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Geologic Resources Inventory Map Document

Blue Ridge Parkway,
North Carolina and Virginia

Document to Accompany 
Digital Geologic-GIS Data

blri_geology.pdf

Version: 9/18/2015

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Blue Ridge Parkway, North Carolina and Virginia (BLRI).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

National Park Service (NPS) Geologic Resources Inventory (GRI) Program staff have assembled the
digital geologic-GIS data that accompanies this document.

For information about the status of GRI digital geologic-GIS data for a park contact:

Tim Connors
Geologist/GRI Mapping Contact
National Park Service Geologic Resources Division
P.O. Box 25287
Denver, CO 80225-0287
phone: (303) 969-2093
fax: (303) 987-6792
email: Tim_Connors@nps.gov

For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara
Geologist/GIS Specialist/Data Manager
Colorado State University Research Associate, Cooperator to the National Park Service
1201 Oak Ridge Drive, Suite 200
Fort Collins, CO 80525
phone: (970) 491-6655
fax: (970) 225-3597
e-mail: stephanie.omeara@colostate.edu

mailto:Tim_Connors@nps.gov
mailto:stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological (plants
and animals) components of the Earth is vital to understanding, managing, and protecting natural
resources. The Geologic Resources Inventory (GRI) helps make this connection by providing information
on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and shoreline
change. Geologic features include mountains, canyons, natural arches and bridges, minerals, rocks,
fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.
 
The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed management
decisions. 

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.
 

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff to
inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for the
park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be easily
viewed and analyzed in conjunction with a wide range of other resource management information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS Geology-
GIS Data Model document available at: http://science.nature.nps.gov/im/inventory/geology/
GeologyGISDataModel.cfm

Geologic Reports: Park-specific geologic reports identify geologic resource management issues as
well as features and processes that are important to park ecosystems. In addition, these reports present
a brief geologic history of the park and address specific properties of geologic units present in the park.

For a complete listing of Geologic Resource Inventory products and direct links to the download site visit
the GRI publications webpage http://www.nature.nps.gov/geology/inventory/gre_publications.cfm

GRI geologic-GIS data is also available online at the NPS Data Store Search Application: http://irma.
nps.gov/App/Reference/Search. To find GRI data for a specific park or parks select the appropriate park

http://www.nature.nps.gov/geology/inventory/gre_publications.cfm
http://irma.nps.gov/App/Reference/Search
http://irma.nps.gov/App/Reference/Search
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(s), enter “GRI” as a Search Text term, and then select the Search Button.

For more information about the Geologic Resources Inventory Program visit the GRI webpage: http://
www.nature.nps.gov/geology/inventory, or contact:

Bruce Heise
Inventory Coordinator
National Park Service Geologic Resources Division
P.O. Box 25287
Denver, CO 80225-0287
phone: (303) 969-2017
fax: (303) 987-6792
email: Bruce_Heise@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS) Inventory
and Monitoring (I&M) Division.

mailto:Bruce_Heise@nps.gov
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps for the southern portion of Blue Ridge Parkway, North Carolina and
Virginia (BLRI) 

GRI Digital Geologic Map of the southern portion of Blue Ridge Parkway, North Carolina (GRI
MapCode BLRS)

Produced using the following North Carolina Geological Survey digital data,

Merschat, Carl, Carter, Mark, Wooten, Rick, 2008, Geologic Map of Blue Ridge Parkway, North
Carolina portion (unpublished): North Carolina Geological Survey, scale 1:24,000. (GRI Source Map
ID 4160).

In addition to the above source, surficial units and related contacts were obtained from the following
source,

Merschat, Carl, Carter, Mark, Wooten, Rick, 2008, Geologic Hazards of Blue Ridge Parkway, North
Carolina portion (unpublished): North Carolina Geological Survey, scale 1:24,000. (GRI Source Map
ID 76004).

As noted below this source was also used for all feature classes/data layers present in the GRI
Digital Geohazards Map of the southern portion of  Blue Ridge Parkway, North Carolina (GRI
MapCode BRHZ).

GRI Digital Geohazards Map of the southern portion of Blue Ridge Parkway, North Carolina (
GRI MapCode BRHZ)

Produced using the following North Carolina Geological Survey digital data,

Merschat, Carl, Carter, Mark, Wooten, Rick, 2008, Geologic Hazards of Blue Ridge Parkway, North
Carolina portion (unpublished): North Carolina Geological Survey, scale 1:24,000. (GRI Source Map
ID 76004).

As noted above this source was also used for surficial units and contacts present in the GRI Digital
Geologic Map of the southern portion of Blue Ridge Parkway, North Carolina (GRI MapCode BLRS).

Additional information pertaining to each source map is also presented in the Source Map Information
(BLRIMAP) table included with the GRI geologic-GIS data.
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for the southern portion of Blue
Ridge Parkway, North Carolina and Virginia (BLRI) are listed below. Units are listed with their assigned
unit symbol and unit name (e.g., Qbf - Block field). Units are generally listed from youngest to oldest. No
description for water is provided.  Information about each geologic unit is also presented in the GRI
Geologic Unit Information (BLRSUNIT) table included with the GRI geologic-GIS data. Several source unit
symbols were changed in this document and in the GRI digital geologic-GIS data from their source (data)
unit symbol. This was primarily done to improve unit symbol designation so that unit symbols better
represented their unit name (e.g., two units of the Grandfather Mountain Formation, Zgfc and Zgfs, were
denoted as Zgc and Zgs, respectively, in the source data. These unit symbol was changed to include a
"f" to better represent the unit name and be consistent with the other two units of the Grandfather
Mountain Formation that have a "f" in the unit symbol).

Cenozoic Era

Quaternary Period
Qbf - Block field
Qbs - Block stream
Qt - Talus
Qdf - Debris fan
Qdu - Debris, undifferentiated
Qcu - Colluvium, undifferentiated
Qc - Composite block field, block stream and talus

Paleozoic Era

PZpeg - Pegmatite
PZmg - Migmatitic gneiss

Cambrian Period
Ccu - Upper Chilhowee Quartzite
Ccp - Chilhowee Phyllite
Ccl - Lower Chilhowee Quartzite

Paleozoic Era? and Proterozoic Eon

Cambrian Period? and Neoproterozoic Era
PZZog - Otto Formation, metagraywacke
PZZogsi - Otto Formation, schistose metagraywacke
PZZos - Otto Formation, garnet-mica schist
PZZocs - Otto Formation, calc-silicate

Proterozoic Eon

Neoproterozoic Era
Zgsc - Great Smoky Group, granule metaconglomerate
Zgsg - Great Smoky Group, metagraywacke
Zgsa - Great Smoky Group, arkosic metasandstone
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Zgssi - Great Smoky Group, schistose metagraywacke
Zgss - Great Smoky Group, schist
Zabg - Alligator Back Metamorphic Suite, metagraywacke
Zabsi - Alligator Back Metamorphic Suite, schistose metagraywacke
Zabs - Alligator Back Metamorphic Suite, mica schist
Zabsim - Alligator Back Metamorphic Suite, metasomatic schistose metagraywacke
Zaba - Alligator Back Metamorphic Suite, amphibolite
Zsl - Snowbird Group, Longarm Formation
Zag - Ashe Metamorphic Suite, Talluluah Falls Formation, metagraywacke
Zagg - Ashe Metamorphic Suite, Talluluah Falls Formation, gneissic metagraywacke
Zaggm - Ashe Metamorphic Suite, Talluluah Falls Formation, migmatitic gneissic metagraywacke
Zaggmy - Ashe Metamorphic Suite, Talluluah Falls Formation, mylonitic gneissic metagraywacke
Zaga - Ashe Metamorphic Suite, Talluluah Falls Formation, amphibolitic metagraywacke
Zagsi - Ashe Metamorphic Suite, Talluluah Falls Formation, schistose metagraywacke
Zas - Ashe Metamorphic Suite, Talluluah Falls Formation, garnet mica schist
Zass - Ashe Metamorphic Suite, Talluluah Falls Formation, sillimanite/kyanite schist
Zams - Ashe Metamorphic Suite, Talluluah Falls Formation, megacrystic muscovite schist
Zags - Ashe Metamorphic Suite, Talluluah Falls Formation, graphitic two-mica schist
Zac - Ashe Metamorphic Suite, Talluluah Falls Formation, metaconglomerate
Zaa - Ashe Metamorphic Suite, Talluluah Falls Formation, amphibolite
Zacs - Ashe Metamorphic Suite, Talluluah Falls Formation, calc-silicate
Zaua - Ashe Metamorphic Suite, Talluluah Falls Formation, altered ultramafic rock
Zgfg - Grandfather Mountain Formation, feldspathic metagraywacke
Zgfc - Grandfather Mountain Formation, metaconglomerate
Zgfv - Grandfather Mountain Formation, felsic volcanics
Zgfs - Grandfather Mountain Formation, siltstone
Zgfsm - Grandfather Mountain Formation, siltstone and mafic volcanics
Zl - Neoproterozoic Metaplutonic Rocks, Linville Metadiabase

Neoproterozoic and Mesoproterozoic Eras
ZYbg - Cartoogechaye Terrane Rocks, biotite granitic gneiss
ZYbga - Cartoogechaye Terrane Rocks, amphibolite
ZYlbgg - Cartoogechaye Terrane Rocks, layered biotite granitic gneiss
ZYbgh - Cartoogechaye Terrane Rocks, hornblende biotite granitoid gneiss

Mesoproterozoic Era
Yggs - Mesoproterozoic Metaplutonic Rocks, granitic gneiss (southern segment)
Yggn - Mesoproterozoic Metaplutonic Rocks, granitic gneiss (northern segment)
Yggmy - Mesoproterozoic Metaplutonic Rocks, mylonitic granitic gneiss
Ya - Mesoproterozoic Metaplutonic Rocks, amphibolite
Ybrg - Mesoproterozoic Metaplutonic Rocks, Blowing Rock Gneiss
Ybrgmy - Mesoproterozoic Metaplutonic Rocks, Blowing Rock Gneiss, mylonitic
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.
Unit symbols present in unit description text are as per the source map. If the GRI changed a unit
symbol (see the Map Unit List section for an explanation as to why some source unit symbols were
changed) or changed a unit name, then the source unit symbol, name and age is listed just before a
unit's description (e.g., for unit Ccu "Ccu - Upper quartzite (Cambrian)" is listed just before the unit's
description as the unit's name was changed by the GRI to "Upper Chilhowee Quartzite").  Most often
unit names were changed to include a group, metamorphic suite, terrane grouping and/or a formation
name in a unit's name (e.g., for unit PZZog the name "Metagraywacke" was changed to "Otto Formation,
metagraywacke" as the unit is a member of the Otto Formation").

Qbf - Block field (Quaternary)

An accumulation of boulders or angular blocks of rock, with little or no fine sediment in the upper part
over bedrock or other hillslope deposit without a cliff or a ledge above as an apparent source. Block fields
usually occur on high mountain slopes where they are most extensive along slopes parallel to contour.  (
GRI Source Map ID 76004) (Blue Ridge Parkway Geohazards South). 

Qbs - Block stream (Quaternary)

A linear accumulation of boulders or angular blocks of rock, with little or no fine sediment in the upper
part over bedrock or other hillslope deposit. Block streams usually occur at heads of ravines, as narrow
bodies more extensive downslope than along slope. (GRI Source Map ID 76004) (Blue Ridge Parkway
Geohazards South). 

Qt - Talus (Quaternary)

Rock fragments of any size or shape, usually coarse and angular, derived from and lying at the base of a
cliff or very steep rocky slope. (GRI Source Map ID 76004) (Blue Ridge Parkway Geohazards South). 

Qdf - Debris fan (Quaternary)

A deposit of debris-sized material that is known or reasonably inferred to be emplaced by mass wasting
processes and has a distinctive lobe, fan, or coalescing fan shape.  Debris fans can include colluvial and
alluvial components.  Debris is an unconsolidated surficial soil or sediment that contains a significant
proportion of coarse material in which 20% to 80% of the particles are greater than sand sized in the
range of 0.08 inches (2 mm). (GRI Source Map ID 76004) (Blue Ridge Parkway Geohazards South). 

Qdu - Debris, undifferentiated (Quaternary)

A deposit of debris sized material that is known or reasonably inferred to be emplaced by mass wasting
processes but lacks the distinctive lobe, fan, or coalescing fan shape of a debris fan.  Debris is an
unconsolidated surficial soil or sediment that contains a significant proportion of coarse material in which
20% to 80% of the particles are greater than sand sized in the range of 0.08 inches (2 mm). (GRI
Source Map ID 76004) (Blue Ridge Parkway Geohazards South). 
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Qcu - Colluvium, undifferentiated (Quaternary)

Slope movement deposits that mantle hillslopes without a distinctive fan shape or fabric indicating flow
(e.g., imbrication).  This deposit is primarily emplaced by creep; however, it can result from more rapid
forms of mass wasting processes such as flow or sliding.  It is a general term applied to a hillslope
deposit when an emplacement mechanism is not known or reasonably inferred.  This term is typically
used for hillslope deposits that have not been field verified and are not fan-shaped. (GRI Source Map ID
76004) (Blue Ridge Parkway Geohazards South). 

Qc - Composite block field, block stream and talus (Quaternary)

Composite block field and block stream deposits, including talus in the upslope areas in some localities.
 See descriptions for block field, block stream and talus above. (GRI Source Map ID 76004) (Blue Ridge
Parkway Geohazards South).

PZpeg - Pegmatite (Paleozoic)

Pzpeg - Pegmatite (Paleozoic)
White to mottled white and pink; very coarse-grained; dominantly crosscutting; lenticular to tabular
bodies; thickness ranges from centimeters to meters; consists of plagioclase, potassium feldspar,
quartz, biotite, muscovite and other minor minerals. (GRI Source Map ID 4160) (Blue Ridge Parkway
Bedrock South).

PZmg - Migmatitic gneiss (Paleozoic)

Pzmg - Migmatitic gneiss (Paleozoic)
White to very light gray; medium- to coarse-grained; equigranular; granoblastic; locally gradational into
pegmatite; occurs as mappable bodies, lenses, and as thin, cross-cutting, leucocratic, vein-like,
segregations derived from local melting during regional high grade metamorphism; non-foliated to weakly
foliated; consists of quartz, plagioclase, potassium feldspar, muscovite, biotite, garnet, epidote group
minerals. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Ccu - Upper Chilhowee Quartzite (Cambrian)

Ccu - Upper quartzite (Cambrian)
Yellowish gray to very light gray to light bluish gray; medium- to fine-grained; equigranular; granoblastic
to mylonitic; Thin- to thick- bedded, locally foliated; consists of approximately 70% quartz, 15%
muscovite, 5% plagioclase, 5% chlorite, 2% potassium feldspar, and minor accessory minerals.
Interlayered with thin layers of feldspathic quartzite, gray metasiltstone, and slate. Cambrian index fossil
scolithus reported to be found in this unit (Safford, 1856). (GRI Source Map ID 4160) (Blue Ridge
Parkway Bedrock South).

Ccp - Chilhowee Phyllite (Cambrian)

Ccp - Phyllite (Cambrian)
Medium light gray to medium bluish gray; fine-grained; equigranular; lepidoblastic; foliated; consists of
sericite, quartz, chlorite, and minor accessory minerals. (GRI Source Map ID 4160) (Blue Ridge
Parkway Bedrock South).
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Ccl - Lower Chilhowee Quartzite (Cambrian)

Ccl - Lower quartzite  (Cambrian)
Yellowish gray to very light gray; medium- to coarse-grained; equigranular to inequigranular; granoblastic
to locally mylonitic; thick- to thin-bedded, locally foliated; consists of approximately 73% quartz, 20%
muscovite, 5% potassium feldspar, 2% plagioclase, and minor accessory minerals. Interlayered with thin
layers of feldspathic quartzite, grayish-green metasiltstone, slate, and quartz pebble conglomerate. (GRI
Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

PZZog - Otto Formation, metagraywacke (Paleozoic (Cambrian?) and
Neoproterozoic)

PzZog - Metagraywacke (Paleozoic (Cambrian?) and Neoproterozoic)
Medium light gray to medium dark gray; medium- to coarse-grained; equigranular to inequigranular;
granoblastic to weakly lepidoblastic; locally migmatitic; locally sulfidic; non-foliated to foliated; consists
of quartz, plagioclase, biotite, muscovite, garnet, potassium feldspar and minor accessory minerals.
Interlayered with calc-silicate, schistose metagraywacke and garnet mica schist. Metamorphic layering
ranges from 1 centimeter to greater than 2 meters. (GRI Source Map ID 4160) (Blue Ridge Parkway
Bedrock South).

PZZogsi - Otto Formation, schistose metagraywacke (Paleozoic (Cambrian?)
and Neoproterozoic)

PzZogsi - Schistose metagraywacke (Paleozoic (Cambrian?) and Neoproterozoic)
Medium gray to medium dark gray; strongly foliated; fine- to medium-grained; equigranular to
inequigranular; lepidoblastic to weakly granoblastic to porphyroblastic; locally migmatitic; consists of
quartz, plagioclase, muscovite, biotite, chlorite, garnet, ilmenite, epidote group minerals, sillimanite, and
iron sulfide minerals (pyrrhotite, pyrite). Interlayered with metagraywacke, garnet mica schist, and calc-
silicate. Thickness of layering ranges from millimeters to centimeters. (GRI Source Map ID 4160) (Blue
Ridge Parkway Bedrock South).

PZZos - Otto Formation, garnet-mica schist (Paleozoic (Cambrian?) and
Neoproterozoic)

PzZos - Garnet mica schist - (Paleozoic (Cambrian?) and Neoproterozoic)
Silvery gray to light gray; fine- to medium-grained; porphyroblastic; lepidoblastic; consists of sillimanite,
garnet, quartz, biotite, muscovite schist interlayered with lesser amounts of metagraywacke and
schistose metagraywacke. Schist may be variably migmatitic and/or sulfidic with bright yellow to orange-
yellow stains. Subordinate metagraywacke layers range from a few centimeters to several meters thick.
Layers and lenses of medium-grained calc-silicate occur. (GRI Source Map ID 4160) (Blue Ridge
Parkway Bedrock South).

PZZocs - Otto Formation, calc-silicate (Paleozoic (Cambrian?) and
Neoproterozoic)

PzZocs - Calc-silicate (Paleozoic (Cambrian?) and Neoproterozoic)
Very light gray to medium gray to pinkish gray with dark yellowish orange splotches on weathered
surfaces; medium-grained; equigranular; granoblastic; massive to well foliated; consists of quartz,
plagioclase, amphibole, garnet, epidote group minerals, biotite, with trace and accessory minerals.
Interlayered with metagraywacke, schistose metagraywacke, and garnet mica schist. (GRI Source Map
ID 4160) (Blue Ridge Parkway Bedrock South).
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Zgsc - Great Smoky Group, granule metaconglomerate (Neoproterozoic)

Zgsc - Granule metaconglomerate (Neoproterozoic)
Medium gray to dark gray; medium- to coarse-grained; poorly sorted to graded; subangular to
subrounded grains; granule to pebble conglomerate with a sandy matrix in which the larger grains are
usually well sorted and consist of clear to white quartz, white feldspar, and finer blue quartz; rare lithic
fragments; interbedded with metagraywacke, argillaceous metagraywacke and sulfidic, graphitic schist
to phyllite. Thickness ranges from less than 1 meter to 3 meters. (GRI Source Map ID 4160) (Blue Ridge
Parkway Bedrock South).

Zgsg - Great Smoky Group, metagraywacke (Neoproterozoic)

Zgsg - Metagraywacke (Neoproterozoic)
Medium light gray to medium dark gray; medium- to coarse-grained; equigranular to inequigranular;
granoblastic to weakly lepidoblastic; locally migmatitic; locally sulfidic; non-foliated to foliated; consists
of quartz, plagioclase, muscovite, potassium feldspar, garnet, epidote group minerals and minor
accessory minerals. Interlayered with gneissic metagraywacke, calc-silicate, garnet mica schist, and
graphitic mica schist. Thickness of layering ranges from meters to tens of meters. (GRI Source Map ID
4160) (Blue Ridge Parkway Bedrock South).

Zgsa - Great Smoky Group, arkosic metasandstone (Neoproterozoic)

Zgsa - Arkosic metasandstone (Neoproterozoic)
Medium light gray to grayish orange; medium- to coarse-grained; equigranular; granoblastic; foliated;
locally mylonitic; consists of potassium feldspar, quartz, plagioclase feldspar, muscovite and minor
accessory minerals. Interlayered with metagraywacke and schistose metagraywacke. Thickness of
layering ranges from centimeters to meters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock
South).

Zgssi - Great Smoky Group, schistose metagraywacke (Neoproterozoic)

Zgssi - Schistose metagraywacke (Neoproterozoic)
Medium gray to medium dark gray, commonly stained yellowish dark gray; strongly foliated; fine- to
medium-grained; equigranular to inequigranular; lepidoblastic to weakly granoblastic; locally migmatitic;
locally sulfidic; consists of quartz, plagioclase, muscovite, biotite, chlorite, garnet, epidote group
minerals, kyanite and/or sillimanite, and iron sulfide minerals (pyrrhotite, pyrite). Interlayered with
metagraywacke, garnet mica schist and thin layers and nodules of calc-silicate. Thickness of layering
ranges from millimeters to centimeters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South
).

Zgss - Great Smoky Group, schist (Neoproterozoic)

Zgss - Schist (Neoproterozoic)
Medium gray to medium dark gray to dark gray; medium- to coarse-grained; inequigranular;
lepidoblastic; thinly foliated; locally sulfidic; locally graphitic; consists of muscovite, biotite, quartz,
garnet, kyanite and/or sillimanite, pyrrhotite, pyrite, graphite, and other accessory minerals. Interlayered
with metagraywacke and thin layers and nodules of calc-silicate. Thickness of layering ranges from
millimeters to centimeters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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Zabg - Alligator Back Metamorphic Suite, metagraywacke (Neoproterozoic)

Zabg - Metagraywacke (Neoproterozoic)
Medium light gray to medium dark gray; medium- to fine-grained; equigranular to inequigranular;
granoblastic; thinly foliated (pinstriped) to weakly foliated; consists of 33-59% quartz, 15-37%
plagioclase, 10-12% biotite, 5-10% muscovite, 0-10% potassium feldspar, 0-5% garnet, and accessory
minerals; typically more micaceous than the metagraywackes of the Ashe Metamorphic Suite.
Interlayered with mica schist, amphibolites, and metasiltstones. Thickness of layering ranges from
centimeters to tens of meters and is commonly more thin than layering of the Ashe Metamorphic Suite.
(GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zabsi - Alligator Back Metamorphic Suite, schistose metagraywacke
(Neoproterozoic)

Zabsi - Schistose metagraywacke (Neoproterozoic)
Light gray to medium gray; fine-grained; equigranular to inequigranular; granoblastic to lepidoblastic;
foliated to thinly foliated (pinstriped); consists of approximately 42% muscovite (sericite), 28% bioitite,
20% quartz, 9% plagioclase, 1% potassium feldspar, and other minor minerals. Interlayered with
metagraywacke and mica schist. Thickness of layers ranges from centimeters to meters.
Characteristically thin layered. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zabs - Alligator Back Metamorphic Suite, mica schist (Neoproterozoic)

Zabs - Mica schist (Neoproterozoic)
Light gray to medium light gray; very fine-grained to medium-grained; equigranular to inequigranular;
lepidoblastic to porphyroblastic; thinly foliated; consists of approximately 50% muscovite, 30% quartz,
10% biotite, 2% plagioclase and minor accessory minerals, with variable amounts of garnet, staurolite,
and cross-biotite depending on grade of metamorphism. Interlayered with metagraywacke and
amphibolite. Thickness of layers ranges from millimeters to tens of centimeters. (GRI Source Map ID
4160) (Blue Ridge Parkway Bedrock South).

Zabsim - Alligator Back Metamorphic Suite, metasomatic schistose
metagraywacke (Neoproterozoic)

Zabsim - Schistose metagraywacke with metasomatic schist (Neoproterozoic)
Light gray to light olive gray to medium gray; coarse-grained; inequigranular; lepidoblastic; foliated to
thinly foliated; consists of muscovite, bioitite, quartz, plagioclase, potassium feldspar, and other
accessory minerals. Interlayered with metagraywacke, schistose metagraywacke and mica schist.
Coarse micas of this unit are attributed to contact metamorphism from nearby intrusions. (GRI Source
Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zaba - Alligator Back Metamorphic Suite, amphibolite (Neoproterozoic)

Zaba - Amphibolite (Neoproterozoic)
Dusky green to black; fine- to medium-grained; equigranular; nematoblastic to granoblastic to
lepidoblastic; foliated; consists of approximately 42% hornblende, 36% plagioclase, 10% quartz, 7%
biotite, 5% opaques, and minor epidote group minerals and other accessory minerals. Interlayered with
metagraywacke and mica schist. Layering is characteristically thin but locally ranges up to tens of
meters thick. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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Zsl - Snowbird Group, Longarm Formation (Neoproterozoic)

Zsl - Longarm Formation (Neoproterozoic)
Pinkish gray to grayish pink, mottled with white to very light gray quartz and grayish pink to grayish
orange pink feldspar grains; medium- to coarse-grained; equigranular; granoblastic; locally cross-
bedded; consists of quartz, potassium feldspar, plagioclase, muscovite, biotite and minor accessory
minerals. Dominantly meta-arkose and metasubgraywacke; interlayered with subordinate
metagraywacke and metasiltstone. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zag - Ashe Metamorphic Suite, Talluluah Falls Formation, metagraywacke
(Neoproterozoic)

Zag - Metagraywacke (Neoproterozoic)
Medium light gray to medium dark gray; medium- to coarse-grained; equigranular to inequigranular;
granoblastic to weakly lepidoblastic; locally migmatitic; locally sulfidic; non-foliated to foliated; consists
of 5-60% quartz, 25-55% plagioclase, 6-25% biotite, 1-3% muscovite, trace to 1% potassium feldspar, 0-
10% garnet, epidote group minerals, and hornblende, with minor accessory minerals and trace minerals.
Interlayered with granule metaconglomerate, gneissic metagraywacke, amphibolite, calc-silicate, and
thin layers of sillimanite/kyanite schist, garnet mica schist, megacrystic muscovite schist, and graphitic
mica schist. Thickness of layering ranges from tens to hundreds of meters. (GRI Source Map ID 4160) (
Blue Ridge Parkway Bedrock South).

Zagg - Ashe Metamorphic Suite, Talluluah Falls Formation, gneissic
metagraywacke (Neoproterozoic)

Zagg - Gneissic metagraywacke (Neoproterozoic)
Medium light gray to medium dark gray; fine-to medium-grained; equigranular; granoblastic and
lepidoblastic; migmatitic; coarsely foliated (gneissic); consists of quartz, plagioclase, potassium
feldspar, biotite, muscovite, locally garnet, epidote group minerals, and hornblende, with minor
accessory minerals and trace minerals. Interlayered with metagraywacke, megacrystic muscovite
schist, sillimanite/kyanite schist, garnet mica schist and amphibolite. Thickness of layering ranges from
meters to tens of meters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zaggm - Ashe Metamorphic Suite, Talluluah Falls Formation, migmatitic
gneissic metagraywacke (Neoproterozoic)

Zaggm - Migmatitic gneissic metagraywacke (Neoproterozoic)
White to Medium light gray to medium dark gray; fine- to coarse-grained; equigranular; granoblastic;
migmatitic; coarsely foliated (gneissic); consists of quartz, plagioclase, potassium feldspar, biotite,
muscovite, locally garnet, epidote group minerals, and hornblende, with minor accessory minerals and
trace minerals. Interlayered with migmatite and metagraywacke. Thickness of layering ranges from
centimeters to meters. Similar to gneissic metagraywacke unit but is more migmatitic with lenses of
leucosome commonly disrupting gneissic layering. (GRI Source Map ID 4160) (Blue Ridge Parkway
Bedrock South).

Zaggmy - Ashe Metamorphic Suite, Talluluah Falls Formation, mylonitic
gneissic metagraywacke (Neoproterozoic)

Zaggmy - Mylonitic gneissic metagraywacke (Neoproterozoic)
Light to medium gray; medium-grained; migmatitic; porphyroclastic; protomylonitic to mylonitic; consists
of quartz, plagioclase, biotite, garnet, muscovite. Interlayered with porphyrolcastic garnet, biotite,
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muscovite schist, and muscovite, biotite granitoid gneiss. Layering ranges from 1-10 centimeters;
migmatite and thin schistose layers display a wispy S-C texture. Garnets are strongly deformed, and
often recrsytallized. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zaga - Ashe Metamorphic Suite, Talluluah Falls Formation, amphibolitic
metagraywacke (Neoproterozoic)

Zaga - Amphibolitic metagraywacke (Neoproterozoic)
Medium gray to dark gray to black; medium- to coarse-grained; equigranular to inequigranular;
granoblastic to nematoblastic; poorly to well foliated; locally migmatitic; consists of quartz, plagioclase,
hornblende, biotite, muscovite, with minor accessory and trace minerals. Interlayered with
metagraywacke, gneissic metagraywacke, and migmatite. Thickness of layering ranges from
centimeters to meters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zagsi - Ashe Metamorphic Suite, Talluluah Falls Formation, schistose
metagraywacke (Neoproterozoic)

Zagsi - Schistose metagraywacke (Neoproterozoic)
Medium gray to medium dark gray; strongly foliated; fine- to medium-grained; equigranular to
inequigranular; lepidoblastic to weakly granoblastic to porphyroblastic; locally migmatitic; consists of
quartz, plagioclase, muscovite, biotite, chlorite, garnet, ilmenite, epidote group minerals, sillimanite, and
iron sulfide minerals (pyrrhotite, pyrite). Interlayered with metagraywacke, gneissic metagraywacke, and
garnet mica schist. Thickness of layering ranges from millimeters to centimeters. (GRI Source Map ID
4160) (Blue Ridge Parkway Bedrock South).

Zas - Ashe Metamorphic Suite, Talluluah Falls Formation, garnet mica schist
(Neoproterozoic)

Zas - Garnet mica schist (Neoproterozoic)
Light gray to medium light gray, with silvery sheen; medium- to coarse-grained; equigranular to
inequigranular; lepidoblastic to porphryoblastic; locally sulfidic; thinly foliated; consists of 14-69%
muscovite (sericite), 8-9% quartz, 5-25% garnet, 4-25% biotite, trace to 3% plagioclase, 0-31% kyanite,
0-11% high mg-chlorite, and other acessory minerals. Interlayered with metagraywacke, gneissic
metagraywacke, megacrystic muscovite schist, sillimanite/kyanite schist, and amphibolite. Thickness of
layering ranges from millimeters to centimeters. (GRI Source Map ID 4160) (Blue Ridge Parkway
Bedrock South).

Zass - Ashe Metamorphic Suite, Talluluah Falls Formation, sillimanite/kyanite
schist (Neoproterozoic)

Zass - Sillimanite/kyanite schist (Neoproterozoic)
Light gray to medium gray to greenish gray; coarse-grained; equigranular to inequigranular; lepidoblastic
to locally porphryoblastic; locally sulfidic; thinly foliated; consists of 30-53% muscovite (sericite), 5-30%
quartz, 2-5% plagiolase, trace to 2% high mg-chlorite, 0-20% garnet, 0-10% sillimanite and/or kyanite.
Interlayered with metagraywacke, gneissic metagraywacke, garnet mica schist, megacrystic muscovite
schist, and amphibolite. Thickness of layering ranges from millimeters to centimeters. (GRI Source Map
ID 4160) (Blue Ridge Parkway Bedrock South).
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Zams - Ashe Metamorphic Suite, Talluluah Falls Formation, megacrystic
muscovite schist (Neoproterozoic)

Zams - Megacrystic muscovite schist (Neoproterozoic)
Light gray to medium light gray; coarse-grained; equigranular to inequigranular; lepidoblastic to
porphyroblastic; locally sulfidic; thinly foliated; consists of approximately 25% biotite, 25% quartz, 20%
muscovite (sericite), 20% plagioclase, 5% garnet, 2% kyanite, 2% sillimanite, 1% staurolite, and other
accessory minerals. Megacrysts of muscovite possibly pseudomorphic after kyanite range in size from 3
to 30 mm. Interlayered with garnet muscovite schist, metagraywacke, gneissic metagraywacke,
sillimanite/kyanite schist, and amphibolite. Thickness of layering ranges from millimeters to centimeters.
(GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zags - Ashe Metamorphic Suite, Talluluah Falls Formation, graphitic two-mica
schist (Neoproterozoic)

Zags - Graphitic two-mica schist (Neoproterozoic)
Medium gray to medium dark gray; fine-grained; equigranular to inequigranular; lepidoblastic; thinly
foliated; consists of muscovite, biotite, quartz, graphite, and accessory garnet, staurolite, and an iron
sulfide mineral (pyrrhotite?). Interlayered with metagraywacke, gneissic metagraywacke, and garnet
mica schist. Thickness of layering ranges from millimeters to centimeters. (GRI Source Map ID 4160) (
Blue Ridge Parkway Bedrock South).

Zac - Ashe Metamorphic Suite, Talluluah Falls Formation, metaconglomerate
(Neoproterozoic)

Zac - Metaconglomerate (Neoproterozoic)
Medium light gray to medium dark gray; coarse-grained; inequigranular, locally very weakly graded;
granoblastic to weakly lepidoblastic; non-foliated to foliated; consists of approximately 47% quartz, 43%
plagioclase, 5% biotite, 3% muscovite, 2 % garnet, trace potassium feldspar, trace epidote group
minerals and other accessory and trace minerals; Interlayered primarily with metagraywacke, gneissic
metagraywacke, garnet mica schist, megacrystic muscovite schist and sillimanite/kyanite schist.
Thickness of layering ranges from decimeters to several meters. (GRI Source Map ID 4160) (Blue Ridge
Parkway Bedrock South).

Zaa - Ashe Metamorphic Suite, Talluluah Falls Formation, amphibolite
(Neoproterozoic)

Zaa - Amphibolite (Neoproterozoic)
Greenish black to black; fine- to medium-grained; equigranular; nematoblastic to granoblastic; occurs in
association with ultramafic bodies, as mappable units and as thin layers and lenses interlayered with
other rock types in all map units; foliated; one sample consists of approximately 86% hornblende, 8%
plagioclase, 2% quartz, 2% biotite, 2% epidote group minerals, and minor accessory minerals. (GRI
Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zacs - Ashe Metamorphic Suite, Talluluah Falls Formation, calc-silicate
(Neoproterozoic)

Zagcs - Cal-silicate (Neoproterozoic)
Very light gray to medium gray to pinkish gray with dark yellowish orange splotches on weathered
surfaces; fine- to medium-grained; equigranular; granoblastic; massive to well foliated; consists of
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quartz, plagioclase, amphibole, garnet, epidote group minerals, biotite, with trace and accessory
minerals. Interlayered with metagraywacke, gneissic metagraywacke, and garnet mica schist. (GRI
Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zaua - Ashe Metamorphic Suite, Talluluah Falls Formation, altered ultramafic
rock (Neoproterozoic)

Zua - Altered ultramafic rock (Neoproterozoic)
Moderate olive brown to grayish olive; fine- to coarse-grained; equigranular; granoblastic to nematoblastic
to lepidoblastic; non-foliated to foliated; consists of unaltered olivine, pyroxenes, plagioclase, and
alteration minerals serpentine, tremolite, talc, vermiculite, chlorite, hornblende and others. (GRI Source
Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zgfg - Grandfather Mountain Formation, feldspathic metagraywacke
(Neoproterozoic)

Zgfg - Feldspathic graywacke (Neoproterozoic)
Light greenish gray to greenish gray; medium- to coarse-grained; equigranular to inequigranular;
granoblastic to lepidoblastic; characteristically thickly-bedded to massive with weak slaty cleavage;
locally calcareous and sulfidic; consists of quartz, potassium feldspar, plagioclase, sericite, chlorite, and
other minor minerals. Interlayered with granule metaconglomerate, metasiltstone, metaarkose, and mafic
and felsic volcanics. Thickness of layers ranges from tens of centimeters to tens of meters. (GRI Source
Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zgfc - Grandfather Mountain Formation, metaconglomerate (Neoproterozoic)

Zgc - Conlomerate (Neoproterozoic)
Light greenish gray to greenish gray; very coarse-grained (granule to boulder); inequigranular to
equigranular; granoblastic to lepidoblastic; locally calcareous and sulfidic; characteristically thickly-
bedded to massive with weak slaty cleavage; consists of approximately 55% quartz,15% potassium
feldspar, 20% sericite, 10% plagioclase, trace chlorite, and other minor minerals; lithic clasts include
granite, granitic greisses, phyllite, slate and assorted mafic rocks. Interlayered with metagraywacke,
meta-arkose, metasiltstone, and mafic and felsic volcanics. Thickness of layers ranges from tens of
centimeters to tens of meters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zgfv - Grandfather Mountain Formation, felsic volcanics (Neoproterozoic)

Zgfv - Felsic volcanics (Neoproterozoic)
Light to medium gray; fine-grained; inequigranular; granoblastic to porphryoblastic; weakly foliated;
consists of anhedral and euhedral embayed quartz phenocrysts and euhedral potassium feldspar
(microperthite) in a fine grained matrix of quartz, feldspar, sericite opaque minerals, and locally pyrite.
Mineral content in two samples ranges from 28-55% plagioclase,15-30% sericite, 15-20% quartz, 2-5%
biotite, 1-2% epidote, 0-30% potassium feldspar, 0-3% chlorite, 0-2% carbonate, 0-1% pyrite and other
minor minerals. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zgfs - Grandfather Mountain Formation, siltstone (Neoproterozoic)

Zgs - Siltstone (Neoproterozoic)
Dark greenish gray to medium bluish gray; fine-grained; equigranular; granoblastic to lepidoblastic;
locally calcareous; bedded to laminated with slaty cleavage; consists of approximately 35% quartz, 25%
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sericite, 23% chlorite, 15% plagioclase, 2% black opaques, and other minor minerals. Interlayered with
feldspathic metagraywacke, granule conglomerate and mafic volcanics. Layer thickness ranges from
centimeters to meters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Zgfsm - Grandfather Mountain Formation, siltstone and mafic volcanics
(Neoproterozoic)

Zgsm - Siltstone and mafic volcanics (Neoproterozoic)
Dark greenish gray to medium bluish gray; fine-grained; equigranular; granoblastic to lepidoblastic;
commonly tuffaceous; locally cacareous; thin-bedded to laminated with slaty cleavage; consists of
approximately 35% quartz, 25% plagioclase, 12% sericite, 12% chlorite, 11% black opaques, 5%
carbonate, and other minor minerals. Brown weathered calcite and quartz-calcite segregations are
common; epidote and chlorite segregations also occur. Interlayered with mafic volcanics (greenish black
to greenish gray; fine- to medium-grained; equigranular to inequigranular); consists of approximately 35%
quartz, 35% hornblende, 20% plagioclase, 3% sericite, 5% black opaques, and 2% epidote group
minerals. Thickness of layers ranges from centimeters to meters. (GRI Source Map ID 4160) (Blue
Ridge Parkway Bedrock South).

Zl - Neoproterozoic Metaplutonic Rocks, Linville Metadiabase
(Neoproterozoic)

Zl - Linville metadiabase (Neoproterozoic)
Dusky green to greenish black; fine- to medium-grained; inequigranular to equigranular; ophitic to
nematoblastic to lepidoblastic to mylonitic; foliated to non-foliated; consists of actinolite or hornblende,
plagioclase, chlorite, biotite, epidote group minerals, and minor accessory minerals. These intrusive
bodies are both cross-cutting and concordant. Generally poorly exposed. (GRI Source Map ID 4160) (
Blue Ridge Parkway Bedrock South).

ZYbg - Cartoogechaye Terrane Rocks, biotite granitic gneiss (Neoproterozoic
and Mesoproterozoic)

ZYbg - Biotite granitic gneiss (Neoproterozoic and Mesoproterozoic)
Light gray to medium gray; medium- to coarse-grained; equigranular to inequigranular to megacrystic;
granoblastic to lepidoblastic to locally weakly nematoblastic; well foliated; locally migmatitic; consists of
plagioclase, quartz, biotite, potassium feldspar, hornblende, muscovite, garnet, epidote group minerals,
ilmenite, and minor accessory minerals. Interlayered with layered biotite granitic gneiss, amphibolite,
and biotite schist. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

ZYbga - Cartoogechaye Terrane Rocks, amphibolite (Neoproterozoic and
Mesoproterozoic)

ZYbga - Amphibolite (Neoproterozoic and Mesoproterozoic)
Dark greenish gray to black; fine- to coarse-grained; equigranular; nematoblastic to granoblastic; well
foliated to massive, commonly migmatitic; consists of hornblende, plagioclase, quartz, biotite, epidote
group minerals, and minor accessory minerals. Occurs as layers or pods ranging from millimeters to
tens of meters in thickness. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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ZYlbgg - Cartoogechaye Terrane Rocks, layered biotite granitic gneiss
(Neoproterozoic and Mesoproterozoic)

ZYlbgg - Layered biotite granitic gneiss (Neoproterozoic and Mesoproterozoic)
Very light gray to pale orange to medium light gray; equigranular to inequigranular; granoblastic to
lepidoblastic; layer thickness ranges from millimeters to meters; consists of plagioclase, quartz, biotite,
potassium feldspar, epidote group minerals, ilmenite, and traces of hornblende, garnet, sphene, apatite
and zircon. Interlayered with biotite gneiss, amphibolite, and biotite schist. (GRI Source Map ID 4160) (
Blue Ridge Parkway Bedrock South).

ZYbgh - Cartoogechaye Terrane Rocks, hornblende biotite granitoid gneiss
(Neoproterozoic and Mesoproterozoic)

ZYbgh - Hornblende biotite granitoid gneiss (Neoproterozoic and Mesoproterozoic)
Medium light gray to dark gray; medium- to coarse-grained; equigranular to inequigranular; granoblastic
to nematoblastic; well foliated; locally migmatitic; consists of plagioclase, biotite, hornblende, quartz,
potassium feldspar, muscovite, garnet, epidote group minerals and minor accessory minerals.
Interlayered with layered biotite granitic gneiss, biotite granitic gneiss, and amphibolite. (GRI Source
Map ID 4160) (Blue Ridge Parkway Bedrock South).

Yggs - Mesoproterozoic Metaplutonic Rocks, granitic gneiss (southern
segment) (Mesoproterozoic)

Ygg - Granitic gneiss (southern segment) (Mesoproterozoic)
Pinkish gray to brownish gray to light gray; medium- to coarse-grained; equigranular to inequigranular;
granoblastic to mylonitic; weakly foliated to foliated; consists of plagioclase, quartz, potassium feldspar,
biotite, muscovite and accessory minerals. Interlayered with mylonitic granitic gneiss and biotite granitic
gneiss. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Yggn - Mesoproterozoic Metaplutonic Rocks, granitic gneiss (northern
segment) (Mesoproterozoic)

Ygn - Granitic gneiss (northern segment) (Mesoproterozoic)
Pinkish gray to brownish gray; medium- to coarse-grained; equigranular; granoblastic to mylonitic;
weakly foliated to foliated; consists of approximately 35% plagioclase, 35% quartz, 15% potassium
feldspar, 8% sericite, 4% biotite, 3% epidote group minerals, and accessory minerals. Interlayered with
mylonitic granitic gneiss. Thickness of layers ranges from centimeters to tens of meters. (GRI Source
Map ID 4160) (Blue Ridge Parkway Bedrock South).

Yggmy - Mesoproterozoic Metaplutonic Rocks, mylonitic granitic gneiss
(Mesoproterozoic)

Ygnmy - Mylonitic granitic gneiss (Mesoproterozoic)
Very light gray to brownish gray; fine- to medium-grained; inequigranular to equigranular; mylonitic;
foliated; consists of plagioclase, quartz, potassium feldspar, sericite, biotite, epidote group minerals, and
accessory minerals. Interlayered with granitic gneiss. Thickness of layers ranges from millimeters to
centimeters. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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Ya - Mesoproterozoic Metaplutonic Rocks, amphibolite (Mesoproterozoic)

Ygna - Amphibolite (Mesoproterozoic)
Dark gray to greenish black; medium- to coarse-grained; granoblastic to nematoblastic; massive to well
foliated; consists of hornblende, plagioclase, quartz, biotite, black opaque minerals, and epidote. (GRI
Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Ybrg - Mesoproterozoic Metaplutonic Rocks, Blowing Rock Gneiss
(Mesoproterozoic)

Ybrg - Blowing Rock Gneiss (Mesoproterozoic)
Very pale orange to brownish gray; coarse-grained; inequigranular, granoblastic to protomylonitic;
contains potassium feldspar augens; ranges from granitic to granodioritic in composition; consists of
potassium feldspar, plagioclase, quartz, biotite, epidote, titanite and black opaques. Interlayered with
biotite gneiss, amphibolite and phyllonite. Locally cross-cut by light colored granitic gneiss. (GRI Source
Map ID 4160) (Blue Ridge Parkway Bedrock South).

Ybrgmy - Mesoproterozoic Metaplutonic Rocks, Blowing Rock Gneiss,
mylonitic (Mesoproterozoic)

Ybrgmy - Mylonitic Blowing Rock Gneiss (Mesoproterozoic)
Light gray to silvery green to blue gray; medium-grained; inequigranular, mylonitic to phyllonitic; contains
potassium feldspar augens; foliated to thinly foliated; consists of potassium feldspar, plagioclase,
quartz, and biotite that has been variably altered to sericite and chlorite. Interlayered with biotite gneiss,
amphibolite, and light colored granitic gneiss. (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock
South).
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Annotated Photographs

A number of field verification localities/stations present in the GRI digital geologic-GIS data, in the
Geologic Observation Localities (blrsgol) feature class/data layer, have an associated annotated
photograph.  Each photograph is denoted by a location ID (e.g., BBR-003), and corresponds to a
locality/station in the GIS data with the same location ID.  A number of annotated photographs included
in this document, however do not have a corresponding locality in the GIS data.  Although the latter have
no geographic locality they are included in this document as additional graphics/photographs relevant to
the geology of the parkway.

BBR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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BBR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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BBR-010

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CER-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CER-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CER-006

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CER-007

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-001a

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-035

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-066

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-077

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-078

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-079

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-082

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-083

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-085

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-087

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-088

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-089

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-090

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-092

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-098

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-102

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-103

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CPR-104

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CRR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CRR-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CRR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CRR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CRR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CRR-006

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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CRR-009

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).



BLRI GRI Ancillary Map Information Document52

2015 NPS Geologic Resources Inventory Program

DMR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-007

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).



BLRI GRI Ancillary Map Information Document56

2015 NPS Geologic Resources Inventory Program

DMR-008

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-009

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-010

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-011

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-012

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-014

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).



BLRI GRI Ancillary Map Information Document62

2015 NPS Geologic Resources Inventory Program

DMR-015

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DMR-016

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DPR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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DPR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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GFMR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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GFMR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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GSR-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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GSR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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GVR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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GVR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-006

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-008

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-009

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-011

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-014

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-016

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-025

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-026

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-027

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-028

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-029

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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HZR-030

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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LFR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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LFR-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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LFR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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LFR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).



BLRI GRI Ancillary Map Information Document 89

2015 NPS Geologic Resources Inventory Program

LFR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-015

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-021A/B

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-023

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-025

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-030

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-041

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-042

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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MRR-043

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFR-006

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFR-007

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFR-009

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFR-010

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OFRR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OTR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OTR-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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OTR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-007

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-008

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-009

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-010

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-011

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-012

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-013

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-014

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-015

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-016

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-017

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-018

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-019

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-020

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-021

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-022

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-023

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-024

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-025

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-026

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SAM-028

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SKR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SKR-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SKR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SKR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SKR-006

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SMR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SMR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SMR-008

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-006

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-007

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-011

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-012

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).



BLRI GRI Ancillary Map Information Document 151

2015 NPS Geologic Resources Inventory Program

SNR-013

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-014

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-015

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-016

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SNR-017

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-003
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Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

SRR-004

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-009

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-011

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-012

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-013

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-015

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-016

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-017

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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SRR-018
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Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

TUCK-001

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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TUCK-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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TUCK-003

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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WHR-002

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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WHR-005

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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Geologic Cross Sections

The geologic cross sections present in the GRI digital geologic-GIS data produced for the southern
portion of Blue Ridge Parkway, North Carolina and Virginia (BLRI) are presented below. Cross section
graphics were scanned at a high resolution and can be viewed in more detail by zooming in (if viewing
the digital format of this document).  Some unit symbols and/or unit names present on these cross
sections have been changed in the GRI digital geologic-GIS data, and in this document (see the Map
Unit List and Map Unit Descriptions sections of this document as to why some unit symbols and/or
names were changed by the GRI.

Cross Section A-A'

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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Cross Section B-B'

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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Cross Section C-C'

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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GRI Source Ancillary Map Information

Blue Ridge Parkway Bedrock South

Merschat, Carl, Carter, Mark, Wooten, Rick, 2008, Geologic Map of Blue Ridge Parkway, North
Carolina portion (unpublished): North Carolina Geological Survey, scale 1:24,000. (GRI Source Map
ID 4160).

Correlation of Map Units

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).
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Note that several unit symbols were changed in the GRI digital geologic-GIS data and in this document.
See the Map Unit List section of this document as to why some unit symbols were changed by the GRI.

Structural Features Legend

Extracted from: (GRI Source Map ID 4160) (Blue Ridge Parkway Bedrock South).

Blue Ridge Parkway Geohazards South

Merschat, Carl, Carter, Mark, Wooten, Rick, 2008, Geologic Hazards of Blue Ridge Parkway, North
Carolina portion (unpublished): North Carolina Geological Survey, scale 1:24,000. (GRI Source Map
ID 76004).

Geohazards Readme/Report document

Included with the geohazards digital data and ancillary files provided by the North Carolina Geological
Survey was a readme/report document.  This document provides a summary of the geohazards data for
the parkway, as well as for nearby Carl Sandburg Home National Historic Site.

Summary of Geohazards Data and Data Layers for The Blue Ridge Parkway in North Carolina,
and the Carl Sandburg Home National Historic Site




Summary of Geohazards Data and Data Layers for The Blue Ridge Parkway in North Carolina, and the Carl Sandburg Home National Historic Site


North Carolina Geological Survey
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1. Geohazards database (BRP_Geohaz_Points.mdb, BRP_Geohaz_Points.xls, BRP_Geohaz_Points_Stats.xls).


The geohazards database for the Blue Ridge Parkway is in Microsoft Access™ (mdb) and Excel™ (xls) formats.   The database includes locations (latitude and longitude coordinates) and geologic, geomorphic and soil and rock data on known slope movements, potential rock slope movements, and slope movement deposits obtained primarily from field data collected by NCGS staff, and other published sources.  Classification of slope movement type is in general accordance with Cruden and Varnes (1996) and Varnes 1978. Summary statistical information for slope movements by type, slope configuration and activity level; and slope movement deposits by type. 


------------------------------------------------------------------------------------------------------------


2. Deposit point location data layer (deposit_points.shp). 


This data layer shows the locations for field verification points for slope movement deposits mapped along the Blue Ridge Parkway and in adjoining National Park Service land (e.g., Doughton Park).  Generalized deposit attributes for each point are given in the geohazards database.


------------------------------------------------------------------------------------------------------------

3.  Deposit polygon data layer (deposit_polygon.shp).


These polygons outline the areal extent of slope movement deposits (e.g., block streams, block fields, talus, colluvium, and debris fans) mapped along the Blue Ridge Parkway.   NCGS staff delineated the approximate outlines of the deposits primarily from field investigations, but used 7.5-minute topographic maps, LiDAR DEMs and other published sources where available.  Because these features are often quite large in extent, the boundaries of these polygons only extend to the National Park Service boundary; the actual features will often extend further upslope or downslope from the boundary.


------------------------------------------------------------------------------------------------------------

4.  Outlines of recent slope movements data layer (tracks_outlines.shp). 


This data layer outlines the areal extent of relatively recent, individual slope movements such as debris flow tracks and the outlines of slow-moving landslides.   Outlines were determined from field investigations and features visible in aerial imagery.  Outlines are shown only for those features mappable at a scale of 1:24,000.  Smaller features are indicated by point locations in the process point data layer (process_points.shp).  Features that initiate outside but cross National Park Service boundaries have been included due to the potential impacts to the Blue Ridge Parkway.


-----------------------------------------------------------------------------------------------------------

5.  Process point data layer (process_points.shp).    


This data layer gives point locations for the different types of slope movement processes (i.e., landslides) identified along the Blue Ridge Parkway during this study.  The point location represents the initiation zone or head scarp of the slope movement.  The point locations are presented by type, activity level, and rock slope hazard ranking. The types of slope movement are classified in general accordance with Varnes (1978) and Cruden and Varnes (1996).  Activity levels are categorized as past active, active, potential, or a composite of activity levels such as “past active/potential,” meaning the location shows evidence of past, and potential future movement.   Several types of landslide activity occur along the Parkway.  Two of the more prevalent types of slope movement processes identified in the study are summarized below.    


Rock slope instability. Rock slope instability in cut slopes is the most frequent and widespread landslide hazard on the Blue Ridge Parkway.  Geologic hazard ratings for rock slopes identified as having the potential for significant instability are given a geologic hazard ranking of low, moderate or high.    The geologic hazard ratings of low, moderate, and high are generalized rankings for the relative probability of rock fall and/or rock slide activity at a given location.  The rankings are based on the kinematic analyses (stereonets) shown on the rock slope analysis sheets, (pdf images linked to this data layer), the size (height, length and angle) of the cut slope, observed seepage zones, relative numbers of dilated or open rock discontinuities, and the presence of sulfidic (potentially acid-producing) rock.  All rock slopes given a high hazard rating” are estimated to have a high probability of rock slide and/or rock fall activity in the long term. The high ranking is subdivided into two categories, Priority 1 and Priority 2.  Priority 1 rock slopes show indications for rock slide and/or rock fall activity in the near term.  Priority 2 rock slopes are judged to have a high potential for rock slide and/or rock fall activity in the long term.  


Embankment instability. Embankment failures are also a significant slope movement hazard along the Blue Ridge Parkway.  As a result of the heavy rainfall from the remnants of Hurricane Frances in September 2004, several embankment failures mobilized into destructive debris flows that traveled beyond the Blue Ridge Parkway corridor (Collins, 2008, Sas and others, 2008). Debris flows are a type of rapidly moving landslide made up of a mixture of water, soil and rock fragments. The tracks of these embankment failure-debris flows are shown in the data layer tracks_outlines.shp.  A detailed study of the existing and potential embankment failures was beyond the scope of the geohazards inventory of the Parkway; however, many obvious areas where embankment subsidence coincided with arcuate cracks in the pavement or road shoulder material were identified.  These points identify locations where the potential for continued embankment failure exists.  With the addition of sufficient moisture, some of these sites could mobilize into destructive debris flows that travel downslope beyond the Parkway corridor. 


------------------------------------------------------------------------------------------------------------


6.   Slope stability analysis sheets.   These sheets are in a pdf format and are hot-linked to stations in the process points data layer (process_points.shp) identified as having past active, active, and/or potential instability.  The sheets show images of representative areas of rock cut slopes, locations and orientations of rock slope discontinuities (e.g., foliations, compositional layering, fractures) related to the stability of the rock slope.  A kinematic rock slope stability analysis in the form of a stereonet plot (Watts and others, 2003) is included on all but a few of the sheets.  A few deposit points also have analysis sheets; these sheets are primarily to illustrate what these features look like along the Blue Ridge Parkway.

7.    Stability index data layer (BRP_SINMAP raster).


Debris flows are a type of landslide made up of a mixture of water, soil and rock fragments. Debris flows are particularly dangerous because they usually happen without warning, and move rapidly downslope, sometimes in excess of 30 miles per hour.   Mountain slopes like those along the Blue Ridge Parkway corridor are prone to debris flows during heavy rainfall events.  Debris flows have affected the Blue Ridge Parkway in the past as evidenced by debris flow tracks and debris fan deposits mapped in this study.  The stability index map provided for the Parkway corridor is a planning tool to help identify those areas where debris flows on unmodified (i.e., “natural) slopes are more likely to initiate 


The stability index (BRP_SINMAP raster, and BRP_SINMAP.mxd) data layers contain a color-coded raster file that delineates the potential, relative hazard rankings (high, moderate, and low) for the initiation of naturally occurring, shallow, translational slope movements (i.e., debris/earth flows, and debris/earth slides) in response to approximately 5 inches (125 mm) of recharge within a 24-hour period.  The three relative hazard rankings are generalized from the six predicted stability zones delineated on the map.  Figure 1 provides the definitions and additional information related to the hazard rankings, and the corresponding stability index categories and stability zones.  SINMAP does not predict that shallow translational slope movements will occur, but it predicts that if they do, where they are more likely to initiate given the assumptions and input parameters used in the analysis.  Debris/earth flows and debris/earth slides typically originate where thin (usually less than 6 ft or 2 m thick) soil overlies relatively low permeability layers such as bedrock or weathered bedrock on steep slopes, typically those greater than 20 degrees (36 percent).  This map is intended to indicate the distribution of high and moderate hazard areas where further slope stability analysis and assessment, including field verification, are recommended prior to undertaking ground disturbing activities in areas susceptible to debris flow initiation.  SINMAP does not predict where failures on modified ground will occur (i.e., embankment failures).

		Map Color Code

		Stability


Class

		Relative Debris/Earth Flow/Slide Hazard 1

		Stability Index      (SI) 2

		Factor of Safety (FS) 3

		Probability of Instability 4 

		Predicted Stability With Parameter Ranges Used in Analysis 

		Possible Influence of Stabilizing or Destabilizing


Factors 5



		 

		Unstable

		High

		0.0>SI>0.0

		Maximum FS <1

		100%

		Range cannot model stability

		Stabilizing factors required for stability.



		 

		Upper Threshold of Instability

		

		0.5>SI>0.0

		 >50% of FS  <1

		>50%

		Optimistic half of range required for stability

		Stabilizing factors may be responsible for stability.



		 

		Lower Threshold of Instability

		Moderate

		1.0>SI>0.5

		>50% of FS  >1

		<50%

		Pessimistic half of range required for instability

		Destabilizing factors are not required for instability.



		 

		Nominally Stable

		Low

		1.25>SI>1.0

		Minimum FS = 1

		___

		Cannot model instability with most conservative parameters specified

		Minor destabilizing factors could lead to instability



		 

		Moderately Stable

		

		1.5>SI>1.25

		Minimum FS = 1.25

		___

		Cannot model instability with most conservative parameters specified

		Moderate destabilizing factors are required for instability



		 

		Stable

		

		SI>1.5

		Minimum FS = 1.5

		___

		Cannot model instability with most conservative parameters specified

		Significant destabilizing factors are required for instability





Figure 1. Stability class definitions for stability index map units delineated using SINMAP.  Modified from Pack and others (1998, Table 1).  


Explanatory notes for Figure 1:


1 
Relative Debris/Earth Flow/Slide Hazard Ranking. This column designates the relative hazard ranking for the initiation of shallow translational landslides on unmodified (i.e. natural) slopes.


2 
Stability Index. The stability index is a numerical representation of the relative hazard for initiation of shallow translational slope movements based on the factors of safety computed at each point on a 20 ft (6 m) digital elevation model grid derived from LiDAR (Light Detecting and Ranging) elevation data. The stability index is a dimensionless number based on factors of safety generated by SINMAP that indicates the probability that a location is stable considering the most and least favorable parameters input into the model. 


3 
Factor of Safety (FS).  The factor of safety is a dimensionless number computed by SINMAP using the infinite slope equation that represents the ratio of the stabilizing forces that resist slope movement to destabilizing forces that drive slope movement. A FS >1 indicates a stable slope, a FS <1 indicates an unstable slope, and a FS =1 indicates the marginally stable situation where the resisting forces and driving forces are in balance.


4 
Probability of Instability. This column shows the likelihood that the factor of safety computed within this map unit is less than one (FS <1, i.e., unstable) given the range of parameters used in the analysis. For example, a <50% probability of instability means that a location is more likely to be stable than unstable given the range of parameters used in the analysis.


5 Possible Influences of Stabilizing or Destabilizing Factors. Examples of stabilizing factors include increased soil strength, root strength and improved drainage.  Destabilizing factors include increased wetness due to road drainage or loading, or loss of root strength.

------------------------------------------------------------------------------------------------------------


8.    Visible sulfide minerals point data layer (Visible_Sulfide_Stations.shp).   This data layer shows locations where field observations identified visible sulfide mineral(s) in exposures along the Parkway (see Appendix B).


------------------------------------------------------------------------------------------------------------

9.    Acid-producing rock test locations data layer (NNP_testing.shp). This shape file shows the locations of stations where bedrock was sampled and tested for their acid producing potential using the net neutralization potential (NNP) test.  Ranges of values for the NNP test results for each station are color-coded.  The sample descriptions and NNP test values for each are also included in the geohazards database. (see Appendix B).


------------------------------------------------------------------------------------------------------------

10.  Acid-producing rock potential ranking polygon data layer (Acid_Potential.shp).  This shape file shows the relative ranking of the major rock units mapped along the Parkway for the occurrence of acid-producing rock (see Appendix B).


------------------------------------------------------------------------------------------------------------

11.  Mines. Mine locations and near the BRP (BRP_mines.shp).  This layer shows the locations of known mines in the Blue Ridge Parkway corridor within the National Park Service Boundary.   Mine data as of September 2008 were accessed through the Minerals Resource Data System (http://tin.er.usgs.gov/mrds/) maintained by the U.S. Geological Survey.


------------------------------------------------------------------------------------------------------------

12.   LiDAR Elevation Data (Hill Shades\County Name).  Hillshade (shaded relief) maps for the counties crossed by and adjacent the Blue Ridge Parkway in North Carolina are included in the BRP SINMAP.mxd data layer.  These hillshade maps were generated using the 6 m pixel resolution LiDAR digital elevation data provided by the North Carolina Floodplain Mapping Program.


------------------------------------------------------------------------------------------------------------


13.  Appendix A.  Stability Index (SINMAP): Map Production, Infinite Slope Equation and Input Parameters.


Map Production.  The map was produced using SINMAP software, an ArcViewTM 3.x extension developed by Pack and others (1998) for use in a geographic information system (GIS).  SINMAP computes a factor of safety (FS) for each pixel on a 20 ft (6 m) LiDAR-derived digital elevation model (DEM). The FS is calculated from the input hydrologic, soil and topographic data using the infinite slope model (Figures A1-A3) (Pack and others, 1998; Hammond and others, 1992).  The FS is a dimensionless number that represents the ratio of the stabilizing forces to destabilizing forces at a location.  A FS<1 indicates unstable conditions, whereas a FS>1 indicates stable conditions given the assumptions and parameters input into the model.  SINMAP then assigns a stability index based on the computed factors of safety.  The six stability zones are assigned relative hazard rankings (high, moderate, and low) based on the calculated stability index ranges and known slope movement occurrences (see Figure 1).


Model input parameters include upper and lower bounded values for recharge, soil transmissivity (soil hydraulic conductivity multiplied by soil thickness), and other soil properties (i.e., unit weight, thickness, effective friction angle, effective cohesion).  SINMAP randomly samples the bounded input parameter values from a uniform probability distribution to account for the variability and uncertainty inherent in natural systems.  Visual-manual soil classifications and soil descriptions along the Parkway augmented with laboratory soil test results from the NCGS soil database were used to assign basic soil properties.  These soil classifications, descriptions and test results, along with values for soil properties used for similar geologic units found in Macon and Watauga Counties (Wooten and others, 2006 and 2008), and literature values for soil properties given in Hammond and others (1992) were used to constrain reasonable ranges of soil input parameters for the stability index modeling along the Parkway.  The stabilizing affect of vegetation is accounted for as root cohesion in the dimensionless cohesion parameter (see Input Parameters).  Input values for root cohesion were constrained using the results of recent research at the U.S. Forest Service Coweeta Hydrologic Laboratory (Hales and others, 2007).  SINMAP uses slope and topographic convergence derived from the LiDAR elevation data to model saturation in convergent hollow areas. 


The 5-inch (125 mm) steady state recharge value used in the SINMAP analysis approximates an equivalent amount of rainfall within a 24-hour period.  This recharge value is used because historical evidence (Eschner and Patric, 1982; Neary and Swift, 1987; and Witt, 2005) and recent examples in North Carolina indicate that 5 inches (125 mm) of rainfall within a 24-hour period is an approximate threshold for triggering debris/earth flows and slides.  Watershed studies at the U.S.D.A. Forest Service Coweeta Hydrologic Laboratory in Macon County show that 3-19% of rainfall from storms is direct runoff (storm flow) rather than recharge (Hewlett and others, 1984).  If this is the case, then as much as 6 inches (154 mm) or more of rainfall may be required to produce the 5 inches (125 mm) of recharge used in the SINMAP analysis.


SINMAP uses topographic catchment areas derived from digital elevation data to model soil wetness where shallow groundwater flow lines are assumed to converge in areas of concave topography.  For this reason, and to avoid anomalous boundary effects in the SINMAP model along artificial landscape boundaries, it was necessary to run the SINMAP model using watershed boundaries that extend well beyond the Parkway corridor.   We input generalized soil property values to reflect those more consistent with those found along the Parkway (i.e., thinner, less cohesive soil, and clast-supported block stream and block field deposits) than those considered representative of the distribution of properties across entire watersheds.   For display purposes the SINMAP model results were then clipped to a 500 m buffer along the National Park Service boundary.


Model Calibration


The model calibration (i.e., the parameter adjustment process) was performed as recommended by the developers of SINMAP (Pack and others, 1998).  Initial model runs used ranges of parameter values selected and constrained from the sources described above.  Parameter values (primarily dimensionless cohesion, soil thickness, internal angle of friction, and hydraulic conductivity) were then adjusted within reasonable ranges so that the majority of the slope movement locations used for calibration were captured in the high hazard (upper threshold and unstable) zones.


Infinite Slope Equation.  The variation of the infinite slope equation shown below is used by SINMAP to calculate factors of safety and derive stability indices used to generate the stability index map. 
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Figure A1.  Schematic of showing the modified version of the infinite slope equation and a cross section of generalized hillslope conditions used to compute factors of safety in SINMAP (adapted from Pack, Tarboton, and Goodwin, 1998).


FS = Factor of Safety: Ratio of forces resisting slope failure to the forces driving slope failure.  A FS>1 indicates stable conditions whereas a FS<1 indicates unstable conditions.  SINMAP computes a factor of safety at each point on the 20ft(6m) LiDAR DEM grid to derive the stability index.


a   =   Topographic catchment area (see diagram below).


C  =   Dimensionless cohesion = (soil cohesion + root cohesion) / (soil depth x soil density x gravity constant).  See Input Parameters.


R  =   Recharge (5 in./24hr assumed).


T  =   Soil transmissivity = soil hydraulic conductivity (Ksat) x soil thickness.


 =  Soil internal angle of friction.


θ   =  Slope.
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Figure A2.  Schematic showing an example of a topographic catchment derived from digital elevation data and used by SINMAP to model soil wetness.  Shallow groundwater flow lines are assumed to converge in areas of concave topography.


Input Parameters.  This section defines the parameters and explains the parameter value input and sampling procedure used by SINMAP.  The parameter values for each of the calibration regions used to produce the stability index map for the Blue Ridge Parkway corridor are shown in Table 1 on the Blue Ridge Parkway Project.mxd stability index layer.
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Figure A3.  User-defined values used as input parameters for the infinite slope equation in the SINMAP model. 


For each calibration region SINMAP allows the user to define constant values, and upper and lower bounding values for certain parameters (Figure A3).  SINMAP uses upper and lower bounded values to define uniform probability distributions for T/R (transmissivity to recharge ratio), Cd (dimensionless cohesion), and  (soil internal angle of friction).  SINMAP then uses these constant values, and values randomly sampled from the uniform probability distributions, for input into the modified infinite slope equation to compute factors of safety and derive the stability indices.


------------------------------------------------------------------------------------------------------------


14.  Appendix B.   Acid-producing Rock Potential: Summary and Guidelines.


Background.  Acid-producing rocks are common in the western Blue Ridge of North Carolina.  Most rocks in the western Blue Ridge contain at least trace amounts of sulfide minerals, but at concentrations below that necessary to produce harmful environmental impacts when exposed.  Schaeffer and Clawson (1996) and Douglas and others (2007) report acid-producing rock, primarily within the Murphy Belt and Great Smoky Group rocks in western North Carolina, that contains concentrations of sulfide minerals sufficient to warrant mitigation measures when encountered in engineering projects.  Bryant and others (2003) summarize many of the engineering and environmental problems associated with acid-producing rocks.  The acid-producing potential of rocks results from the naturally occurring iron sulfide minerals contained in them.  Numerous rock types exposed along the Blue Ridge Parkway (BRP) contain iron sulfide minerals.  Pyrite (FeS), pyrrhotite (Fe1-xS), and, to a lesser extent, chalcopyrite (CuFeS2) are the most common iron sulfide minerals found in these rocks.


Excavation greatly increases the exposed area of the rock and constituent minerals and accelerates weathering of sulfide-rich rock types.  Oxidation and hydrolysis of the freshly exposed sulfide minerals produces sulfuric acid runoff with a pH as low as 2.5.  This runoff can cause a sudden decrease in pH in nearby streams. Migration of acid runoff into surface waters can degrade water quality and kill aquatic life as happened in 1963 during reconstruction of U.S. Highway 441 near Newfound Gap in the Great Smoky Mountains National Park.  Acidic runoff is usually greatest shortly after road construction; however, acidic runoff can continue at a decreased level for years after construction.  Acid-producing rocks can also adversely affect slope stability, particularly if untreated material is used in embankments and in some cases when the rocks are exposed in road cuts.  


Identification of Potential Acid-Producing Rock on the Blue Ridge Parkway.  Field observations, geologic mapping, and laboratory testing of rocks sampled at selected locations were used to assess the areas most likely to have acid-producing rock along the Blue Ridge Parkway (see NNP_testing.shp, Visible_Sulfide_Stations.shp, and Acid_Potential.shp).  The North Carolina Department of Transportation – Asheville Geotechnical Unit performed net neutralization potential (NNP) tests on sixteen rock samples collected from cut slope exposures along the Parkway.  The NNP test, also known as the Acid Base Accounting (ABA) test, consists of testing the Acid Potential (AP) and the Neutralization Potential (NP) of rock samples. The results are reported as the Net Neutralization Potential (NNP), which equals the Neutralization Potential (NP) minus the Acid Potential (AP).  Test procedures are described in detail in Sobek and others (1978) and summarized in Byerly (1996).  


Test results for the Blue Ridge Parkway samples are shown in Figure B1.  In practical terms the NNP test value equals the number of tons of calcium carbonate (CaCO3) needed to neutralize 1,000 tons of acid-producing material.   Test values less than -5 indicate rocks with a significant acid-producing potential.  For example, an NNP value of –5 means that 5 tons of CaCO3 are needed to neutralize 1,000 tons of the tested material. 


The purpose of the testing along the Parkway was to confirm the presence of sulfide minerals made from visual observations; therefore, the test data are biased towards those exposures suspected of having sulfide minerals present.  A few control samples were tested that were suspected to have only trace amounts of iron sulfide mineral, i.e., a NNP value > -5.  The NNP test data help quantify the range of values of acid producing potential that can be expected for rock types exposed along the Parkway. 


NNP test values ranged from a high of 19.7 to a low of -273.3.   The seven schistose rock samples make up the majority of test results with an NNP less than -5 and occur in all the major geologic divisions tested (Figure B1). The lowest NNP test value of -273.3 is very localized muscovite schist containing a visible zone of concentrated sulfide minerals sampled from the Ashe Metamorphic Suite sampled from the same outcrop sequence shown in Figure B2.  The occurrence and concentration of iron sulfide minerals in rocks varies widely; therefore, it is important to note that the NNP test values presented do not characterize entire map units, but represent localized, acid-producing rock types interlayered with those that may not be acid producing.  


The geologic units mapped along the Parkway are subdivided into segments that are assigned a high, medium or low potential for the occurrence of acid-producing rock types. The rankings of these segments are based on the presence of graphitic, sulfidic schist layers and observed sulfide minerals (Visible_Sulfide_Stations.shp), and the results of NNP testing (NNP_testing.shp).  Rocks of the Great Smoky Group and part of the Otto Formation are ranked as having a high potential for acid-producing rock.  Rocks of the Ashe Metamorphic Suite and Alligator Back formation are ranked as having an overall moderate potential for acid- producing rock.  All other map units delineated along the Parkway are ranked as having a low acid-producing rock potential.   These subdivisions and corresponding rankings are shown in the Acid_Potential.shp data layer.  Specific outcrop locations identified to contain graphitic, sulfidic schist or sulfide minerals are given in the geohazards database (BRP_Geohaz_Points.mdb and/or BRP_Geohaz_Points.xls), and shown on an accompanying data layer (processes_points.shp)

[image: image5.png]Net Neutralization Potential (NNP)
(tons of CaCO3/ 1,000 tons of material)

20.000

0.000 -

-20.000 A

-40.000

-60.000

-80.000

-100.000

-120.000

-140.000

-160.000

-180.000

-200.000

-220.000

-240.000

-260.000

-280.000

Acid Base Accounting Test Data for the Blue Ridge Parkway
NNP <-5 = Acid Producing Potential

|

HZR CER CER OFR | OFR OFR CER OFR SAM SAM SNR T SNR . SNR SNR SNR

009 001 005 003 ' 007A _ o007B 003 010 014B___ 014A 013 ' oo1B 001A __ 001B 003
R — | I — SNR
! ' 001D
| I
| |
| I
| |
[ [
| |
| |
| |
[ |
| |
| |
| |
| |
| |
[ [
| |
| |
[ |
| |
| |
[ [
| |
| |
[ |
| |
| |
[ [

PzZog Zabg | Zabs Zagg Zgsg | Zgssi
| |

Otto Ashe

Fmtn Alligator Back Metamorphic Suite Metamorphic Great Smoky Group

Suite

I biotite schist

I metagraywacke

graphitic
muscovite
schist

I quartzite

schistose

muscovite
schist metagraywacke







Figure B1. Chart showing the NNP test results for sixteen samples categorized by rock types and grouped within mapped bedrock units along the BRP.  Data point numbers for outcrop locations are shown for each color bar.  Letters after the same data point numbers indicate different samples tested from one data point location (e.g., OFR-007A, OFR-007B).


Recognition Criteria.  Recognizing rocks that have acid-producing potential is the critical first step in avoiding potential problems with acid runoff or slope instability (Figures B2-B4).  The weathered surfaces of these rocks are commonly highly stained with an orange-brown color from iron oxides, and can be covered with secondary white to yellowish sulfate minerals (Figures B2 and B3).  In some cases secondary, white gypsum “blooms” stand in relief on exposed bedrock surfaces. Some rock types in southwestern North Carolina contain about one to five percent of these iron sulfide minerals, whereas other rock types contain less than one percent.  The high-sulfide rock types include dark-gray to black, graphitic, sulfidic schist and phyllite, as well as associated metagraywacke. Graphitic rocks typically have a silvery gray sheen on fresh surfaces (Figure 4) and will leave a dark gray smear of graphite on paper.


The technology and expertise to mitigate the adverse affects of acid-producing rocks exists within the Federal Highways Administration and the North Carolina Department of Transportation.  During construction, mitigation measures usually involve isolating or neutralizing the acid-producing rock. Isolation can be achieved using low permeability clays to encapsulate acid-producing materials, whereas neutralization is typically done with calcium carbonate (CaCO3) derived from limestone or marble.  Byerly (1996) and Bryant and others (2003) describe various handling and mitigation methods.
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Figure B2.  Close up view of shiny pyrite crystals (blue arrows) surrounded by dark orange, iron oxide staining on a fracture surface in quartzite (SAM-014B).
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Figure B3.  White gypsum blooms, and yellow (jarosite?) and dark orange oxide coatings on sulfidic metagraywacke exposed adjacent to the June 15, 1999 rockslide (CER-001) near Crabtree Meadows. The NNP test value for this rock was –22.02 as shown on Figure 1.
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Figure B4.  Left – August 18, 2006 rockslide (SNR-001) near the Cranberry Ridge overlook in metagraywacke and graphitic, sulfidic schist.  NNP test values here range from –19.7 in schistose metagraywacke (SNR-001D), to -41.9 in graphitic sulfidic schist (SNR-001C) shown on Figure 1.  Right – Close up view of broken rock fragments of rock slide debris with parts of the vehicle totaled in the slide.  Iron oxide stained weathering surfaces and a dark gray sheen on the freshly exposed broken faces of the rock fragments typifies graphitic, sulfidic rocks.


Mitigation Measures.  Our field observations did not identify any locations where acid runoff appears to result in obvious adverse environmental impacts; therefore, we do not recommend any measures to mitigate the affects of acid-producing rock at this time.  If in the future, substantial quantities of acid-producing rock are freshly exposed through road reconstruction or rock slope failures, then mitigation measures such as isolation or treatment of the rock material may be warranted.  For example, if large volumes of acid-producing rock need to be removed from the roadway as in the case of the August 18, 2006 rockslide near the Cranberry Ridge overlook, then it is recommended that the acid-producing waste material: 1) be isolated; or, 2) not be stockpiled where runoff can enter streams; or 3) not be stockpiled on steep slopes where it could contribute to slope instability. 


15. Appendix C. Geologic Hazards at the Carl Sandburg Home National Historic Site.


NCGS staff reviewed literature and made field traverses at the Carl Sandburg Home National Historic Site (CSHNHS) to identify any geologic hazards present on the property.   The only significant geologic hazard noted at the CSHNHS was the potential for radon in both the indoor air and in drinking water wells on the property.  This potential radon hazard occurs as a result of the uranium rich rock in the area, particularly in the Henderson Gneiss.


The EPA recommended maximum contaminant level (MCL) for radon in groundwater is 300 pCi/L.  They have proposed an alternate MCL of 4000 pCi/L for wells and have an established mitigation program for indoor radon.  Figure 1 shows the location of the CSHNHS and the peak of Glassy Mountain relative to wells in the area that were tested for radon.  Many of the wells around CSHNHS have levels of radon well above the EPA’s recommended MCL and alternative MCL.  Information on radon in this area was obtained from Campbell (2006) and is included with this deliverable for your reference in BRP2008\Peripherals).  
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Figure C1.  Radon levels in water wells near the CSHNHS.  All points exceed the EPA’s recommended MCL, and most exceed the EPA’s alternate MCL.
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16.  References


1. Geohazards database (BRP_Geohaz_Points.mdb, BRP_Geohaz_Points.xls, BRP_Geohaz_Points_Stats.xls).


The geohazards database for the Blue Ridge Parkway is in Microsoft Access™ (mdb) and Excel™ (xls) formats.   The database includes locations (latitude and longitude coordinates) and geologic, geomorphic and soil and rock data on known slope movements, potential rock slope movements, and slope movement deposits obtained primarily from field data collected by NCGS staff, and other published sources.  Classification of slope movement type is in general accordance with Cruden and Varnes (1996) and Varnes 1978. Summary statistical information for slope movements by type, slope configuration and activity level; and slope movement deposits by type. 


------------------------------------------------------------------------------------------------------------


2. Deposit point location data layer (deposit_points.shp). 


This data layer shows the locations for field verification points for slope movement deposits mapped along the Blue Ridge Parkway and in adjoining National Park Service land (e.g., Doughton Park).  Generalized deposit attributes for each point are given in the geohazards database.


------------------------------------------------------------------------------------------------------------

3.  Deposit polygon data layer (deposit_polygon.shp).


These polygons outline the areal extent of slope movement deposits (e.g., block streams, block fields, talus, colluvium, and debris fans) mapped along the Blue Ridge Parkway.   NCGS staff delineated the approximate outlines of the deposits primarily from field investigations, but used 7.5-minute topographic maps, LiDAR DEMs and other published sources where available.  Because these features are often quite large in extent, the boundaries of these polygons only extend to the National Park Service boundary; the actual features will often extend further upslope or downslope from the boundary.


------------------------------------------------------------------------------------------------------------

4.  Outlines of recent slope movements data layer (tracks_outlines.shp). 


This data layer outlines the areal extent of relatively recent, individual slope movements such as debris flow tracks and the outlines of slow-moving landslides.   Outlines were determined from field investigations and features visible in aerial imagery.  Outlines are shown only for those features mappable at a scale of 1:24,000.  Smaller features are indicated by point locations in the process point data layer (process_points.shp).  Features that initiate outside but cross National Park Service boundaries have been included due to the potential impacts to the Blue Ridge Parkway.


-----------------------------------------------------------------------------------------------------------

5.  Process point data layer (process_points.shp).    


This data layer gives point locations for the different types of slope movement processes (i.e., landslides) identified along the Blue Ridge Parkway during this study.  The point location represents the initiation zone or head scarp of the slope movement.  The point locations are presented by type, activity level, and rock slope hazard ranking. The types of slope movement are classified in general accordance with Varnes (1978) and Cruden and Varnes (1996).  Activity levels are categorized as past active, active, potential, or a composite of activity levels such as “past active/potential,” meaning the location shows evidence of past, and potential future movement.   Several types of landslide activity occur along the Parkway.  Two of the more prevalent types of slope movement processes identified in the study are summarized below.    


Rock slope instability. Rock slope instability in cut slopes is the most frequent and widespread landslide hazard on the Blue Ridge Parkway.  Geologic hazard ratings for rock slopes identified as having the potential for significant instability are given a geologic hazard ranking of low, moderate or high.    The geologic hazard ratings of low, moderate, and high are generalized rankings for the relative probability of rock fall and/or rock slide activity at a given location.  The rankings are based on the kinematic analyses (stereonets) shown on the rock slope analysis sheets, (pdf images linked to this data layer), the size (height, length and angle) of the cut slope, observed seepage zones, relative numbers of dilated or open rock discontinuities, and the presence of sulfidic (potentially acid-producing) rock.  All rock slopes given a high hazard rating” are estimated to have a high probability of rock slide and/or rock fall activity in the long term. The high ranking is subdivided into two categories, Priority 1 and Priority 2.  Priority 1 rock slopes show indications for rock slide and/or rock fall activity in the near term.  Priority 2 rock slopes are judged to have a high potential for rock slide and/or rock fall activity in the long term.  


Embankment instability. Embankment failures are also a significant slope movement hazard along the Blue Ridge Parkway.  As a result of the heavy rainfall from the remnants of Hurricane Frances in September 2004, several embankment failures mobilized into destructive debris flows that traveled beyond the Blue Ridge Parkway corridor (Collins, 2008, Sas and others, 2008). Debris flows are a type of rapidly moving landslide made up of a mixture of water, soil and rock fragments. The tracks of these embankment failure-debris flows are shown in the data layer tracks_outlines.shp.  A detailed study of the existing and potential embankment failures was beyond the scope of the geohazards inventory of the Parkway; however, many obvious areas where embankment subsidence coincided with arcuate cracks in the pavement or road shoulder material were identified.  These points identify locations where the potential for continued embankment failure exists.  With the addition of sufficient moisture, some of these sites could mobilize into destructive debris flows that travel downslope beyond the Parkway corridor. 


------------------------------------------------------------------------------------------------------------


6.   Slope stability analysis sheets.   These sheets are in a pdf format and are hot-linked to stations in the process points data layer (process_points.shp) identified as having past active, active, and/or potential instability.  The sheets show images of representative areas of rock cut slopes, locations and orientations of rock slope discontinuities (e.g., foliations, compositional layering, fractures) related to the stability of the rock slope.  A kinematic rock slope stability analysis in the form of a stereonet plot (Watts and others, 2003) is included on all but a few of the sheets.  A few deposit points also have analysis sheets; these sheets are primarily to illustrate what these features look like along the Blue Ridge Parkway.

7.    Stability index data layer (BRP_SINMAP raster).


Debris flows are a type of landslide made up of a mixture of water, soil and rock fragments. Debris flows are particularly dangerous because they usually happen without warning, and move rapidly downslope, sometimes in excess of 30 miles per hour.   Mountain slopes like those along the Blue Ridge Parkway corridor are prone to debris flows during heavy rainfall events.  Debris flows have affected the Blue Ridge Parkway in the past as evidenced by debris flow tracks and debris fan deposits mapped in this study.  The stability index map provided for the Parkway corridor is a planning tool to help identify those areas where debris flows on unmodified (i.e., “natural) slopes are more likely to initiate 


The stability index (BRP_SINMAP raster, and BRP_SINMAP.mxd) data layers contain a color-coded raster file that delineates the potential, relative hazard rankings (high, moderate, and low) for the initiation of naturally occurring, shallow, translational slope movements (i.e., debris/earth flows, and debris/earth slides) in response to approximately 5 inches (125 mm) of recharge within a 24-hour period.  The three relative hazard rankings are generalized from the six predicted stability zones delineated on the map.  Figure 1 provides the definitions and additional information related to the hazard rankings, and the corresponding stability index categories and stability zones.  SINMAP does not predict that shallow translational slope movements will occur, but it predicts that if they do, where they are more likely to initiate given the assumptions and input parameters used in the analysis.  Debris/earth flows and debris/earth slides typically originate where thin (usually less than 6 ft or 2 m thick) soil overlies relatively low permeability layers such as bedrock or weathered bedrock on steep slopes, typically those greater than 20 degrees (36 percent).  This map is intended to indicate the distribution of high and moderate hazard areas where further slope stability analysis and assessment, including field verification, are recommended prior to undertaking ground disturbing activities in areas susceptible to debris flow initiation.  SINMAP does not predict where failures on modified ground will occur (i.e., embankment failures).

		Map Color Code

		Stability


Class

		Relative Debris/Earth Flow/Slide Hazard 1

		Stability Index      (SI) 2

		Factor of Safety (FS) 3

		Probability of Instability 4 

		Predicted Stability With Parameter Ranges Used in Analysis 

		Possible Influence of Stabilizing or Destabilizing


Factors 5



		 

		Unstable

		High

		0.0>SI>0.0

		Maximum FS <1

		100%

		Range cannot model stability

		Stabilizing factors required for stability.



		 

		Upper Threshold of Instability

		

		0.5>SI>0.0

		 >50% of FS  <1

		>50%

		Optimistic half of range required for stability

		Stabilizing factors may be responsible for stability.



		 

		Lower Threshold of Instability

		Moderate

		1.0>SI>0.5

		>50% of FS  >1

		<50%

		Pessimistic half of range required for instability

		Destabilizing factors are not required for instability.



		 

		Nominally Stable

		Low

		1.25>SI>1.0

		Minimum FS = 1

		___

		Cannot model instability with most conservative parameters specified

		Minor destabilizing factors could lead to instability



		 

		Moderately Stable

		

		1.5>SI>1.25

		Minimum FS = 1.25

		___

		Cannot model instability with most conservative parameters specified

		Moderate destabilizing factors are required for instability



		 

		Stable

		

		SI>1.5

		Minimum FS = 1.5

		___

		Cannot model instability with most conservative parameters specified

		Significant destabilizing factors are required for instability





Figure 1. Stability class definitions for stability index map units delineated using SINMAP.  Modified from Pack and others (1998, Table 1).  


Explanatory notes for Figure 1:


1 
Relative Debris/Earth Flow/Slide Hazard Ranking. This column designates the relative hazard ranking for the initiation of shallow translational landslides on unmodified (i.e. natural) slopes.


2 
Stability Index. The stability index is a numerical representation of the relative hazard for initiation of shallow translational slope movements based on the factors of safety computed at each point on a 20 ft (6 m) digital elevation model grid derived from LiDAR (Light Detecting and Ranging) elevation data. The stability index is a dimensionless number based on factors of safety generated by SINMAP that indicates the probability that a location is stable considering the most and least favorable parameters input into the model. 


3 
Factor of Safety (FS).  The factor of safety is a dimensionless number computed by SINMAP using the infinite slope equation that represents the ratio of the stabilizing forces that resist slope movement to destabilizing forces that drive slope movement. A FS >1 indicates a stable slope, a FS <1 indicates an unstable slope, and a FS =1 indicates the marginally stable situation where the resisting forces and driving forces are in balance.


4 
Probability of Instability. This column shows the likelihood that the factor of safety computed within this map unit is less than one (FS <1, i.e., unstable) given the range of parameters used in the analysis. For example, a <50% probability of instability means that a location is more likely to be stable than unstable given the range of parameters used in the analysis.


5 Possible Influences of Stabilizing or Destabilizing Factors. Examples of stabilizing factors include increased soil strength, root strength and improved drainage.  Destabilizing factors include increased wetness due to road drainage or loading, or loss of root strength.

------------------------------------------------------------------------------------------------------------


8.    Visible sulfide minerals point data layer (Visible_Sulfide_Stations.shp).   This data layer shows locations where field observations identified visible sulfide mineral(s) in exposures along the Parkway (see Appendix B).


------------------------------------------------------------------------------------------------------------

9.    Acid-producing rock test locations data layer (NNP_testing.shp). This shape file shows the locations of stations where bedrock was sampled and tested for their acid producing potential using the net neutralization potential (NNP) test.  Ranges of values for the NNP test results for each station are color-coded.  The sample descriptions and NNP test values for each are also included in the geohazards database. (see Appendix B).


------------------------------------------------------------------------------------------------------------

10.  Acid-producing rock potential ranking polygon data layer (Acid_Potential.shp).  This shape file shows the relative ranking of the major rock units mapped along the Parkway for the occurrence of acid-producing rock (see Appendix B).


------------------------------------------------------------------------------------------------------------

11.  Mines. Mine locations and near the BRP (BRP_mines.shp).  This layer shows the locations of known mines in the Blue Ridge Parkway corridor within the National Park Service Boundary.   Mine data as of September 2008 were accessed through the Minerals Resource Data System (http://tin.er.usgs.gov/mrds/) maintained by the U.S. Geological Survey.


------------------------------------------------------------------------------------------------------------

12.   LiDAR Elevation Data (Hill Shades\County Name).  Hillshade (shaded relief) maps for the counties crossed by and adjacent the Blue Ridge Parkway in North Carolina are included in the BRP SINMAP.mxd data layer.  These hillshade maps were generated using the 6 m pixel resolution LiDAR digital elevation data provided by the North Carolina Floodplain Mapping Program.


------------------------------------------------------------------------------------------------------------


13.  Appendix A.  Stability Index (SINMAP): Map Production, Infinite Slope Equation and Input Parameters.


Map Production.  The map was produced using SINMAP software, an ArcViewTM 3.x extension developed by Pack and others (1998) for use in a geographic information system (GIS).  SINMAP computes a factor of safety (FS) for each pixel on a 20 ft (6 m) LiDAR-derived digital elevation model (DEM). The FS is calculated from the input hydrologic, soil and topographic data using the infinite slope model (Figures A1-A3) (Pack and others, 1998; Hammond and others, 1992).  The FS is a dimensionless number that represents the ratio of the stabilizing forces to destabilizing forces at a location.  A FS<1 indicates unstable conditions, whereas a FS>1 indicates stable conditions given the assumptions and parameters input into the model.  SINMAP then assigns a stability index based on the computed factors of safety.  The six stability zones are assigned relative hazard rankings (high, moderate, and low) based on the calculated stability index ranges and known slope movement occurrences (see Figure 1).


Model input parameters include upper and lower bounded values for recharge, soil transmissivity (soil hydraulic conductivity multiplied by soil thickness), and other soil properties (i.e., unit weight, thickness, effective friction angle, effective cohesion).  SINMAP randomly samples the bounded input parameter values from a uniform probability distribution to account for the variability and uncertainty inherent in natural systems.  Visual-manual soil classifications and soil descriptions along the Parkway augmented with laboratory soil test results from the NCGS soil database were used to assign basic soil properties.  These soil classifications, descriptions and test results, along with values for soil properties used for similar geologic units found in Macon and Watauga Counties (Wooten and others, 2006 and 2008), and literature values for soil properties given in Hammond and others (1992) were used to constrain reasonable ranges of soil input parameters for the stability index modeling along the Parkway.  The stabilizing affect of vegetation is accounted for as root cohesion in the dimensionless cohesion parameter (see Input Parameters).  Input values for root cohesion were constrained using the results of recent research at the U.S. Forest Service Coweeta Hydrologic Laboratory (Hales and others, 2007).  SINMAP uses slope and topographic convergence derived from the LiDAR elevation data to model saturation in convergent hollow areas. 


The 5-inch (125 mm) steady state recharge value used in the SINMAP analysis approximates an equivalent amount of rainfall within a 24-hour period.  This recharge value is used because historical evidence (Eschner and Patric, 1982; Neary and Swift, 1987; and Witt, 2005) and recent examples in North Carolina indicate that 5 inches (125 mm) of rainfall within a 24-hour period is an approximate threshold for triggering debris/earth flows and slides.  Watershed studies at the U.S.D.A. Forest Service Coweeta Hydrologic Laboratory in Macon County show that 3-19% of rainfall from storms is direct runoff (storm flow) rather than recharge (Hewlett and others, 1984).  If this is the case, then as much as 6 inches (154 mm) or more of rainfall may be required to produce the 5 inches (125 mm) of recharge used in the SINMAP analysis.


SINMAP uses topographic catchment areas derived from digital elevation data to model soil wetness where shallow groundwater flow lines are assumed to converge in areas of concave topography.  For this reason, and to avoid anomalous boundary effects in the SINMAP model along artificial landscape boundaries, it was necessary to run the SINMAP model using watershed boundaries that extend well beyond the Parkway corridor.   We input generalized soil property values to reflect those more consistent with those found along the Parkway (i.e., thinner, less cohesive soil, and clast-supported block stream and block field deposits) than those considered representative of the distribution of properties across entire watersheds.   For display purposes the SINMAP model results were then clipped to a 500 m buffer along the National Park Service boundary.


Model Calibration


The model calibration (i.e., the parameter adjustment process) was performed as recommended by the developers of SINMAP (Pack and others, 1998).  Initial model runs used ranges of parameter values selected and constrained from the sources described above.  Parameter values (primarily dimensionless cohesion, soil thickness, internal angle of friction, and hydraulic conductivity) were then adjusted within reasonable ranges so that the majority of the slope movement locations used for calibration were captured in the high hazard (upper threshold and unstable) zones.


Infinite Slope Equation.  The variation of the infinite slope equation shown below is used by SINMAP to calculate factors of safety and derive stability indices used to generate the stability index map. 


[image: image2.png]



 


Figure A1.  Schematic of showing the modified version of the infinite slope equation and a cross section of generalized hillslope conditions used to compute factors of safety in SINMAP (adapted from Pack, Tarboton, and Goodwin, 1998).


FS = Factor of Safety: Ratio of forces resisting slope failure to the forces driving slope failure.  A FS>1 indicates stable conditions whereas a FS<1 indicates unstable conditions.  SINMAP computes a factor of safety at each point on the 20ft(6m) LiDAR DEM grid to derive the stability index.


a   =   Topographic catchment area (see diagram below).


C  =   Dimensionless cohesion = (soil cohesion + root cohesion) / (soil depth x soil density x gravity constant).  See Input Parameters.


R  =   Recharge (5 in./24hr assumed).


T  =   Soil transmissivity = soil hydraulic conductivity (Ksat) x soil thickness.


 =  Soil internal angle of friction.


θ   =  Slope.
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Figure A2.  Schematic showing an example of a topographic catchment derived from digital elevation data and used by SINMAP to model soil wetness.  Shallow groundwater flow lines are assumed to converge in areas of concave topography.


Input Parameters.  This section defines the parameters and explains the parameter value input and sampling procedure used by SINMAP.  The parameter values for each of the calibration regions used to produce the stability index map for the Blue Ridge Parkway corridor are shown in Table 1 on the Blue Ridge Parkway Project.mxd stability index layer.
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Figure A3.  User-defined values used as input parameters for the infinite slope equation in the SINMAP model. 


For each calibration region SINMAP allows the user to define constant values, and upper and lower bounding values for certain parameters (Figure A3).  SINMAP uses upper and lower bounded values to define uniform probability distributions for T/R (transmissivity to recharge ratio), Cd (dimensionless cohesion), and  (soil internal angle of friction).  SINMAP then uses these constant values, and values randomly sampled from the uniform probability distributions, for input into the modified infinite slope equation to compute factors of safety and derive the stability indices.


------------------------------------------------------------------------------------------------------------


14.  Appendix B.   Acid-producing Rock Potential: Summary and Guidelines.


Background.  Acid-producing rocks are common in the western Blue Ridge of North Carolina.  Most rocks in the western Blue Ridge contain at least trace amounts of sulfide minerals, but at concentrations below that necessary to produce harmful environmental impacts when exposed.  Schaeffer and Clawson (1996) and Douglas and others (2007) report acid-producing rock, primarily within the Murphy Belt and Great Smoky Group rocks in western North Carolina, that contains concentrations of sulfide minerals sufficient to warrant mitigation measures when encountered in engineering projects.  Bryant and others (2003) summarize many of the engineering and environmental problems associated with acid-producing rocks.  The acid-producing potential of rocks results from the naturally occurring iron sulfide minerals contained in them.  Numerous rock types exposed along the Blue Ridge Parkway (BRP) contain iron sulfide minerals.  Pyrite (FeS), pyrrhotite (Fe1-xS), and, to a lesser extent, chalcopyrite (CuFeS2) are the most common iron sulfide minerals found in these rocks.


Excavation greatly increases the exposed area of the rock and constituent minerals and accelerates weathering of sulfide-rich rock types.  Oxidation and hydrolysis of the freshly exposed sulfide minerals produces sulfuric acid runoff with a pH as low as 2.5.  This runoff can cause a sudden decrease in pH in nearby streams. Migration of acid runoff into surface waters can degrade water quality and kill aquatic life as happened in 1963 during reconstruction of U.S. Highway 441 near Newfound Gap in the Great Smoky Mountains National Park.  Acidic runoff is usually greatest shortly after road construction; however, acidic runoff can continue at a decreased level for years after construction.  Acid-producing rocks can also adversely affect slope stability, particularly if untreated material is used in embankments and in some cases when the rocks are exposed in road cuts.  


Identification of Potential Acid-Producing Rock on the Blue Ridge Parkway.  Field observations, geologic mapping, and laboratory testing of rocks sampled at selected locations were used to assess the areas most likely to have acid-producing rock along the Blue Ridge Parkway (see NNP_testing.shp, Visible_Sulfide_Stations.shp, and Acid_Potential.shp).  The North Carolina Department of Transportation – Asheville Geotechnical Unit performed net neutralization potential (NNP) tests on sixteen rock samples collected from cut slope exposures along the Parkway.  The NNP test, also known as the Acid Base Accounting (ABA) test, consists of testing the Acid Potential (AP) and the Neutralization Potential (NP) of rock samples. The results are reported as the Net Neutralization Potential (NNP), which equals the Neutralization Potential (NP) minus the Acid Potential (AP).  Test procedures are described in detail in Sobek and others (1978) and summarized in Byerly (1996).  


Test results for the Blue Ridge Parkway samples are shown in Figure B1.  In practical terms the NNP test value equals the number of tons of calcium carbonate (CaCO3) needed to neutralize 1,000 tons of acid-producing material.   Test values less than -5 indicate rocks with a significant acid-producing potential.  For example, an NNP value of –5 means that 5 tons of CaCO3 are needed to neutralize 1,000 tons of the tested material. 


The purpose of the testing along the Parkway was to confirm the presence of sulfide minerals made from visual observations; therefore, the test data are biased towards those exposures suspected of having sulfide minerals present.  A few control samples were tested that were suspected to have only trace amounts of iron sulfide mineral, i.e., a NNP value > -5.  The NNP test data help quantify the range of values of acid producing potential that can be expected for rock types exposed along the Parkway. 


NNP test values ranged from a high of 19.7 to a low of -273.3.   The seven schistose rock samples make up the majority of test results with an NNP less than -5 and occur in all the major geologic divisions tested (Figure B1). The lowest NNP test value of -273.3 is very localized muscovite schist containing a visible zone of concentrated sulfide minerals sampled from the Ashe Metamorphic Suite sampled from the same outcrop sequence shown in Figure B2.  The occurrence and concentration of iron sulfide minerals in rocks varies widely; therefore, it is important to note that the NNP test values presented do not characterize entire map units, but represent localized, acid-producing rock types interlayered with those that may not be acid producing.  


The geologic units mapped along the Parkway are subdivided into segments that are assigned a high, medium or low potential for the occurrence of acid-producing rock types. The rankings of these segments are based on the presence of graphitic, sulfidic schist layers and observed sulfide minerals (Visible_Sulfide_Stations.shp), and the results of NNP testing (NNP_testing.shp).  Rocks of the Great Smoky Group and part of the Otto Formation are ranked as having a high potential for acid-producing rock.  Rocks of the Ashe Metamorphic Suite and Alligator Back formation are ranked as having an overall moderate potential for acid- producing rock.  All other map units delineated along the Parkway are ranked as having a low acid-producing rock potential.   These subdivisions and corresponding rankings are shown in the Acid_Potential.shp data layer.  Specific outcrop locations identified to contain graphitic, sulfidic schist or sulfide minerals are given in the geohazards database (BRP_Geohaz_Points.mdb and/or BRP_Geohaz_Points.xls), and shown on an accompanying data layer (processes_points.shp)

[image: image5.png]Net Neutralization Potential (NNP)
(tons of CaCO3/ 1,000 tons of material)

20.000

0.000 -

-20.000 A

-40.000

-60.000

-80.000

-100.000

-120.000

-140.000

-160.000

-180.000

-200.000

-220.000

-240.000

-260.000

-280.000

Acid Base Accounting Test Data for the Blue Ridge Parkway
NNP <-5 = Acid Producing Potential

|

HZR CER CER OFR | OFR OFR CER OFR SAM SAM SNR T SNR . SNR SNR SNR

009 001 005 003 ' 007A _ o007B 003 010 014B___ 014A 013 ' oo1B 001A __ 001B 003
R — | I — SNR
! ' 001D
| I
| |
| I
| |
[ [
| |
| |
| |
[ |
| |
| |
| |
| |
| |
[ [
| |
| |
[ |
| |
| |
[ [
| |
| |
[ |
| |
| |
[ [

PzZog Zabg | Zabs Zagg Zgsg | Zgssi
| |

Otto Ashe

Fmtn Alligator Back Metamorphic Suite Metamorphic Great Smoky Group

Suite

I biotite schist

I metagraywacke

graphitic
muscovite
schist

I quartzite

schistose

muscovite
schist metagraywacke







Figure B1. Chart showing the NNP test results for sixteen samples categorized by rock types and grouped within mapped bedrock units along the BRP.  Data point numbers for outcrop locations are shown for each color bar.  Letters after the same data point numbers indicate different samples tested from one data point location (e.g., OFR-007A, OFR-007B).


Recognition Criteria.  Recognizing rocks that have acid-producing potential is the critical first step in avoiding potential problems with acid runoff or slope instability (Figures B2-B4).  The weathered surfaces of these rocks are commonly highly stained with an orange-brown color from iron oxides, and can be covered with secondary white to yellowish sulfate minerals (Figures B2 and B3).  In some cases secondary, white gypsum “blooms” stand in relief on exposed bedrock surfaces. Some rock types in southwestern North Carolina contain about one to five percent of these iron sulfide minerals, whereas other rock types contain less than one percent.  The high-sulfide rock types include dark-gray to black, graphitic, sulfidic schist and phyllite, as well as associated metagraywacke. Graphitic rocks typically have a silvery gray sheen on fresh surfaces (Figure 4) and will leave a dark gray smear of graphite on paper.


The technology and expertise to mitigate the adverse affects of acid-producing rocks exists within the Federal Highways Administration and the North Carolina Department of Transportation.  During construction, mitigation measures usually involve isolating or neutralizing the acid-producing rock. Isolation can be achieved using low permeability clays to encapsulate acid-producing materials, whereas neutralization is typically done with calcium carbonate (CaCO3) derived from limestone or marble.  Byerly (1996) and Bryant and others (2003) describe various handling and mitigation methods.
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Figure B2.  Close up view of shiny pyrite crystals (blue arrows) surrounded by dark orange, iron oxide staining on a fracture surface in quartzite (SAM-014B).
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Figure B3.  White gypsum blooms, and yellow (jarosite?) and dark orange oxide coatings on sulfidic metagraywacke exposed adjacent to the June 15, 1999 rockslide (CER-001) near Crabtree Meadows. The NNP test value for this rock was –22.02 as shown on Figure 1.
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Figure B4.  Left – August 18, 2006 rockslide (SNR-001) near the Cranberry Ridge overlook in metagraywacke and graphitic, sulfidic schist.  NNP test values here range from –19.7 in schistose metagraywacke (SNR-001D), to -41.9 in graphitic sulfidic schist (SNR-001C) shown on Figure 1.  Right – Close up view of broken rock fragments of rock slide debris with parts of the vehicle totaled in the slide.  Iron oxide stained weathering surfaces and a dark gray sheen on the freshly exposed broken faces of the rock fragments typifies graphitic, sulfidic rocks.


Mitigation Measures.  Our field observations did not identify any locations where acid runoff appears to result in obvious adverse environmental impacts; therefore, we do not recommend any measures to mitigate the affects of acid-producing rock at this time.  If in the future, substantial quantities of acid-producing rock are freshly exposed through road reconstruction or rock slope failures, then mitigation measures such as isolation or treatment of the rock material may be warranted.  For example, if large volumes of acid-producing rock need to be removed from the roadway as in the case of the August 18, 2006 rockslide near the Cranberry Ridge overlook, then it is recommended that the acid-producing waste material: 1) be isolated; or, 2) not be stockpiled where runoff can enter streams; or 3) not be stockpiled on steep slopes where it could contribute to slope instability. 


15. Appendix C. Geologic Hazards at the Carl Sandburg Home National Historic Site.


NCGS staff reviewed literature and made field traverses at the Carl Sandburg Home National Historic Site (CSHNHS) to identify any geologic hazards present on the property.   The only significant geologic hazard noted at the CSHNHS was the potential for radon in both the indoor air and in drinking water wells on the property.  This potential radon hazard occurs as a result of the uranium rich rock in the area, particularly in the Henderson Gneiss.


The EPA recommended maximum contaminant level (MCL) for radon in groundwater is 300 pCi/L.  They have proposed an alternate MCL of 4000 pCi/L for wells and have an established mitigation program for indoor radon.  Figure 1 shows the location of the CSHNHS and the peak of Glassy Mountain relative to wells in the area that were tested for radon.  Many of the wells around CSHNHS have levels of radon well above the EPA’s recommended MCL and alternative MCL.  Information on radon in this area was obtained from Campbell (2006) and is included with this deliverable for your reference in BRP2008\Peripherals).  
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Figure C1.  Radon levels in water wells near the CSHNHS.  All points exceed the EPA’s recommended MCL, and most exceed the EPA’s alternate MCL.
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