that all rocks, both the eclogite and the surrounding rocks, 

experienced eclogite facies metamorphism. If no eclogite minerals are found, it will suggest that 

very large eclogite bodies (>1 km) can be emplaced individually within a subduction complex.  I 

will also complete whole rock Nd-isotope geochemistry and compare values that those known of 

the REE deficient Lick Ridge eclogite. 

 



Background 

Eclogite facies rocks are generally defined as meta-basic rocks where plagioclase is not a 

primary phase (Carswell, 1990). Due to their high density, there are many theories as to how 

these high pressure rocks are exhumed to the surface. The Lick Ridge eclogite, discovered by 

Rod Willard and described by Willard and Adams (1994) is located in the Eastern Blue Ridge in 

Western North Carolina. Eclogite bodies are located near the base of the Ashe Metamorphic 

Suite, bounded on the west by the NE/SW trending dextral Burnsville fault, interpreted as a 

reactivated Taconic suture (Adams et al., 1995). The Western Blue Ridge, west of the Burnsville 

fault contains Laurentian basement (Adams et al., 1995). 

Willard and Adams (1994) proposed two exhumation theories; 1) Eclogite formed on 

Laurentia during the Grenville orogeny and was later incorporated into a shear zone during the 

Paleozoic compressional event (as an eclogite facies terrane), or 2) the eclogite blocks and ultra-

mafic blocks were entrained in a pelitic matrix (accretionary mélange) within the basal shear 

zone of the Ashe Metamorphic Suite, and suggested that the Franciscan Complex would likely 

look similarly if subjected to later phases of amphibolite facies metamorphism. Until recently, 

research most closely supported the theory that the Lick Ridge eclogite was exhumed by means 

of an accretionary mélange. Grenville emplacement age was also possible. However, Miller et al. 

(2000) determined a well-constrained age for the eclogite bodies as 460 Ma, ruling out Grenville 

emplacement. 

Geothermobarometry supported evidence that the eclogite is part of subduction-related 

accretionary mélange; due the metamorphic pressure gradients preserved in the surrounding 

pelitic rocks (Abbott and Greenwood, 2000; Abbott and Greenwood, 2001). Applying cation-

exchange geothermometers in both the eclogite and the surrounding pelitic rocks, there appears 



to be a variation in tectonothermal histories (Willard and Adams, 1994). The eclogite has varying 

P/T paths, depending on the model, ranging from 500-790ºC and 13-18 kbar (Willard and 

Adams, 1994; Page et al., 2001). Conversely, the surrounding pelitic rocks yield 580-640ºC and 

6-8 kbar (Willard and Adams, 1994). This suggests the eclogite and surrounding rocks formed 

independently rather than a coherent terrane.   

Trace element and REE geochemistry shows two isotopic suites, one composition 

matching mid-ocean ridge basalt and the other composition matching an ocean plume basalt, 

consistent with seamount subduction exhumation through an accretionary mélange (Abbott and 

Greenwood, 2001). The geochemistry of amphibolite from the Ashe Metamorphic Suite and 

Alligator Back formation yields protolith signatures similar to that of the eclogite, interpreted as 

emplacement in a relict back-arc basin (Miller et al., 2000). 

In spite of evidence for Franciscan-style exhumation, large blocks of eclogite were 

discovered on Lick Ridge by Adams et al. (1995). The large size of the blocks (>1 km) are too 

large to be exhumed within an accretionary mélange. Cloos (1982) showed through modeling 

that within accretionary mélanges with a pelitic matrix containing a high shale/sandstone ratio, 

large eclogite bodies, on the order of 25 m, will sink at a much faster rate than the upward 

convective flow, making large eclogite bodies unlikely to be exhumed through mélange 

convection.  

Eclogite age (460 Ma) suggests that the eclogite rose as a coherent unit during the 

Taconic collision (Waters et al., 2001). If the age post-dated the collision, then it would more 

likely be a result of a Franciscan-type emplacement model (Waters et al., 2001). Ages must be 

carefully analyzed in order to determine orogenic significance. Bradley (1989) noted that 

magmatism associated with the Taconic orogeny can be a proxy for plate convergence. The 



Persimmon Creek tonalite from the Eastern Blue Ridge yields ages of 455.7 ± 2.1 Ma (Miller 

and Stewart, 2002) and 468 ± 3 Ma (McDowell et al., 2002), suggesting Taconic emplacement. 

Garnet ages from the underlying Pumpkin Patch thrust sheet of 457 ± 2 Ma and 458 ± 17 Ma 

also support this timing of the Taconic collision (Goldberg and Dallmeyer, 1997).  

Alternatively, exhumation by means of extensional processes has been modeled, with 

success even where compressional processes dominate (i.e. convergent boundaries)(Platt, 1986). 

Platt (1986) proposed in three high pressure terranes; the Franciscan Complex, the Alps, and the 

Betic Cordilleras, exhumation of accretionary wedge sediments occurred as a result of 

underthrusting followed by underplating of thrust sheets to the base of the accretionary wedge 

resulting in overthickening of the wedge and subsequent extension. Extensional unroofing has 

been proposed in the Blue Ridge due to evidence of isothermal decompression in the retrograde 

path (Dubé, 2001; Page et al., 2003). If extensional unroofing was responsible for eclogite 

formation, the rest of the Ashe Metamorphic Suite would have also experienced high pressure 

metamorphism (Stewart and Miller, 2002). 

Recent research shows uniform omphacite c-axis orientations among widely scattered 

eclogite blocks which support exhumation as a coherent, regional eclogite facies terrane 

(Syvertsen et al., 2004). My research is focused on studying the surrounding Ashe Metamorphic 

Suite, currently interpreted as either the accretionary mélange or retrograded eclogite, in order to 

further constrain which exhumation mechanism was responsible for the Lick Ridge Eclogite. 

Oriented quartz needles in clinopyroxene have been used in the past to infer ultra-high 

pressure metamorphism, such as in the Norwegian Caledonides and the Dabie Shan (Page et al., 

in press). However, Page et al. (in press) determined quartz needles in clinopyroxene from the 



Blue Ridge eclogite are not evidence of ultra-high pressure metamorphism, and thus shouldn’t be 

used as a proxy for ultra-high pressure indicators in the Ashe Metamorphic Suite. 

Alternatively, inclusions in zircons can be used as a proxy for peak metamorphic grade 

due to their heartiness. Dubé (2001) studied zircons from Ashe Metamorphic Suite amphibolite 

collected from the Micaville Quadrangle to compare inclusions with that of the eclogite 

(example in Figure 2). Analysis of 100 zircons inclusions of a single sample locality yielded 

inclusions of primarily apatite + quartz + biotite, suggesting Ashe Metamorphic Suite 

amphibolite never reached peak eclogite facies metamorphism (Dubé, 2001). Though the 

previous study failed to yield eclogite facies inclusions, my study will focus on samples of larger 

lithological variation located geographically closer to mapped eclogite bodies located in the 

Bakersville Quadrangle. These samples, if exhumed as a coherent terrane, are assumed to have a 

greater likelihood of experiencing eclogite facies metamorphism due to closer proximity to 

eclogite facies rocks. 

Comparison to Sulu Terrane, China 
 

Similar techniques have been implemented in eclogite belts around the world to 

determine whether severely retrogressed terranes experienced eclogite facies metamorphism. 

One example is in the Dabie-Sulu terrane of east-central China where ultra-high pressure (UHP) 

minerals such as coesite and diamond have been widely found in eclogite bodies (Liu et al., 

2001). However, retrogression has obliterated all signs of eclogite facies metamorphism in 

surrounding paragneisses and orthogneisses (Liu et al., 2001). These paragniesses and 

orthogneisses are similar to that of the Ashe Metamorphic Suite due to extensive retrogression 

seen through high pressure mineral assemblages replaced by lower pressure minerals due to a 

late amphibolite facies overprint. In order to constrain whether paragneisses and orthogneisses 



experienced peak eclogite facies metamorphism, Liu et al. (2001) completed SEM, CL, and 

Raman spectroscopy on zircon fractions from both paragneisses and orthogneisses. Figure 4 

shows the inclusion analysis of the paragneiss. Due to presence of coesite and omphacite 

inclusions, it is interpreted that these rocks experienced UHP metamorphism (Liu et al., 2001). 

However, certain orthogneiss samples contain quartz and lacks coesite and omphacite, 

suggesting not all of the orthogneiss reached peak eclogite facies conditions, or some zircons 

formed pre- or post- eclogite facies metamorphism (Liu et al., 2001). Therefore, using Raman 

spectroscopy will help constrain whether the AMS experienced eclogite facies metamorphism. 

Proposed Work 

Potential Outcomes and Implications 

Zircons from multiple locations within the Ashe Metamorphic Suite (AMS) will be 

analyzed in order to determine whether these rocks experienced peak eclogite-facies 

metamorphism. Samples were chosen from six localities with different lithologies within the 

AMS to accurately represent the entire unit (Figure 1). Zircons are being separated by standard 

techniques and will be mounted using techniques outlined in Dubé (2001). Samples will then be 

analyzed by first through optical petrography, followed by SEM and Cathodolumiscence (CL) to 

detect and primitively analyze the composition of inclusions within the zircons and help 

constrain the origin of each zircon fraction through mineral inclusions.   

Inclusion mineralogy will be compared to that of the eclogite, examples seen in Figures 2 

and 3. However, SEM only provides an estimate of the elemental make-up of its target and has 

limitations in mineral identification. For example, coesite, a high pressure polymorph of quartz 

commonly found in eclogite facies zircons, appears identical to quartz in SEM. Therefore, 



zircons will also be examined with Raman spectroscopy to determine its crystal structure for 

positive identification.  

The presence of coesite and other eclogite facies minerals within AMS zircons will 

support the hypothesis that all rocks of the AMS experienced eclogite facies metamorphism, and 

thus were exhumed as a large coherent block. The absence of coesite and other eclogite facies 

minerals will suggest one of two scenarios; that the large blocks of the Lick Ridge eclogite can 

be emplaced within an accretionary mélange, or they were exhumed within a back-arc basin 

above the subduction zone (Misra and Conte, 1991).  

Sample BAK04-002, an Ashe Metamorphic Suite amphibolite, will be dated using U-Pb 

geochronology of zircon or titanite. If the U-Pb yields an age similar to that of the eclogite (460 

Ma), it would provide further evidence of co-formation with eclogite zircon. If zircon ages differ 

from 460 Ma, then the results would be compared to other mineral fractions from the eclogite 

and Ashe Metamorphic Suite. Miller et al. compiled various ages from eclogite mineral fractions 

and found three major groupings of ages, 459 +1.5/-0.6 Ma, 394 ± 4 Ma and 335 Ma, suggesting 

correlation to the Taconic, Acadian, and Alleghanian orogenies respectively.  

Sample Preparation 

Zircons were separated from samples from two separate sample localities using standard 

zircon separation techniques; BAK04-001, basement granulite, and BAK04-002, Ashe 

Metamorphic Suite amphibolite (Figure 1). Whole rock was first sledged into fist-sized pieces 

and fed through a jaw crusher, yielding gravel-sized fragments. Samples were then loaded into 

the disk mill, grinding samples to fine sand-sized particles. The resulting sand was processed 

through the water table, separating heavier and lighter mineral fractions. The heavier mineral 

fractions were then run through a Franz magnetic separator at intervals of 0.25A, up to and 



including 1.75A. The least magnetic fraction was then processed through MEI heavy liquid 

separation, separating out the densest minerals (including zircon) from the lighter non-magnetic 

minerals. BAK04-002 required further magnetic separation to remove pyrite from the resulting 

grains. To accomplish pyrite removal, the sample was run through the Frantz magnetic separator 

at 1.75A and an angle of 10º. 

The resulting fraction from BAK04-001 was composed largely of zircon (Figure 1) and 

was separated into ten fractions (Figure 5), listed in Table 1. However, BAK04-002 contained 

substantial amounts of apatite and pyrite (Figure 1) which required handpicking of zircon from 

the other mineral fractions and zircons were substantially smaller and less abundant than 

BAK04-001. Zircons from BAK04-002 were separated into four zircon and one rutile fraction 

(Table 2)(Figure 6). Zircon fractions were then mounted in organized rows onto double sided 

tape and mounted with epoxy. Mounts were then polished half way through zircon grains in 

order to see mineral inclusions. 

Preliminary Timeline of Lab Work Completion 

June 1, 2005: Complete sledging the final 4 buckets of samples for zircon extraction. 

July 1, 2005: Complete extracting zircons from final 4 buckets. 

July 2005: Analyze final 4 buckets in SEM and CL and obtain crude estimate of zircon inclusion 

mineralogy. 

August 2005: Start/complete Raman spectroscopy on suitable samples. 

October 2005: Obtain more field samples. 

Fall 2005: Process new samples and start preliminary drafts of thesis and complete any work 

now necessary. 

Spring 2006: Continue writing thesis and filling in blanks with lab work. 



June 15, 2006: Deadline for full first draft of thesis. 

August 2006: Defend thesis. 
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Figure 5: Zircon Fractions for BAK04-001 

 

Figure 6: Zircon Fractions for BAK04-002 

 

 

 

 

 

 

 

 

 



    
Table 1 

Sample: BAK04-001     

   
Lithology: Laurentian Basement 

Granulite    

Fraction: Morphology Color Size 
# 

Mounted 
B1Z1 Rounded, no fractures Colorless to slightly yellow Large 5 
B1Z2 Rounded, w/fractures Colorless Large 6 
B1Z3 Rounded, no fractures Bright orange Small 6 
B1Z4 Elongate, w/fractures Colorless to slightly orange Large 20 
B1Z5 Elongate, few fractures Yellow to orange Small 22 
B1Z6 Elongate, no fractures Colorless Small 15 
B1Z7 Rounded, no fractures Yellow to orange Small 16 
B1Z8 Rounded, no fractures Clear Small 37 

B1Z9 
Rounded, red 

inclusions Colorless with red/orange inclusions Large 3 
B1Z10 Rounded, w/fractures Orange Large 1 

        

      
Total 

Mounted 131 
 

    
Table 2 

Sample: BAK04-002     

   
Lithology: Ashe Metamorphic Suite 

Amphibolite    
Fraction: Morphology Color Size # Mounted 

B2Z1 
Slightly elongate to 

circular Faint orange Medium 14 
B2Z2 Rounded Colorless Small 50 
B2Z3 Slightly elongate Colorless Small 16 

B2Z4 
Varies, irregular shaped 

rims Colorless Varies 18 
B2R1 Elongate Very orange/red Very Small 2 

        
      Total Mounted 100 
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