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HGS 2022 Field trip route and schedule

8:00 AM: Depart Renaissance Hotel, downtown Asheville
-travel SE on Interstate 26: 20 mile widening project
-travel down Blue Ridge escarpment

9:00 AM:Stop 1: Arrive at Old Howard Gap slide area.
9:45 AM: Depart Stop 1

10:45 AM: Arrive Stop 2: Gerton Slide

11:15 AM: Depart Stop 2

12:00 PM: Stop 3: LUNCH. 12 Bones BBQ&tVedge Brewery
1:15 PM: Depart The Wedge

-travel East on Interstate 40 down Blue Ridge escarpment
2:00 PM: Stop 4: MM 68 Shallow Landslide Barrier

2:30 PM: Depart Stop 4

-travel Interstate 26 north

3:15 PM: Stop 5: Buckner Gap cut

3:45 PM: Depart Stop 5

-travel 126 into TN, turn around at Flag Pond exit

4:15 PM: Arrive Stop 6: NC Welcome Center

4:45 PM: Depart Stop 6

5:10 PM: Arrive Stop 7, Renaissance Hotel, downtown Asheville
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ASHE METAMORPHIC SUITE AND TALLULAH FALLS FORMATION

ywacke — Foliated to massive, locally conglomeratic; inter-
Iwemd and gradational with mica schist, muscw:te-bmte gneiss,
and rare graphitic schist

Muscovite-biotite gneiss — Locally sulfidic; lntedswred and gradation-
al with mica schist, minor amphibolite, and homblende gneiss

Mica schist — Locally sulfidic and graphitic; minor interlayered mica
gneiss and amphibolite

Biotite gneiss — Interlayered with blome-qamet gneiss, biotite-
muscaovite schist, garnet-mica schist, and amphibolite

Amprabolue — Equigranular, massive to well foliated, interlayered,
arely discordant, metamorphosed intrusive and extrusive mafic
lwk may include metasedimentary rock

- COWEETA GROUP — Quartz dioritic gneiss, ieldsger-quanz-blotlte gneiss,
metasandstone and quartzite, alumino-silicate schist, garnetiferous biotite
gneiss, and minor amphibolite. Quartz dioritic gneiss predominant

BIOTITE GNEISS — Migmatitic; interlayered and gradational with biotite-
garnet gneiss and amphibolite; locally abundant quartz and alumino-
silicates. Stratigraphic position uncertain

- Amphibolite - Equigranular, massive to well foliated, interlayered,
rarely discordant, metamorphosed mtmswe and extrusive mafic
rock; may include metased mentary roc

UNCONFORMITY

GRANODIORITIC GNEISS (Middle Proterozoic, 1175 my; 2) — Greenish
gmyln pmlushgray porphyroclastic to mylonitic; epidote, sericite, and

TOXAWAY GNEISS (Middle Proterozoic, 1203 my; 12) — Poorly faliated
well foliated, equigranular to inequigranular, granitic

BIOTITE GRANITIC GNEISS (Late to Middle Proterozoic, 950-1250 my;
14) — Pinkish gray to vght gray, massive to well foliated, granitic to
quartz monzonitic; includes variably mylonitized anhcgnelss and para-
gneiss, interlayered amphibolite, calc-silicate rock, and marble. In-
cludes granites of the Bwson Cu'y area, Straight Fork window, and Elk
Park Plutonlc Suite

Ammbalne — Equigranular, massive to well foliated, interlayered,
rarely discordant, metamorphosed intrusive and extrusive mafic
rock; may include metasedimenary rock

- MIGMATITIC BIOTITE-HORNBLENDE GNEISSES (Middle Proterozoic,

1214 my; 12) — Layered biolite-granite gneiss, biotite-homblende
gu_niss. amphibolite, calc-silicate rock: locally contains relict granulite

Amphibolite — Equigranular, massive to well foliated, interlayered,
rarely discordant, metamorphosed intrusive and extrusive mafic
rock; may include metasedimentary rock

INNER PIEDMONT, CHAUGA BELT,
SMITH RIVER ALLOCHTHON, AND
SAURATOWN MOUNTAINS ANTICLINORIUM

METAMORPHIC ROCKS

- ROCKS OF BREVARD FAULT ZONE — "Fish scale” schistand phyllonite,
———— graphitic; interlayered with feldspathic metasandstone, marble lenses

U s
Pﬁm\’ﬁcﬁ LASTIC GNEISS — Massive to foliated, granodieritic, mig-
i

B comverica scHisT — nteriyersd with amphibolie

- GRANITIC GNEISS (Middle Proterozoic, 1192 my; 27) — Megacrystic, in
places contains amphibolite

INTRUSIVE ROCKS
DIABASE — Dikes, gray o black

[ v ] CHERRYVILLE GRANITE Wississiggon 351 . 20.21) — Massive to
foliated; contains pegmatites, lithium-bearing on east side

CAESAF!S HEAD GRANITE GNEISS {Devonan to Silurian, 409 my: 13) —
Equigranular to porphyritic, massive to well folisted; contains biotite
and muscovite

GRANITE GNEISS (Ordevician to Silurian, 438 my, 17} — Poarly foliated;
interlayered with biolite augen gneiss

MIGMATITIC GRANITIC GNEISS — Foliated to massive, granitic to quartz
dinfitic; biotite gneiss and amphibolite common

METAMORPHOSED GRANITIC ROCK {Cambrian to Ordovician, 455-540
myy, 10} — Equigranular to rmegacrystic, folisted to massive Includes
Toluca Granite

HENDERSON GNEISS (Cambrian, 524 my; 10} — Monzonitic to grano-
dioritic, inequigranular

METAMORPHOSED GABBRO AND DIORITE — Foliated to massive

META-ULTRAMAFIC ROCK — Met; sed dunite, local perid
inite, scap: . and other ul fic rock. Only larger bodies

shown
METAMORPHOSED GRAN(TIC ROCKlLate Praterozoic, 680-710 my; 18)
Massive to foliated, ieally mylonitic

Lithology and Geologic map, NCGS 19¢



Welcome to the Blue Ridge Province! Your trip will take you through
Ordovician (500 my) to Precambian (1.2 by) migmatized ortho and
paragneisses, metamorphosed intrusives, thrust faults and contacts
representing three orogenies and complex sequences dafrnast and
terranes. Although you won'’t be travelling through any of tiaed
geologic windows of the southern Blue Ridge, you will cross the Brevar
Fault zone several times. This structure has been studied and
interpreted for 100 years; special attentionnisted to the cited

reference by Bobyarchick which recounts the various attempts to
define the structure, especially interesting in the fiate tectonic era.

Theorized to be as high, or higher than the Rockies at formaZ2io,
million years of rifted erosion leave us with an exposed lookeapd
orogenic roots of multiple thrust events.

Precipitation of 66100” per year, deep ancient colluvial deposits,
complex mineralizatiomnd weathering profiles, and ndmear/planar
discontinuities make for distinct issues within the state. Deep
foundations rarely present problems.

Travel to Stop Will traverse 20 miles 0f26 E, which is currently under
a widening project to 6 and 8 lanes. The project involves major
structure replacement, a new exit, extensivaining walls and
engineered embankments to deal with impact on the French Broad
River valley and Historic Biltmore Estate property.

The trip will take you over the tallest bridge in the state-a6IMM 55
in the morning, and the second tallest &26 MM 2.5 in the afternoon.
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1-26, MM 60, Blue Ridge Escarpment Figure 1

I-26 on Saluda grade had stability issues during construction resutiting |
a 4 year delay.

2019 mapping by Appalachian Landslide Consultants recorded areas for
movement,monitoring, horizontal drain condition and other
information necessary for a future Interstate Maintenance effort.
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|-26, Blue Ridge Escarpment, Figure 2

This ratherfuzzyplan view shows the enormity and complexity of the
original horizontal drain installation. This is Area 6 as seerd,“Blue
Ridge Escarpment, Figure 1”, previous.

Much of this is now active slide with a failed collection systaatess,
and drains.
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Stop 1 Old Howard Gap Slide Area

2018 was a record rainfall year fitre area. Old Howard Gap Road is a
secondary route tat was relocated to the toe dhterstate 26
embankments and required wall, buttress and horizontal drain
stabilization during initial construction. Due to its location alomg t
escarpmentconcentratedprecipitation and hurricane runout produce
intense events. Sections of the embankment and cuts have failed and
been repaired many times.

2018 resulted in overwhelming of tHe6 surface drainage system,

with a river/wall of water dumped on the secondary road. The
Geotechnical Unit was geared up for another round of investigation and
recommendations when the largest embankment area morpheo a
15-acre big slow mover

OHG Road o¥ouTube: Erik Olsen, ErikOlsenPictures.com.
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According to the rating algorithm in the NCDOT Geotechnical Asset
Management program, the detour for this is not overly long and is the
interstate. Thidas taken the pressuraff to initiate an expensive
unexpected repairgood news since this failure aréas been

expanding beyond whatn initial investigation would have discovered!

Overview: Yellow are slide areas, solid red is new drainagedor
interstate. Dashed red box is location of pijaeking section under rare
and endangered plant locationk.was vital to map out slide areas, for
routing new drainage in stable locations.

8| Page



Orthophoto overview by NCDOT Div. 14 Loc and Surveys.

The field trip continues through Tryon, NC, parallel to the Pacolet Riv
and 26, and climbs up the Blue Ridge&gment to Saluda.
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Impact of 2018 concentrated rainfall on nearby escarpment:

Image slide from NCDEQ and NCGS by Rick Wooten, PG

Associated with the rainfall event at Old Howard Gap, the debris flows
to the south along US 176/Pacolet Rigervered the highway in several
places and resulted in one homeowner death.

We continue our trip through Hendersonville to east on US Géhéo
Bat Cave/Lake Lure area.
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Stop 2: US 74, Gerton Slide

2017 Streetview showing minor ditchline creep. Generalylst for
decades. After record rainfall in 2018 this developed instoav
rotational colluvial slide with continuous water and pavement uplift.
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Slide mobilized and now consumitige road...Required multiple
maintenance cleanups over a year.

Due to the size of colluvial deposit and steepne&sign decisios
wererock buttress, shear key, subsurface drainage and gerserou
catchment bench with cleanout access.
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Finished product with scarps developing above.

Depart Stop 2, travel up across Hickoryt Bap to Asheville. Lunch in
the River Arts District with BBQ from 12 Bones at the Wedge Brewery

(Stop 3 Lunch

1:15: Depart the Wedge and head east &f0| down and back up the
Blue Ridge Escarpment.

As you head west ordl0 you reach SwannaadGap the top of the

Blue Ridge Escarpmemearly continuous cut sections expose rocks of
the Brevard Fault Zone. At the orogen scale the escarpmenhesarly
linear landformstretching from Northern Georgia to central Virginia,
separating the mountains fronhe lower relief Piedmont physijwaphic
province to the east (Beip, 2022)Rock cus consist ohigh-grade
metamorphicfoliated Proterozoic to Paleozoicrystallinebedrock

The nature othe development and evolution of BRE topography
remain enigmatic and debatedhe highway traverses steep terrain
(ground slopes often exceed 90or 5 roadway miles, dropping 1,300
in the process(Scheip, 2022)
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Stop 4 Shallow landslide barrier at MM 68 cd0 W.

Image: Buncombe County, NC GIS

This steep slope is the site of numerous failures. Thegmas of

perched colluvium indicates groundwater and the location at the top of
the escarpment results in precipitation concentration. The faduske

the form of $ort debris flows and extremely saturated
saprolite/weathered rocknaterial that flows and blocks half or all of

the interstate with a shallow deposit. Fortunately, the naturdlos

deposit has not resulted in death or injury but has allowed for some car
surfing. The pr&018 image above shows excavated slopes and a
drainage swale that captures flow from rows afrizontal drains.

There are widely usedails on USFS land above, NCDOT is only allowed
to mitigate 100’ of ROW at this location. Due the nature of the failure
creeping up the slope it was determined the future failure would have
to be mitigated by a attenuator/catchment scheme. NCDOT was not
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going to be able to reinforce the slope above, and it is a paaéwti
huge area with multiple failure locations.

May 30, 2018. Top of current scarp. Slide blocked WB lanes an@&gump
barrier to EB lanes.
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Sliderunout with groundwater, mudand weathered rock.

1990 Incident
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Mitigation design cadld for double landslide debris barriers with fixed
shoulder barrier and access for cleanout.

June 22, 2020. Final installation of elements
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Field trip continues back to Asheville and north €6 IW toward
Tennessee.

Interstate 26 traverses directly acothe Blue Ridge; climbing the
escarpment from the foothills of North and South Carolina, north
through the French Broad River Valley, veering off to cross¢h& pf

the Blue Ridge at 3,800’ and down across the back of the thrust faults
that built the range.

North of Mars Hill, NC, NCDOT constructed 10 miles of new alignment
Interstate 26 as part of the Appalachian Development Highwaie8y

At the time, 2007, this was the largest single contract and eatcav
project in the State highway system. Theject involved 40 million

cubic yards of excavation, 3 million yards of unsuitable colluaatey
singleslope rock cuts with catchment and rockfall fence, steepgene
rock fills and buttresses, rock bolting, dowelling, scakhgicrete, and

a vast horiental drain system for embankment stability.

Rock slope design was based on oriented core drilling lar@@ cut
areas, yielding 17,000 discontinuity measurements. ddhtaonal 5,000
measurements were taken from rock outcipcluding persistence,
water, roughness and other design stability inputs/estigation
included nearly 1,500 borings and 2 miles of refractive seismic.
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I-26 Looking West at Buckner Gap, Madison County, NC, 2008. By RelgAmb

Stop 5:Buckner Gap Cut

This cut section is the laggt single excavation by NCDOT at nearly 4
million cubic yards. Investigation involved difficult roadbuilding azces
with surface mapping and multiple oriented core holes. Originally
intended as a probabilistic design, ultimately deterministic was used
yielding 1:1 on the west and 0.5:1 on the east. 70 tensioned rock
anchors and an entire anchored shotcrete bench add stability on the
east slope.
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Top lift of Buckner Gagut construction, looking South toward Asheville.

Looking toward Buckner Gap from the north. Cleared gap in disthacge rock buttresses
visible for soil slope support between rock cuts.
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Buckner Gap, east face. Anchor and shotcrete stabilization.

During construction holes were drilled across the benches to provide fubpe accespoints,
such as this Lidar study in 2020.
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Russell Glass looks over final paving28,IMadison Co.

-Field trip continues to NC/TN state line with a turnaround 5 miles into
TN at Flag Pond.

The Tennessee section e26 was completed 4 years before NNDtable difference is the use
of benched slopes and stacked rockfall fences.
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1,000’ south of the turnaroundt Flag Pond (back toward Asheville) is
good exposure of a thrust fault on the left side large cut. Iron sulfates
the base of the hanging wall required treatment and encapsulation
within the Flag Pond exit embankmentrry Moore).

Flag Pond Cut (Baace). Well exposed Blue Ridge thrusting within gneissic unit.
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Stop 6: NC Welcome Center

From the Welcome Center and trail above you get an expahsokeat
the inner Blue Ridge from the Craggy range east of Ash&viNM®ount
Mitchell, highest point east of the Mississippi at 6,684".

References

The Geologic Map of North Carolina, 1985, NCGS

Bauer, Jennifer and Fuemmel@&tephen, 201Report for Geologic Evaluation for Slope
Stability, Interstate 26 and Howard Gap Road ReN&lDOT Report.

Bobyarchick, Andy, April 199Bhe history of investigation of the Brevard Fault Zone and
evolving concepts in tectonics. Southeastern Geology

Moore, Harry, Spring022, Personal communication
Scheip, Corey, Spring 2022, Personal communication

Wooten, Rick, 2018 Webinddpdates on the NCGS'’s Landslide Mapping and Response
Program; Lidar, Drones and Boots on the Ground

24| Page



