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GLY 421: Petrology of the Blue Ridge Province, VA

Spring, 2010
Preparation for the trip:

Read the sections in your textbook on 

1- Igneous structures (Chapter 4)

2- Go over the chapter on the classification of igneous rocks.

3- Go over the nomenclature of pyroclastic rocks.

4- Go over chapter 21 (Introduction to metamorphism)

5- Read pages 491 – 506 (metamorphic textures)

6- Read pages 537 – 549 (Facies)

7- Any reading on the Geology of the southern Appalachians with some emphasis on the Blue Ridge province would help (see reference list).

Things to bring with you:

1- Brunton compass (check it out from Janet)

2- Rock hammer, preferably a sledge hammer.

3- Hand-lens + pocket knife

4- Clipboard, field notebook, marker pens, pencils, rulers, erasers, and sharpeners.

5- Hiking shoes and clothes that are comfortable and water resistant. Be prepared for cold and possibly rainy weather. 

6- Packed lunches for 2 days? (unless you want to eat at fast food places).
Please note that no alcoholic drinks are allowed while we are doing field work. To ensure everyone’s safety, consumption of alcoholic beverages is also prohibited during the entire duration of this trip.

Itinerary:

· Friday at noon: leave Marshall University

· Arrive at stop 1 ~ 3:00 p.m. Work on stops 1 – 3 along Hwy 21.

· Drive to Independence to eat dinner at a restaurant and spend the night at Grayson Inn & Suites (Tel: 276-773-3313).

· Saturday morning: Breakfast at the motel; prepare packed lunches? Hit the road ~ 8:00 a.m. Cover stop 4 at Mt. Rogers. Eat lunch.
· Saturday afternoon: Cover stops 5 through 8. Drive to Claremont, NC via Statesville, spend the night at Super 8 Motel in Claremont (828-459-7777).
· Sunday morning: Breakfast at Motel. Leave for Asheville at ~ 8:00 a.m.; arrive at stop 9 at ~ 11:00 a.m. Lunch at stop 9. Leave for stops 10 – 11 ~ 12:30 p.m. Work on stops 10 & 11 until ~ 2:00 p.m. Head back to highway and towards Huntington. Stop along the way at Kingsport (stop 12). Expected arrival at Huntington ~ 7:30 p.m.

Introduction to the Geology of the area

The geology of Virginia and North Carolina is best interpreted in the context of the evolution of the southern Appalachians. This material can be best found in articles such as that of Hatcher (1989), as well as several useful websites such as: http://csmres.jmu.edu/geollab/vageol/vahist/16pghisH.html prepared by Fichter and Baedke, and 

http://www.radford.edu/~fldsch/RUFieldschool/fieldtrips/MountRogers/MtRogersIndex.html prepared by the Radford University Geology Field School (J. Tso). In fact, I strongly encourage you to read the material on these two web sites before our trip. Most of the material presented here is from these web sites, Hatcher’s paper, and Rankin’s (1992) work. 

The southern Appalachians are subdivided into five NE-SW trending physiographic/ geologic provinces namely: the Allegheny Plateau (Cumberland plateau), Valley and Ridge, Blue Ridge, Piedmont, and Coastal Plain (Fig. 1). Each of these provinces more or less extends up and down the east coast from Georgia to New York with Virginia more or less in the middle. These provinces are physiographically and lithologoically distinct, each containing a different set of rock types of different ages and structures. They were brought together by a series of collisions between the North American continent, several island arcs, and Africa. These collisions occurred during the Grenville orogeny (1.2 Ga), the Taconic orogeny (Ordovician), the Acadian orogeny (Devonian, marked by the Avalon terrane colliding with Laurentia), and the Alleghenian orogeny (Permian). Some of these orogenies were followed by periods of rifting. This is best illustrated by Table 1 and Fig. 4.

In this field trip, we will focus mainly on the Blue Ridge Province. The Blue Ridge province includes both the Blue Ridge mountains (Skyline Drive and the Blue Ridge Parkway), and the strip of land to the east running through Galax, Charlottesville, Culpepper, and Warrenton. It is thrust onto the Valley and Ridge province along the “Blue Ridge Fault”, and is itself overthrust by the Piedmont terrane along the Bowens Creek Fault (Fig. 5). The Blue Ridge province consists of coarse grained igneous and metamorphic rocks of the “Grenville basement”, overlain by metasedimentary and metavolcanic rocks of the “Lynchburg Formation” (mostly known as the Ashe and Alligator Back formations) and its stratigraphic equivalent??? the Mount Rogers and Konnarock Formations (Late Proterozoic). The latter two formations represent acidic and basic volcanic and pyroclastic rocks (Mt. Rogers) and glacial deposits (Konnarock), overalain unconformably by the Cambrian Chilhowee Group.

Structurally the Blue Ridge province is a large, eroded anticline overturned to the west (Fig. 3). The core of the anticline is composed of igneous and metamorphic rocks of the Virginia Blue Ridge Complex (although it also includes late Proterozoic intrusives and sediments). They are the oldest rocks in VA at 1.1 Ga (and a protolith dating back to 1.8 Ga). The east and west flanks of the anticline are much younger volcanics (Crossnore event which produced the Mt. Rogers Formation) and clastic sediments. The clastic sediments fill rift grabens on the northwest and southeast flanks of the anticline (Lynchburg, Ocoee, Grandfather Mtn., Mt. Rogers Groups). Stratigraphic thicknesses range from about 3000 meters to 7000 meters. The final filling of the graben and creation of a continental rift is preserved in the metamorphosed lava flows (Catoctin formation) and sedimentary rocks (Chilhowee Group and Evington formation) that are about 570-600 million years old. All of these units were part of the Laurentian continent, and collectively lumped into what is known as the “Western Blue Ridge” (Fig. 1). The “Central” and “Eastern Blue Ridge” terranes consist of schists and gneisses occurring in several thrust sheets (Figs. 1 & 10). The protoliths of these units are thought to have formed off the coast of Laurentia and include the Coweeta Group and the Ashe metamorphic suite. Both of these units are considered the temporal equivalents of the Lynchburg unit by some workers. Faults separating these three terranes (WBR, CBR, and EBR) are given different names (or are different faults!) in different states/ areas, but the ones we will try to locate on this field trip include the Haysville (between the WBR and the CBR; day 3) and the Fries thrust (separating the EBR from the CBR & WBR; Figs. 5 & 9; day 2).  
It should also be pointed out that all of the units in these different thrust sheets have been variably metamorphosed during the Taconic, Acadian, and Alleghanian events (Fig. 4; Table 1). Metamorphic grades vary considerably from lower greenschist to Upper amphibolite/ granulite facies conditions. The metamorphic grade generally increases to the SE within some of these sheets, where isograds have been mapped successfully (e.g. Abbott & Raymond, 1997). In other sheets, mapping isograds has proven significantly more difficult. 
On this field trip, we will examine rocks belonging to these units:

Cranberry Gneiss

Mount Rogers Formation

Striped Rock Granite

Lynchburg Formation

Ashe metamorphic Suite

Catoctin

Chilhowee

Make sure you write down your observations on each of these units, and then try to understand their space – time relations (and tectonic settings) when they first formed, as opposed to their present day field relations.
Name: _____________

Road Log and Description of Stops

Figs. 4 & 5
Stop 1:

Approximately 16 – 17 miles south of Wyethville, VA, on US 21. Exposures of the Chilhowee group are present on both sides of the road. These rocks, deposited during the Late Precambrian – Early Cambrian as clastic sediments probably in a rift setting, are now weakly metamorphosed into slates and phyllites. In this outcrop, identify as many different rock types as you can in the space below. Keep an eye open for metavolcanics as well. 

Rock 1:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 2:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 3:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

In the space below, measure the attitudes of the schistosity (appearing as cleavage), and bedding. 

Bedding:

Foliation (cleavage): 

Sketch these relations. To what conclusions do these measurements lead you? Explain.

Is there any other “petrographic” evidence at this stop that supports the conclusion above? Explain.

Stop 1b (time permitting??):

Continue driving south on 21 for one mile from the last stop. Stop along the shoulder of the road in front of a large vertical road cut on the east side of the road. Note the attitude of the bedding in this outcrop, and the variety of rocks exposed here (they are still all members of the Chilhowee group). Note how the foliation appears to be discontinuous in this outcrop compared to that seen at stop 1. Give a reasonable explanation for this observation after sketching it.

Stop 2:

22.6 miles south of Wytheville on 21. Rocks of this outcrop belong to the “Cranberry granite and Gneiss” unit, of Precambrian age representing the oldest unit seen in our trip.

Identify the two different rock types exposed in this outcrop in the space below. 
Rock 1:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 2:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Which one of these rocks is older? What led you to this conclusion?

Stop 2b (time permitting?):

23.2 miles south of Wytheville. Stop at shoulder on the right side of the road before reaching “Discovery Lane” on the left. The same rocks exposed in the last stop can be seen in this stop, but they have been strongly sheared. Sketch the field relations seen here in the space below, labeling all features clearly. Indicate the features that confirm your conclusion that you reached at stop 3 about relative ages.

Stop 3: 

Drive for ~ 6 more miles from stop 4 on 21(2 miles N of independence). Striped Rock Granite is obvious in the background on the east side of the road. The age of this rock is 695 Ma. In the space below, describe this granite carefully (although the rock is badly weathered here). Also comment on the type of weathering affecting this granite.

Stop 3b: (time permitting??)
Continue driving on 21 south then turn left onto Peach Bottom Road. Drive up this road for ~ 1 mile (0.87 miles), pull over at a quarry. Please be cautious here as there is a sign of “No trespassing!). Examine the same granite closely in outcrop.
Texture:

Mineralogical composition:

Rock name:

Type of weathering:

What type of granite is this? (Peraluminous, metaluminous, peralkaline, Katazonal, Mesozonal, Hypozonal, … etc.)?

Comment on any interesting structures that you observe in this outcrop.
Day 2

Leave Motel ~ 8:00. Take route 58 west, drive towards the Grayson Highlands State Park (~ 17 miles from motel). Note that the road makes a sharp turn to the left, so be prepared for this turn shortly after you see the signs towards Volney (on the right). Entrance to the park is on the right. Enter the park, and drive 0.3 miles to the first outcrop on the left. 
Stop 4T (tentative): (Fig. 6)
3.4 miles N of Volney on 16 (pull over before Nightingale lane on the south side of the road). Examine a variety of metamorphic rocks at this stop (all of which belong to the Cranberry Gneiss). Note the complex folding here which is referred to as “ptygmatic folding”. Also note the boudinage structure. 

Sketch these features in the space below.

Identify as many rocks as possible in the space below:

Rock 1:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Protolith:

Rock 2:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Protolith:

Metamorphic grade/ facies:

Stop 5T: (tentative) (Fig. 6)
How to get there: turn left on 603 at Trout dale. After about 1.7 miles from intersection of 16 w/ 603, ~ 0.5 mile from Trout dale City Limit, park on the right hand side of the road, and cross 603 to examine a road cut of conglomerate. The unit exposed here represents the lower part of the Mount Rogers Formation (but not the lowest member). Identify the rock exposed in this outcrop then answer the following questions:

Rock name:

Rock types involved in its formation: (name at least 3, preferably 4):

Origin and environment of formation:

Stop 6T: (tentative)

About 6 miles from the last stop on 603. Outcrop is on the right hand side of the road, park on the left hand side. Varves showing evidence of soft sediment deformation. Konnarock formation. Note that there are two rock bodies on this hill, the lower one shows the varves very clearly. This is an outcrop of the “Konnarock Formation”, an Upper Proterozoic unit that overlies the Mt. Rogers Formation conformably. 

Rock type:

Rock name:

Origin and environment of formation:

Stop 7T: (tentative)

About 2.2 miles from the last stop. Outcrops of diamictites with dropstones on the right side of the road, just before the intersection of 603 with 600. If you reach Weaver’s Store, you’ve gone too far! This is still part of the Konnarock Formation. 

How is this rock different from the one seen in stop 8?

What implications does this have as to the environment in which this unit formed?

Turn back on 603 all the way till you reach 16, and drive back to 58. Take route 58 west, drive towards the Grayson Highlands State Park (~ 17 miles from motel). Note that the road makes a sharp turn to the left, so be prepared for this turn shortly after you see the signs towards Volney (on the right). Entrance to the park is on the right. Enter the park, and drive 0.3 miles to the first outcrop on the left. 

Stop 4A (Figs. 6 & 7): 

In all of the stops labeled “4”, we will examine rocks belonging (more or less) to the Mt. Rogers Formation. According to Rankin (1994), the Mount Rogers Formation is a sequence of about 300 m of interbedded volcanic and clastic sedimentary rocks. About 2/3 of the formation is a bimodal rhyolitic and basaltic suite of igneous rocks. The sequence also includes some ash flow tuffs. 

There are two different rock types in this outcrop. Describe both.

What does the dark colored rock represent?

Answer: Conglomerate + greenstone.

Stop 4B

1.6 miles from the entrance, you will see outcrops of the “Fees member” on the left hand side of the road. Describe the rock in the space below.

Color:

Mineralogy:

Texture:

This rock is (circle one): 

lava flow


welded tuff

Name:

Stop 4C: After 2.4 miles from the entrance, you come across outcrops of the Buzzard member. 
Color:

Mineralogy:

Texture:

This rock is (circle one): 

lava flow


welded tuff

Name:

Stop 4D: Drive all the way up the road to the parking lot next to the Visitor center. Park and walk across (away from the Visitor Center) to the “Buzzard rock” area (also known as the “Wild Cat Rock”. Describe this rock below:

How do you think this rock formed?

Stop 4E: Drive back to the Massie Gap area. Park in its parking lot, and walk to the “Appalachian Spur Trail”. As you walk up this trail, you will come across the Buzzard Rock and Wilburn members of the Mt Rogers Formation (see Figs. 7 & 8). Keep an eye for peralkaline minerals, ash flow tuffs, lithophysae, columnar-like jointing, … etc. as you hike. Describe at least two different rock types in the space below, indicating their names, and whether they are flows or tuffs. 

After 3.6 miles from entrance, you find the Massie Gap parking area. The road then winds and circles, and now exposes the Whitetop Rhyolite member. Park at the end of the parking lot in front of the visitor center. After 0.8 miles, you come across Buzzard rock member (flow layering and amygdules filled with CaF2) in blocks blasted from the outcrop. Park at end of Parking lot and walk out to the Wildcat rocks. Here you will see a volcanic agglomerate with clasts of rhyolite, but also a few greenstones. 
Leave State Park ~ 1:00 p.m., take 58 East towards Independence and Galax. Before getting to Galax, make a left turn on Route 94 N towards Fries. 

Stop 5 (Fig. 5)
A series of several ad-hoc stops along route 94 N towards Fries examining rocks belonging to the Ashe/ Alligator back units and the Chilhowee Group. The road winds back and forth between these two units and intersects the “boundary” between them. We will try to determine the nature of this “boundary” by carefully examining the different structures and rock types at these stops. At the last stop (in the town of Fries) examine the rocks exposed.
What type of rock is exposed here?

Measure the foliation at this location.

Comment on the nature of the boundary between Chilhowee and the Ashe/ Alligator back units in these stops.

Stop 6 (Fig. 5)
Drive into Galax along US 58. Cross the Western River, and make a left turn at the 1st stop light afterwards. Examine the outcrops on the East side of the road, and describe at least two different rocks below. Look for very large crystals of a brown mineral. Keep in mind that these rocks belong to the Ashe/ Alligator back units (equivalents of the Early Paleozoic Lynchburg Formation and possibly even the Mt. Rogers Formation!).

Rock 1:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 2:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Based on the mineral assemblages in these two rock types, identify the facies of metamorphism:

What was the protolith of these two rocks? Why are they somewhat different mineralogically?

Are there any interesting structures in this outcrop? If so, describe and sketch them. 

How do these structures relate to the foliation?

Stop 7: (Fig. 5)
Drive for ~ 2 miles to the East on US 58 towards Hillsville. Stop at quarry on the south side of the road. The rocks here are probably part of the “Ashe and Alligator Back formations”. Examine the rocks exposed here and describe them in the space below.

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Identify the protolith of this rock. State your reasons.

Stop 8 (Tentative stop, depending on weather and time): 

Drive back on US 58 east towards Hillsville. Take exit towards I-77 S, then exit 77S at Fancy Gap (Blue Ridge Parkway). Turn left onto the Blue Ridge Parkway (North), drive ~ 10 miles, stopping at the lookout on the south side of the road (Groundhog Mountain). At this lookout, the low lying, somewhat flat area to the SE represents the Piedmont terrane which docked into Laurentia during the Taconic Orogeny in the Ordovician – Silurian, and is thrust onto the Blue Ridge terrane. In the background, you can see Pilot Mountain. The SE side of this ridge therefore represents an erosional escarpment. The Blue Ridge also acts like a continental divide, with rivers to the east draining into the Atlantic, and the New River to the NW draining into the Ohio River and eventually the Gulf of Mexico. Stream capture is quite common, leaving behind several “Gaps”. Other lookouts may show the same thing.

From Fancy Gap, take US52 South. Drive 13 miles into Mt. Airy. Stop at the quarry. This rock is Devonian in age.

Stop 9: Mt Airy (Fig. 5)
What type of rock is being mined here?

Mineralogy:

Texture:

Name:

What kind of mining/quarrying is this?

Start out going WEST on NC-89/W PINE ST toward DIXIE ST. Continue to follow NC-89 W. Merge onto I-74 W via the ramp on the LEFT toward I-77 N/WYTHEVILLE. Merge onto I-77 S via EXIT 5 on the LEFT toward STATESVILLE, and notice again the nature of the Blue Ridge Escarpment. Merge onto I-40 W via EXIT 51B toward HICKORY. Take EXIT 135 toward CLAREMONT, spend the night at the Super 8 Motel (Tel: 828-459-7777). 

Day 3

Leave Motel ~ 8:00, take 77 south towards Asheville. Take exit 53B to I-240 west (towards Johnson City). Stop at large road cut near exit 7. Make sure you get to the second series of benches (second road cut).
Stop 10 (Fig. 9)
At this stop, you will see rocks of the Ashe/ Alligator back unit again, but this time, they look different. Climb to the bench on the eastern part of the road cut and examine the rocks here. There are at least 4 different rock types in this outcrop. Spend some time looking at them, and identifying each. At the end, speculate about the metamorphic grade, and how it compares to that seen at stops 5 & 6. Also, try to work out the relationships between bedding and foliation, and comment on the structures and intensity of deformation.

Rock 1:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 2:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 3:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 4:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Based on the mineral assemblages in these two rock types, identify the facies of metamorphism:

What do you think is the relationship between the igneous rock in this outcrop, and the metamorphic rocks? Explain.

What types of structures exist here? How do the foliations compare in this outcrop to those in stops 5 & 6?

Stop 11 (Fig. 10)
Continue driving ~ 2 miles on I-240 west, exit on US 19 and 23 North toward Weaverville, drive for another 8.4 miles, exit on US 70 West toward Marshall. Pass the intersection of US 25-70 with SR 1588 (Ivy Trails Road and Sprouse Town Rd), and park on the shoulder. During our trip to this stop, we have been going downsection, but still within the Blue Ridge Province. Although the rocks exposed here may have been conformably overlain by the units seen in Stop 9, we did cross a thrust on our way here! These rocks can be considered either Cranberry Gneiss, or an equivalent unit! Nevertheless, it is different from the Cranberry Gneiss that we saw on day 1 of this trip! Describe two rock types exposed here. Pay careful attention to their mineralogy, especially index minerals. 

Rock 1:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Rock 2:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Based on the mineral assemblages in these two rock types, identify the facies of metamorphism:

Stop 11b
Continue westward on US 25-70 for another ~ 0.4 miles. Stop by the east end of the bridge over Ivy Creek. Describe the rocks occurring in this outcrop. 

Rock 1:

Texture:

Mineralogical composition:

Rock Type:

Rock name:

Drive back to I-23, and drive north towards Johnson City and Kingsport. 

Stop 12 (optional) (Fig. 1)
Stop at the road cut before Kingsport along I23. We are now in the Valley and Ridge province. Stop and examine the structures affecting these weakly metamorphosed siltstones. Sketch the structures in the space below. Don’t forget the scale bar!

Day 3T (tentative; alternate plan in case of too much rain in Asheville)

Stop 13: (Fig. 5)
Exit the Blue Ridge Parkway at Fancy Gap, and head N on 52. Pass Hillsville and Mt. Laurel. ~ ½ a mile after Mt. Laurel (19.5 miles south of Wytheville), stop by outcrops of the Late Precambrian Ashe formation. These rocks have been correlated to (and mapped by some geologists as) the Lynchburg Formation. The Ashe metamorphic group consists of a variety of metamorphic rocks that show different metamorphic grades. Isograds can (and have been) mapped in different outcrops of this unit especially in NC where they are better exposed.

Identify the rock types exposed in this stop.

Based on their textures (and mineralogy) are these rocks metamorphosed under low or high grade? 

Carefully examine the quartz veins and segregations in these rocks. Sketch your observations below (don’t forget the scale bar). What is the name of this “structure”? What does it tell you about the intensity of deformation of these rocks?

Stop 14: (Fig. 5)
~ 3 miles N of the last stop on 52 (~ 16 miles south of Wytheville): The rocks exposed in this outcrop and the quarry most likely belong to the Cambrian Shady formation. Identify and describe some of the rocks exposed in this outcrop below.

Note that one of these rock types appears to have some kind of a “stain” on it. These rocks were actually invaded by hydrothermal solutions which precipitated significant amounts of galena and other sulfides, and were therefore mined for Pb and Zn until the 70’s. Sulfides exposed on the surface were weathered, giving rise to “gossans”. 

What “minerals” do you think make up these gossans? What minerals do you think turned into these gossans by weathering?
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