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\ = % ) & Zas gw;gﬁglﬁ;garsncﬁ{ st Schematic block diagram showing the inferred stratigraphic relationships between map
\ \ 7 units. Exact stratigraphic placement and thicknesses are not implied. Although map
~ . units shown on the geologic map are defined on the basis of the dominant rock type,
82°45' 82°37'30" 82°30" / 350 30' all rock types can be found as thinner, interlayered and gradational layers and lenses
35°37'30" a 35037'30" Wilmington s within each map unit.
Enka Asheville
1
MAP UNITS OTHER ROCKTYPES
Sy : Ashe Metamorphic Suite: In the Bent Creek Research and The following rock types also occur in the Bent Creek Research and
! SET Demonstration Forest, the Ashe Metamorphic Suite is a heterogeneous Demonstration Forest, but individual bodies are too small and
A gty unit consisting of repetitive layers and lenses of sedimentary and mafic discontinuous to be shown at this scale.
RS e x volcanic rocks metamorphosed to sillimanite grade. It is subdivided
G ?Y?_A:barerumw o s and mapped based on dominant rock type into five lithologic units: PALEOZOIC INTRUSIVES
% Sillimanite-Garnet-Chlorite-Mica-Metasiltstone (Zasi): Medium-gray  Trondhjemite: Very light-gray to yellowish-gray; typically non-foliated;
to dark-gray; strongly foliated; fine- to medium-grained; equigranular o fine- to medium-grained; equigranular to inequigranular; typically
Dunsmore inequigranular; lepidoblastic to weakly granoblastic to porphyroblastic;  granoblastic to megacrystic; occur as thin dikes and sills ranging in
Mountain Skyland A locally migmatitic; consists of 3.6-21.4% quartz, 0.4-17.2% plagioclase, thickness from centimeters to meters. Although most trondhjemites are
35°22'30" { 35022'30" 37.6-71.0% muscovite, 10.6-15.8% chlorite, 5.6-10.0% garnet, 3.0- typically potassium-poor, one dike (map number ts-686) analyzed
82045 8293730 82°30" 8.6% ilmenite and other black opaque minerals, 0.0-0.2% epidote consists of 61.0% plagioclase feldspar, 24.8% quartz, 12.6%
group minerals, and a trace of sillimanite; thickness of layering ranges muscovite, 1.2% epidote group minerals, and a trace of garnet
irgm several millimeters to §everg| cennmeterS;.comr.nonly lntedayemd (composition indicative of a muscovite-rich tonalite). Trondhjemites in
with metagraywacke and sillimanite-garnet-chlorite-mica schist. the Asheville area have been age-dated at approximately 420 million
1 1 . years (Miller, 1998).
Metagraywacke (Zag): Medium-light-gray to medium-dark-gray; non-
foliated to weakly foliated; medium- to coarse-grained; equigranular o pegmatite: White to very light-gray, mottled; non-foliated; very coarse-
mequtgranulilr; granoblastic to Iealdoblasﬁc; locally mlgmzitmc; consists grained; equigranular; granoblastic. Bodies are lenticular to tabular.
of 26~4;37~2 % quartz, 31 ~8'42;2 % plagioclase, 0:0:234% k‘feldsl’?‘r’ Thickness of bodies ranges from decimeters to meters. Pegmatite
3.88.0% muscovite, 6.0-11.4% biotite, 0.6-2.0% gamet, 0.0-1.0%  consists primarily of plagioclase and microcline feldspars, quartz,
homblende, trace-10.8% epidote group mmoerals, trace-0.6% ilmenite  mscovite and, less common, biotite and garnet. Pegmatites typically
and other black opaque minerals, trace-0.4% apatite, and a trace of  cross-cut layering and foliation of other rock units. The absence of
zircon; thickness of layering ranges from several decimeters to several  |arge igneous intrusive bodies in this area as a source for pegmatitic
meters. material suggests that these pegmatites were probably derived from
. local melting during regional high-grade metamorphism.
910 000 FT Metaconglomerate (Zac): Medium-light-gray to medium-dark-gray; ’
non-foliated to weakly foliated; coarse-grained (most commonly granule
size); inequigranular; granoblastic; consists of 62.6-66.2% quartz, 6.4- METAMORPHIC ROCKS
16.8% plagioclase, 0.0-4.4% k-feldpar, 6.8-16.6% biotite, 5.4-13.0% g . - : " ! .
muscovite, 0.2-0.8% ilmenite and other black opaque minerals, 0.0- m:e%'i':;?-te{o ‘éﬁ‘:;eto r‘;?r?édl'_ggt'gza{é:ljgr@'ar;e:ol‘)?a::ﬁ?kgcézl::te:é
Vi wouivis ok, minsidla, 9.0 U.ews gamisr, 0.0:054 apillle, fvd & enerally thin la: ers—gand Ien"nseg (?hicknes; %f layerin 'ran es from
trace of zircon; thickness of layering ranges from decimeters to meters; gentime{ers 1o d)e,,-cimelers) within other ook eys (mg(’)st c%mmonl
granule composition is dominantly quartz; commonly interlayered with metagraywacke), and is locally gradational with tyg mittite. ©heSam IZ
metagraywacke, but also occurs locally as very thin interlayers in (ma gnu)r,nber ls-|662) ol ze)é%onsists of 31 8"; gla iociase telds Fz)ar
y 2 sillimanite-garnet-chlorite-mica-metasiltstone. Many metaconglomerate o8 42/ ofaldsnar 2632/ y uartz. 7.4% mus.m \th agn o SoREE gnci
i kake layers are difficult to recognize because of migmatization and 6 60/ obiotile ;l)\/li 'mati.tesn ig this ’re Eonowere ot Hlesiv darvs d' ok
D Powhatan metamorphic recrystallization. beel i, Al 305, o0 Ty
; / ocal melting during regional high-grade metamorphism.
650 000 FT et e o AL 650 000 FT Amphibolite (Zaa): Two textural varieties of amphibolite occur in the o . )
Ben'? Creek I(?ese)arch and Demonstration Forsst, but can not be Calc-smcgte Grgnofels: .nght-gray 2 medlum-gray; weakly fo
mapped separately into distinct map units. One is dark-green to black, strongly fohate'd‘. fme‘-to medmm:gramed, equ:granulgr. glanabiashis 1o
{ z : 3 A porphyroblastic; typically consists of quartz, plagioclase, a mafic
equigrantiial, Hines o mofium giained, ;stiondly: follaled, &nd mineral (either an amphibole or biotite), and garnet; occurs in all
namRGLastic. dhe anst b dakpmy o daikamenishainy, metasedimentary rock & es as thin la ers, Ienseg and' ods less than
squibenuiar 1o inequienula), MEdn: B coake gained, Hon- L thickryand isty glso associatgd and possibl ?adalional with
foliated, and granoblastic to porphyroblastic. Thickness of layering in hibolit ? p y9
both varieties ranges from centimeters to meters. Collectively, both QmpILOTie:
consist of 32.2-76.2% hornblende, trace-:'38.1% plagmda,se‘ 0',0-7'6% TMineral percentages of rock types, where indicated, are based on thin section point counts of
quartz, 0.0-3.0% garnet, 0.0-6.6% chlorite, 0.0-11.2% ilmenite and 500 grains per thin section.
other black opaque minerals, 0.0-1.2% apatite, 0.0-8.2% biotite, 0.0- B o
H 2 2 H 2 eference
27.4% ?p]d?te group mmera_ls' 0.0-10.0% actinolite and tremo'_lte' 0.0- Miller, C.F., 1998, Age and inheritance of eestern Blue Ridge plutons, SW North Carolina-
6.8% diopside and other clinopyroxenes, 0.0%-trace myrmekite, 0.0- NE Georgia, by high-resolution ion microprobe: Geological Society of America Abstracts
7.4% sphene, 0.0%-trace tourmaline, 0.0-2.0% rutile, 0.0-1.4% sericite, with Programs, v. 30, No. 4, p. 51.
0.0-0.4% zircon, and 0.0-0.6% k-feldspar. One sample of chlorite-
actinolite/tremolite schist (map number ts-791U) consists of 56.4%
actinolite and tremolite, 38.6% chlorite, 3.2% quartz, 1.2% rutile, 0.6%
sphene, and traces of diopside and other clinopyroxenes, epidote
group minerals, and biotite. Thinner layers and lenses of amphibolite, STRUCTURAL FEATU RES
too small and discontinuous to be shown at this scale, are interlayered
with other rock types in all map units. CONTACTS
Sillimanite-Garnet-Chlorite-Mica Schist (Zas): Very light-gray to i S S R A e . s
greenish-gray to medium-gray; strongly foliated; fine-grained;
equigranular to inequigranular; IepiQobIastic to porphyroblastic; qonsists Stratigraphic Contact
1 of 0.6-13.6% quartz, 0.0-0.6% , 31.6-74.4% muscovite, 0.0-
B f 0.6-13.6% quartz, 0.0-0.6% plagioclase, 31.6-74.4% muscovite, 0.0
18.0% sericite, 6.2-15.2% chlorite, 0.2-25.6% garnet, 3.0-7.8% 3 -
opaques, and a trace of sillimanite; thickness of layering ranges from long-dashed — approximately located to within 100 ft;
millimeters to centimeters; commonly interlayered with sillimanite- short-dashed — inferred
1 garnet-chlorite-mica metasiltstone.
WHOLE ROCK lCP ANALYS'S OF SELECTED STRIKE AND DIP OF PLANAR FEATURES
G US S S STR EAM SEDIMENT HEAVY Observation sites are centered on the strike bar,
or are at the intersection point of muitiple symbols.
NC COORDINATES MAP OXIDES IN PERCENT ELEMENTS IN PPM? MI N ERAL ANALYSIS
SAMPLE?| (state Plane, NAD 27, in feet) ROCKTYPE UNIT| SiO2 Al203 Fe203 MgO CaO Naz0 K20 TiO2 P205 MnO Cr203| Ba Ni Sr Zr Y Nb Sc |LOI*| SUMS / foliation / vertical foliation
15-160 650,882N; 924,176E chiorite-muscovite schist Zas | 4741 2489 11.88 050 0.08 064 454 162 006 003 0025 |1171 28 131 262 <10 <10 15 | 7.9 | 99.76 Stream sediment heavy mmeral’ analysis was oonducted June~July %
A5E SOM S18ARBE o e vis Lopas ovee: Apes Ead GbS A5 1998 to aid geologic mapping, better define conditions of
1s-273 T 3 5 chlorite-garnet-muscovite schist S ¥ g s 7 0. 0.74 38 162 011 047 0.020 | 1125 80 102 1011 193 <10 19 4.2 99.72 metamorphism, and inventory minerals of potenlial economic
18720 656,085N; 915,326E chlorite-garnet-muscovite schist | Zas | 47.78 2610 1074 314 048 099 442 119 025 048 0023 |1024 37 155 199 100 <10 18 | 4.7 | 100.11 significance. Procedure: In the field, approximately 13.6 kg of stream / joint / vertical joint
1s-755 658,248N; 018,948E garnet-mica schist Zas | 4542 2581 1238 248 0.03 065 512 111 008 020 0020 | 929 33 95 170 75 <10 12 | 64 | 99.91 sediment material is panned to approximately 300 g of heavy mineral o
15319 645,370N; 918,745E metasiltstone Zasi | 5208 2421 949 278 133 207 403 094 011 022 0021 | 636 46 197 149 33 <10 10 | 31 | 10051 concentrate at each sample locality (scintillation data are also collected
16423 646,960N; 919,755E garnet-chlorite-muscovite schist | Zasi | 5123 2338 1059 304 051 084 435 144 042 046 0022 | 865 30 115 192 50 <10 11 | 43 | 99.83 at the sample site). In the laboratory, concentrate is washed and BEARING AND PLUNGE OF
647,613N; 923,307E meta K Zag | 7389 1178 445 128 335 275 164 066 015 017 0022 | 234 26 174 252 72 <10 4 | 0.2 | 10044 Raz-en thTough ewvy gd ssamiion Hsng Stabibmosthand, snd
Pl nENE Eypecs L ok : ’ For e : : - % ; ; scanned with short- and long-wave ultraviolet illumination using an LINEAR FEATURES
1s-500 640,320N; 910,053E metagraywacke Zag [ 6861 1388 603 178 145 275 358 095 044 010 0027 | 854 43 132 326 42 <10 5 | 1.1 | 10056 Ultra-voilet Products Inc. Model UVGL-48 Mineralight Lamp. Magnetite
1s-367 641,555N; 913,834E quartz granule metaconglomerate | Zac | 7884 917 450 127 049 1.36 322 061 009 004 0028 | 661 20 100 234 25 <10 3 1.1 | 100.54 is removed with an alnico hand magnet. A sample split is grain The intersection point of the strike bar and
16-780 660,250N; 919,215E granule metaconglomerate Zac | 8280 776 253 047 022 060 416 074 006 002 0020 [1276 21 109 402 12 <10 1 | 05 | 100.10 mounted on a standard 27x46 mm glass slide and approximately 200 cheArjesluroiaisshe Coseivatonlie:
15-662 644,008N; 909,709E migmatite within metagraywacke | — | 6695 17.24 346 112 262 535 263 062 004 002 0020 | 623 <20 447 131 16 <10 2 | 0.6 | 100.82 grains are identified and counted with the aid of a petrographic
-686 645,551N; 912,007E trondhjemite — | 7320 1548 089 041 073 479 335 004 003 005 0020 | 797 <20 134 29 <10 <10 1 [ 22 | 100.80 NICHRRORD. Aid) 1:5¢ dNdex ol girecion Oll, S31R8UILs .01 Stahm i R
: 'TR S c “”P : ek : 'dbyA' . M : ; ' ' i ' : : 2 bl ] : sediment heavy mineral analysis are tabulated below. A mesoscale A+ mesoscale
Whols Rock Inductively Coupled Plasma - Atomic Emission Spectrometer (ICP) analysis conducte: cme Analytical Laboratories, LTD., 852 E. Hastings St., Vancouver, BC, Canada o H H
2S::lmple numbers correspond to thin section and whole rock geochemical sample localities shown on geologic map : 7 s S r antlform axis synform axis
3PPM = parts per million Mineral abbreviations used in table: Mag-magnetite; Gt-garnet; Hbl- 4 -
4LOI = loss on ignition in percent hornblende; Z-zircon; Ep-epidote group minerals; llm-iimenite and other ; : ; ; ;
5SUM = Sum total in percent Hisck onanues; Ham:hemaite and other red epaguas; Silsilimantte; / crenulation axis /" mineral lineation
Rt-rutile; Ky-kyanite; Mon-monazite; Spn-sphene; St-staurolite
MAP SCALE STRUCTURAL FEATURES
SAMPLE'| NC COORDINATES | MAP UNITS | %HM IN PERCENT HEAVY MINERALS IN SAMPLE*
SKETCH MAP SHOWING CONTOURED (i Pre 027 o) | DRAINED? | SAMPLE® Mag Gt Hbl_Z_Ep lim Hom SRt Ky Mon Spn st s of e axis of overturned
hm-1 643,535N; 909,515E Zag 0.84 0.85 3222 1636 7.93 B892 21.81 942 099 050 099 - . - i ; p i
SC'NTILL ATION RE ADINGS hm-2 644,905N; 911,028E Zog, Zes 0.91 113 4746 494 791 791 2620 396 tr 049 - - : . scale antiform map scale antiform
hm-3 642,086N; 913,845E Zag, Zas, Zac 0.99 094 49.53 12.88 248 644 20.80 594 099 - - tr ot -
hm-4 642,347N; 916,078E Zag, Zasi 0.71 0.09 5045 6550 350 7.49 2697 500 100 - - - - -
ACKN OWLEDGEMENTS >80 hm-5 645,217N; 918,774E Zag, Zas, Zsa 1.10 042 67.21 398 250 448 1543 598 - - - - - .
hm-6 640,977N; 911,153E Zas 1.49 041 29.88 19.82 11.95 448 27.89 448 - 100 - - - - : i
76-80 hm-7 641,949N; 910,255 Zag, Zaa 0.54 033 3239 19.93 598 1395 17.44 897 100 - - - - . aXlsI of m?p axis of O\I’ertur?e‘j
: hm-8 644,074N; 909,965E Zag, Zac, Za: 0.30 082 3620 1339 893 298 2075 744 050 - - t - -
Geology mapped September 1998-August 1999. Support for geologic Counts per second hm-9 644,587N; 911,991E Zoi, 2o 2 0.51 041 1748 1149 1548 200 S045 300 - & & - - SR TR RSSO
mapping through the United States Department of Agriculture, Forest Service, 71-75 hm-10 645,505N; 913,548E Zag, Zan 0.29 0.91 2023 1883 14.85 198 2023 496 - - - tr - -
: SRR 5 .3 hm-11 648.029N; 915.448E Zns, Zag, Zan 0.25 1.07 2919 9.89 1830 346 3314 495 ftr - - - - -
SOUMOI Heshllon Siztion, Lincok Adieemelvs/SHa 8sSA 101 it SIS 6670 'sometricinterval = hm-12 650,273N; 913,104E Zag, Zasi 0.74 058 19.88 547 945 497 5071 7.95 t 050 -  tr - -
00-CA-11330134-014. Stream sediment heavy mineral sampling and 5 counts per second hm-13 647,852N; 911,669E Zag, Zasi, Zas 0.79 165 1524 1033 1426 295 5360 167 tr - tr - -
processing by Anna Donelson and Derrick Messer. Heavy mineral data hm-14 650,036N; 912,742E Zag, Zas, Zns 0.37 155 84.46 1329 4.92 1280 27.08 492 088 - -  tr - - MINERAL RESOURCES
preparation by Sigrid Ballew, Mark W. Carter, and Scott T. Williams. hm-15 650,094N;: 917,606 Zas. Zap, Zan 0.57 0.80] 6393 347 1.80 604 2230 - = ; ; - i s
; : : Sl hm-16 648,720N; 915,322E Zag, Zas, Zas 0.22 0.56 994 2039 20.88 348 3829 646 - - - - - -
Petrographic assistance by Lauren K. Hewitt and Bart Cattanach. Digital hmA7 556.269N: 929 570E Zag 0.47 041 5528 200 747 946 2341 100 - i tr % ¥ i "
cartography by Mark W. Carter. Field and map reviews by William J. Miller, hm-18 655,190N; 928,172E Zas 0.19 433 287 W 2105 096 4257 335 861 144 957 526 - 1 @© occurrence Commodity symbols:
Jonathan Bu"' Richard M. Wooten and Scott T, Williams are much appreciated' hm-19 653,771N,; 922,641E Zas, Zag 1.09 0.18 1447 599 1996 749 4991 050 1.50 tr tr tr tr - bs buildi n
hm-20 653,633N; 919,041E Zas, Zag 1.28 0.06 2648 600 1149 600 4347 200 - tr 250 200 tr - S building stone
640 000 FT 640 000 FT g T < hm-21 654,335N; 918,291E Zag, Zaa, Zas 1.67 0.95 2031 1.98 12.38 594 5547 149 149 - - tr - -
Support for geochemical analyses of amphibolite through the United States hm-22 655,171N; 917,740E Zag, Zas, Zaa 0.61 0.21| 3092 500 1048 200 3942 150 1.50 - T X prospect cs crushed stone
Department of Agriculture, Forest Service, Southern Research Station, under :"“53 Siiﬁgﬂ: 3}5‘2335 an.»,;;zsszw 8‘33 S'Z’Z 3533 ?;g 167'%;31 g'gg 3;'32 ?33 ?gg 050 - :r ‘ : mi mica
5 R 5 % m- 5 2 3 g, Zas, 1 5 4 A % b 4 ¥ g ), .5 - r - -
Ag(eement SRS 0.0-CA-11330134_-014."_re_chmcal and ednom_al assistance and hm-25 645,970N; 919,109E Zasi, Zag 0.40 0.91 4112 3847 347 743 4061 099 149 - - - 050 -
reviews by Qu Qi, (North Carolina Division of Water Quality) and Scott T. hm-26 648,211N; 921,166E Zag, Zasi. Zac 0.88 0.18| 4442 549 599 7.99 3294 299 - - - - - - %¢ abandoned quarry ky kyanite
Williams, Bart Cattanach, Norman C. Smith, and Sigrid Ballew (North Carolina :m-iz’z zgﬁ;m; ggg,gggé Zazagas g.g: :gg ?g;g ggg 1::9851 172;4807 22.23 3:; > x tr i « 5 | ek
. 2 m-. 2 3 A N i 2 . B 2 o o 3 g - : . i s .
Geological Survey) are much appreciated. hm-29 648,902N; 924,948E Zag, ;.g.s. Zaa 1.10 0.03| 6848 7.50 350 500 1550 - - - - - - - §l.sllnanito
hm-30 642,924N; 911,878E Zas, Zag 0.16 258| 53.09 146 049 877 2023 438 - - - - - - mo monazite
910 000 FT hm-31 652,666N; 916,493E Zap, Zas, Zan 0.08 4.87 1093 1332 1950 4.28 42.81 381 048 - - - - -
hm-32 651,727N; 915,782E Zas, Zag, Zaa 0.23 40| 2688 672 912 1200 4080 - 048 - - tr - -
hm-33 652,306N; 921,425E Zas, Zag 1.23 041 2001 299 1593 249 5577 050 - tr - 100 - - 1. Mi ity s ;
hm-34 656,049N; 921,001E Zas, Zag 0.06 441 096 144 19.18 096 6089 863 192 144 048 tr - - et Wit fosaayao. foahily. Sito: "!”’Fbef ibiels S minerl
hm-35 660,248N; 921,198E Fog, Zas, 2ot 0.18 791| 414 460 1280 368 5387 507 322 138 230 - - - resource description in commodity description below.
hm-36 653,362N; 926,631E Zas 0.03 2.14| 16.64 343 2838 1.96 3816 587 - 245 - 049 049 -
;Sampla numbers correspond 1o stream sediment heavy mineral sample localities shown on geologic map. o) hm-28: Stream sediment heavy mineral and scintillation survey
3ﬁ§,§},‘2;‘;§';°§;§3ym,;ﬂ;ﬁ’;};}?{;‘;'§f§ﬁ‘;’;},‘;‘;ﬂg;ﬁ,ﬁ;ﬂ'ﬁ;’;ﬁg@"”'“‘ Welxi decebtig SIORct imp-aren sample _site. Sample numbers correspond to stream sediment
7 g, “Point count percentages of heavy minerals from processed samples heavy mineral analyses listed in table to left.
ag 1 T >
N CROSS SECTION A-A <5 5 ¥ e | |
= 58 =X v q;.§ ts-780: Thin section and whole rock geochemistry sample site.
§ Ss 20 3 g g & A Sample numbers correspond to whole rock geochemical analyses
A e A SKETCH MAP SHOWING ELEMENTS OF Eird i taoa Ao Aol
3400~ — 400 METAMORPHIC CONDITIONS COMMODITY DESCRIPTIONS
5062 Lot Metamorphic minerals observed in stream sediment heavy mineral samples and thin sections shown. Also Mineral resource inventory, including stream sediment heavy mineral
; shgwn are amphibolite bodies and areas of |ntens§ rlljwlgmallzatlgn. FThe occgrr_ence of sﬂhmamte is sampling and scintillation survey, started in the summer of 1998 to aid
W|h§stpread t’r:roughopr: d}E:t_Bel;!"Q ree}: Researcht o hz.emorllhslratlc;\n tor&sl 2rois n?t cot::flneq K; tt':Ie geologic mapping. Although there are no permitted mining operations
it <2 - : 21 igher melamerphio grades (Spear, 1995). but ohionersorcle could mdioale a Iate retogressive | I e Bent Creek Research and Demonstraion Forest, mineral
,o0 Scintillation sample site and counts per second metag\o hic eventp g R34 : g commodities of potential economic significance do occur. Their
E n L y exploitation, however, is highly unlikely at present. Quarries, prospects,
L 2200 — 2200 m ) v ) and mineral occurrences in the Bent Creek Research and
o — o Heavy mineral sample site Mineral abbreviations: Demonstration Forest are located with reference to the North Carolina
(afris e tonalities Ehown oh deolagio i) Chl - Chlorite Sﬂl' Sillimanite Coordinate System (NAD 27, USGS Feet). Distances given in
1800— = “+—1800 . ) ) ) e . . 3 - Bio - Biotite Hbl - Hornblende i ipti i i
Gamma radiation readings recorded at ground level using a Mount Sopris SC-132 Scintillation Counter with A Thin section sample site Gt -Garnet  Ser - Sericite geoc?;gplhlc dascriptions: represent: direct: linear measurements, not
a 1.5" x 1.5" sodium iodide crystal from June - July 1998. Gamma radiation results from the disintegration of \eafplo:skeucaitias;showin on gacloglo map) Ky - Kyanite TRC DRI,
140055 8 1400 Uranium238 in radioactive oxides and soluble radioactive salts, emanation of radon gas, and cosmic L. . .
' radiation. Values are not corrected for background cosmic radiation or radon gas emissions. Contouring by Amphibolite bodies Crushed Stone: A small crushed stone quarry is located
triangulation using RockWorks99® by RockWare®. approximately 2,300 ft NE of the Lake Powhatan dam (cs-1; NC
o ey ) o Coordinates 651,540N; 923,408E). Although the quarry is located in
No Vartical Exagosrai Areas of intense migmatization metagraywacke, rock types within it include sillimanite-garnet-chlorite-
A Giedl EXBINDTan o mica metasiltstone and sillimanite-garnet-chlorite-mica schist. The
2 [} / : : g
S S . relatively high feldspar content and freshness of the rock, and location
. CROSS SECTION B_BI gﬁ ,Eg. HISTOGRAM SHOWING SCINT“—LATION glfl‘l // T | "H | A L - P near infrastructure routes made it suitable for development. Most of the
o -0 . gL ol 7 aar ChliMen /& A 7 material was probably used as aggregate in local road construction
® o = £ . 7 Ser” 5 4 ; / L ;
9 © P 38 S T 3§ READINGS BY SAMPLE SITE L - ZHbl §il o Sil e s and possibly in small concrete projects.
=0 =G @S =a ma " S ch¥sil o ~7 ©  si Hblf
R 1 1 H o / 3 /" \‘v / - . . . . . .
B Sample sites grouped by underlying rock type and sorted in descending order by i I?V \(\ ChlL.A { Building Stone: A small building stone quarry is located within the
3400— scintillation reading. Hbl  Ser right-of-way of the Blue Ridge Parkway, approximately 1,000 ft SE of
Glen Gap (bs-1; NC Coordinates 649,181N; 928,207E).
Metagraywacke Schist Metasiltstone Metagraywacke in the quarry is massive and homogeneous, so the
3000— Mean: 55.2 Mean: 48.6 Mean: 68.8 quarry probably was used during Parkway construction as a source of
100 Mode: 50 ) Mode: 40 Mode: 70 [~ 100 building stone, curbing, and facing stone for tunnel portals.
StDev (standard deviation): 11.0 StDev: 15.7 StDev: 6.6
2AZ] 0 ! [T Mica: At least two partially weathered, coarse muscovite-bearing
= I N pegmatites have been prospected in the Bent Creek Research and
— = | = 80 | I~ 80 (@] v .
Y : m D I = Demostration Forest. The shallow nature of the exploratory workings
i 2200 Q | | = I ical f d
LL EI O 70 | | -70 = suggests that they proved uneconomical for further development. Most
= ! | 5 pegmatites in the Bent Creek Research and Demonstration Forest hold
(@) I { > ; g e
p— = 60 I ’ | - 60 (‘3" very low potential for mica, primarily because they are not large
5 | ! | | = enough to be mined commercially. Prospects and occurrences
":" 50 ] ’ | 80 Q) ) inventoried during geologic mapping are listed in the tables below.
ook = ! ; e Text Color Designations: Mica Prospects
‘ 8 404 . 0 = Red - highest prograde metamorphic -
| | ; | mineral observed in thin section: Map Number NC Coordinates Description of Workings
o 30 I ‘ 30 Blue - Chlorite or sericite observed in thin mi-1 650,417N; 915,148E shallow trench; weathered pegmatite in road
1000 | ‘ } sootion: cut adjacent to trench.
i i | 0 I ) | At ! 0 O O O O 1 , ' ; : iIpi ed above road into hill slope;
No Vertical Exaggerallon 20 i ) :‘ - gk g R ) :- S g :':' =y :r g sSSIT oSy TSIy 20 Black - hlghesl—grade metamorphlc mi-2 645,823N; 912,094E :::;aw g?;m?aloig ma:j%:dlgteolovlv psi:pe
§33333333333333333333333333333333333 i | ob d in st diment
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heavy mineral sample. eaoouren
SAMPLE SITE Map Number NC Coordinates Map Number NC Coordinates
STEREOG RAPHIC AN ALYSIS (sample site localities shown on geologic map) Reference Cited . mi-3 645,438N; 910,990E mi-5 649,772N; 913,230E
Spear, FS., 1993, Metamorphic phase equilibria and pressure-temperature- 3 >
OF STRUCTU RAL ELEMENTS1 time paths: Mineralogical Society of America Monograph, p. 338-391. mi-4 649,043N; 913,696
WHOLE ROCK |CP1 AND NEUTRON ACT|VAT|ON2 ANALYSIS Garnet: Garnet occurs as an accessory mineral all of the rocks in the
GEOCHEM'C AL AN ALYSI S Bent Creek Research and Demonstration Forest. Point counts of thin
OF SELECTED AMPHIBOLITE SAMPLES sections indicate that garnet constitutes up to 25 percent of the finer-
OF AMPH'BOL'TES grained rock types. Garnet also occurred in varying abundance in all
stream sediment heavy mineral samples. It does not occur in
) ) ol NC COORDINATES OXIDES IN PERCENT TRACE AND RARE EARTH ELEMENTS? IN PPM° RARE EARTH ELEMENTS? IN PPM® significant enough cono\g;nrations howevper to be potentially economic
Major, trace, and rare earth element geochgmlstry of seventeen gmphlbollte samples SAMPLE?| (state Plane, NAD 27, in feet) ROCKTYPE SiO2 Al203 Fe203 MgO CaO Naz20 K20 TiO2 P205 MnO Cr203| Ba Cu Zn Ni Co Sr Zr Ce Y Nb Sc Ta |LOI°|SUM? || Ce Eu La Lu Nd Sc Sm Tb Th U Yb : ! -
from the Bent Creek Research and Demonstration Forest was determined by Whole Rock - RN e v — e = silli ite: Poi f | thi : d i
Lower hemisphere equal area (Schmidt) Unidirectional rose diagram? of Inductively Coupled Plasma - Atomic Emission Spectrometer (ICP) and Rare Earth ts150 ,580N; 922, nematoblastic amphibolite 47.30 1334 1725 512 875 1.67 051 474 084 029 0012 | 97 - - 24 - 634 190 - 47 <10 13 - | 0.3 | 10007 || 87 3.7 39 04 48 347 125 2 24 <1 3 |hman.te. oint counts of several thin .secu.ons and stream sediment
StalSORE DIGIEOREI AL BAIEE T ialhts bois isint measuremenits Neutron Activation analyses (table to right). All major element concentrations of 15789 641,827N; 008,921E nematoblastic amphibolte | 4841 1641 10.83 866 084 242 063 143 041 049 0054 | 113 - - 140 - 237 67 ~- 20 <10 16 ~— |16 | 10006 || 14 12 6 03 10 346 32 <1 15 <« 3 heavy mineral analysis revealed that sillimanite occurs throughout the
proj P J J amphibolite are within the normal range of thoeiitic basalts. Systematic trends between 15792 650,150N; 916,225E nematoblastic amphibolite | 45.00 1549 1253 971 9.84 147 120 121 004 022 0040 | 144 <20 120 116 56 215 64 <20 24 <10 34 <20 |30 | 9985 || 14 1.3 6 04 14 423 36 <1 05 <1 3 the Bent Creek Research and Demonstration Forest (localities listed in
N the '“ag{‘isliuml'ifon rtati?d'(MgO/[FlfOb+l Mf)lo i §F€2013 ;‘MQO]) anc{ compatabfle ﬁ;!’:d 157948 649,851N; 913,045E nematoblastic amphibolite | 40.01 1300 1325 7.37 1176 175 030 236 017 022 0015 | 65 <20 85 33 20 263 107 <20 43 <10 44 22 |08 | 10048 || 156 14 5 05 12 466 47 1 05 <1 4 g‘rgliiezeligz:.k gzr;zra"ﬁ" Z'ggan:; 'SOC"C‘S:S ir?bus?dra\li?it ol lthe fmerl;
0° incompatable elements (diagram A, below) are typical of a magmatic source for the ‘ ; g Y _ : ; significant enoug
amphibolite. A positive correlation betwesn compatible elements (a.g., Ni and Cr), and 15795 654,804N; 925,220E nematoblaslfcamph!bol'ne 46.19 1150 1630 518 1224 062 033 510 129 021 0006 | 94 30 175 37 28 818 199 53 46 44 30 43 |08 | 99.96 || 82 38 43 05 50 337129 2 17 <1 4 concentrations, however, to be potentially economic.
conversely, a negative correlation with incompatible elements (e.g., Zr and La), and the ts797 642,040N; 917,183 nematoblastic amphibolite 5006 1388 14.06 618 934 171 055 277 0835 027 0025 | 57 <20 111 82 40 323 180 <20 58 <10 42 27|08 | 10041 || 28 21 9 08 21 494 71 2 05 <1 6 elitridis Gostentas
magnesium-iron ratio are most likely the result of magmatic differentiation (Leake, 1964). ts909 657,369N; 927,616E nematoblastic amphibolite 4639 1247 1698 569 947 1.97 030 509 101 024 0002 | 74 85 204 53 50 785 193 <20 42 11 31 41 |03 | 10040 || 85 36 38 04 48 331120 2 13 <1 3 -
Application of these data to geochemical discrimination diagrams provides some 1s914 655,254N; 917,511E nematoblastic amphibolite | 46.80 14.86 1483 538 828 313 077 436 026 021 0008 | 151 21 125 31 43 415 127 20 31 12 29 <20 |09 | 9901 || 37 20 15 03 23 299 56 1 10 <1 3 Map Miiber Ho Leordlontes sl ibbiallina Seipnyctos
3 ; ; : bhali i 3 535N; 909,515E i-12 653,032N; 914,50
preliminary conclusions about the tectono-magmatic setting of amphibolite. Most of the 15924 652,316N; 925,781E nematoblastic amphibolite | 48.97 14.83 1124 836 952 243 046 167 012 018 0042 | 178 <20 66 131 41 425 70 <20 31 <10 B89 <20 (21 | 10004 || 10 12 4 04 11 403 34 <1 05 <1 3 e e 0 = =
samples plot consistently into Mid Ocean Ridge Basalt (MORB) -type tectonic settings on TN aoa oo 017870 | 1 " mran oo aroribote T AEAT 1600 1000 1054 DED SHT UET 181 D6 OB 008 |70 = o gtk - dps b S M ar w M lamellt G s T st R Ay oz G42,086N; 919,645€ 815 CA0I70N; 9191908
several discrimination diagrams (diagrams B and C, below). Three samples (150, 795, 5 PN b - - ; v dne eNE 98 Ae) Thae : 5 = RO L REI0fERBeed <t 2 53 642,347N; 916,078E 14 652,666N; 916,493E
and 909), however, consistently plot outside of the MORB field. This may indicate ts791A 649,815N; 915,692E granoblastic amphibolite 4899 1434 984 893 1039 264 058 154 023 046 0096 | 90 <20 73 169 38 232 105 22 27 20 34 22 (21 | 9994 || 16 14 6 04 12 392 37 <1 08 <t 3 T G41,040N; 010.265E P 651.727N; O15.782E
metamorphic alteration after igneous emplacement, or different tectonic settings for these 1s794A 649,851N; 913,045E granoblastic amphibolite 47.77 1577 1095 836 1066 254 060 1.51 0.4 0.17 0047 | 199 <20 68 124 39 286 78 <20 28 <10 34 <20 [ 1.6 | 10022 || 10 11 3 03 <10 355 29 <1 05 <1 3 pryrs 544,074N; 900.865E =16 656,049N; 921.001E
lhreg :;mzleosf. e ool R U e it 1s915 654,051N; 917,165E granoblastic amphibolite 46.04 1564 10.12 1052 1093 170 040 119 010 018 0071 | 90 <20 78 241 50 158 67 <20 23 <10 20 <20 |29 | 9989 || 6 08 2 03 <10 297 23 <1 05 <i 2 o6 650,036N; 912.742E 17 660.248N; 921,198E
o : A ; ol 18917 656,744N; 917,737E blasti hibolit 4892 1519 10.38 844 1017 275 033 151 017 018 0045 | 291 <20 75 113 44 183 68 <20 29 <10 38 <20 | 1.8 | 99.99 || 10 12 3 04 <10 409 3.1 <1 05 <t 3 - ; - ;
especially from limited data sets, and particularly in progressively older metamorphic R S i i 8 = i ekt 053, 190N; 923,172F 519 95 2A0N; 918,8008
2700 terranes (Rollinson, 1993). 15925 642,259N; 809,563E granoblastic amphibolite 4808 1516 1055 074 10.67 2.30 044 1.28 013 047 0051 | 115 <20 69 187 51 175 58 <20 24 <10 31 <20 | 1.4 | 10006 || 8 10 2 03 <10 338 26 <1 05 <1 2 5i-8 653,771N; 922 641E si-19 656,085N; 915,326E
15998 643,028N; 909,682E granoblastic amphibolite 49.88 1472 1007 940 980 2.84 081 111 010 018 0081 | 220 <20 89 154 41 302 52 23 21 <10 34 <20 |08 | 9989 || 7 08 3 03 <10 351 24 <1 05 <1 2 si-9 654,335N; 918,201E 5i-20 655,204N; 918,146E
>5.0% Explanation of geochemical and discrimination diagrams (explanation of symbology at far [ e791U | T 640,815N; 815,652 | chiorile-actinoliie/remolite schist | 4461 11.31 12.89 1639 748 078 045 128 020 024 0478 | 36 <0 151 572 86 13 83 <20 111 <10 22 87 [ 47 [10021 |[ 21 42 70 08 6 2417170 3 05 <1 7 si-10 655,171N; 917,740E si-21 650,882N; 924,176E
y I‘Ight).' 14Whole Rock Inductively Coupled Plasma - Atomic Emission Spectrometer (ICP) analysis of oxides and trace and rare earth elements conducted by Acme Analytical Laboratories, LTD., 852 E. Hastings St., Vancouver, BC, Canada Skl 953 0Oy JIOMTOE i sasio A LT
4.0-5.0% 934 contoured poles to B 3 Crenulation Axes 28Neutron Activation analysis of rare earth elemets conducted by Bondar Clegg, LTD., 130 Pemberton Avenue, North Vancouver, BC, Canada s s 2 ;
foliation. Density in A: Variation diagram comparing compatable (Ni, Cr) and incompatable (Zr, La) trace and A SAMPLE NUMBER 2sample numbers correspond to thin section and whole rock geochemistry sample localties shown on geologic map Kyanite: Kyanite in the Bent Creek Research and Demonstration
3.0-4.0% percentage of total /\ 4 Mineral Lineations rare earth elements with the magnesium-iron ratio for a suite of amphibolite samples from s & Ar = Gfgl"":h’;ir':np';m:‘;: — Forest is sparsg, prqbably because ?t high mgtamorp_h}c: gradg, it is
data points per 1% the Bent Creek Research and Demonstration Forest. Sample 791U plots out of the range 3882 = & SIFBI=HRHS & 7SUM = Sum total of oxides and trace elements in percent Explanation for Variation and replaced by sillimanite as the dominant aluminum silicate mineral.
2.0-3.0% area of net2 @ 25 Fold Axes for Cr and La. ARt o d e T ) 1000 3 i C Tectono-Magmatic Diagrams Kyanite was identified in several stream sediment heavy mineral
'g_‘ 24 1a % l 3 ! Mid Ocean samples, however (localities listed in table below). It does not occur in
1.0-2.0% B: Tectono-magmatic discrimination diagram (after Mullen, 1983) classifying amphibolite e i B Tio2 . -"915 Ridge Basalt @ Nematoblastic Amphibolite significant enough concentrations, however, to be potentially economic.
S5.5% samples frorll the Bent Creek Research and Demonstration Forest. All samples are in the g ° 0 ! 998 ® Granoblastic Amphibolite I —
) range 45-54% SiO2. SRR CSMISTRERES. R s SO T . . N I i =
Lower hemisphere equal area (Schmidt) stereonet 4.55.5% 180° E o i ' o Chlorite-Actinolite/Tremolite Map Number NC Coordinates Map Number NC Coordinates
projection of poles to foliation, fold axes, i C: Telcto?o-migm;tictcéi;scri'r?gation dliagrznlw) (after lieat'rce, F1982) classifying amphibolite @ ? @ o 'y w ¢ e » - £ § " —-i—- e ky-1 643,535N; 909,515E ky-4 656,049N; 921,001E
. . . . i e - s o
crenulation axes and mineral lineations 223 contoyrgd poles to 3.5-4.5% samples from the Bent Creek Research and Demonstration Forest. E < 5 Ridge Basalt c%e:gl;n:n g3 Gy ' 2 655.190N; 923,172 3 560,2481; 921,198E
joints. Density in percentage References Cited 5 e 4 cr l S 1 ky-3 653,633N; 919,041E
of total data points per 1% 2.5-8.5% Leake, B.E., 1964, The chemical distinction between ortho- and para-amphibolites: Journal of Petrology, v. 5., part 2, p. u 8 *‘ ¥ =~ Y |
area of nef2. 238-254. < 3 H s g : S
" & = " » & IMIAriRTe i o Monazite: Monazite, an ore of thorium, was identified in four stream
1.5-2.5% Mullen E.D., 1983, MnO/TiO2/P205; A minor element discriminant for basaltic focks of oceanic environments g o4 el ¥ Tholeiite E wug:g:ll'ate sediment heavy mineral samples (localities listed in table below). All
AEN £ and its implications for petrogenesis: Earth and Planetary Science Letters, v. 62, pg. 53-62. : g . Ni :f:li‘n:;l::;t ] 009 sample sites drain siIIimanite-garnet-chlorite-mica schist in the
= Pearce, J.A., and Norry, M.J., 1979, Petrogenetic implications of Ti, Zr, Y, and Nb variations in volcanic rocks: 2 ® ] s == 8 northeast end of the Bent Creek Research and Demonstration Forest.
Contributions to Minerology and Petrology, v. 69, pg. 33-47. E o 3 adPa - () nind i i
T T T T T Monazite Occurences
1 . . 3 Pearce, J.A., 1982, Trace element characleristics of lavas from destructive plate boundaries, in Thorpe, R.S. ed., 0.05 04 0.15 0.2 0.25 0.3 0.35 1 =
Stereographic nets and rose diagram produced with RockWorks99® by RockWare®, Andesites: Orogenic Andesites and Related Rocks: John Wiley & Sons, London, p. 525-548, MAGNESIUM-IRON RATIO AT A T A=A AT Map Number NC Coordinates Map Number NC Coordinates
219% contouring by spherical gaussian method. 3 50/50 1 1000 mo-1 655,190N; 923,172E mo3 652,306N; 921,425E
Rose diagram by frequency method with class interval of 1°. Rollinson, H.R., 1993, Using geochemical data: Evaluation, presentation, interpretation: Longman Scientific and MgO / (FeO + MnO + 2Fe203 + MgO) MnO x 10 P205x 10 Y (ppm) - . e
Technical, Essex and Wiley and Sons, New York, p. 171-214. mo-2 653,633N; 919,041E mo-4 653,362N; 926,631E




