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was established at the study site. Phase 2 involved the collection of GPR data, locating anomalies in the data,
and flagging these anomaly locations in the field. Phase 3 involved the collection of electromagnetic data to
verify and augment the GPR data. During phase 4. GPR anomaly locations were surveyed to produce an

anomaly map of the study site (fig. 2).

Survey Grid and Monuments
A survey grid was established at the Monroe Crossroads study site by using a Pentax Electronic Total Station
survey instrument and a prism. A survey grid origin point was established at the southwest corner of the study
site. A baseline for the grid was established by setting the total-station instrument on the survey grid origin
point and sighting a line approximately southwest to northeast in alignment with Blues Road (fig. 2). The long
axis of the survey grid was completed by setting grid point number 2 on the northeast corner of the study site,
420 ft from the survey grid origin point. Twenty fluorescent pin flags were set at 20-ft intervals between the
survey grid origin point and flag number 2 to complete the 420-ft baseline. The total-station instrument was
then moved and set up on flag number 2, and a reference angle of 0 degree was set from the back sight of the
survey grid origin point. The instrument sight was then turned 90 degrees. and an endpoint for the short axis
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Figure 3.-Diagram and photographs of ground-penetrating radar data-collection equipment and procedure.

(adapted from Benson, Glaccum, and Noel, 1982).

Figure 4.-Generalized diagram showing process by which electromagnetic data are collected
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ABSTRACT Electromagnetic Survey Data Acquisition
A ground-penetrating radar survey was conducted at the Monroe Crossroads Battlefield sitc at Fort Bragg. The EM survey of the Monroe Crossroads study site was conducted along the survey grid and Blues Road
North Carolina, to determine possible locations of subsurface archaeological features. An electromagnetic using the EM31 and a digital data recorder. The EM31 consists of a main control unit with two fiberglass
survey also was conducted at the site to verify and augment the ground-penetrating radar data. The surveys tubes, one each extending from the front and back of the control unit. One tube contains the EM31 transmitter
were conducted over a 67.200-square-foot grid with a grid point spacing of 20 feet. coil and the other tube contains the EM31 receiver coil. Measurements are displayed on a digital screen on the
EM31 control unit. During the EM survey, data from the EM31 are transferred by a cable to the data recorder, A
During the ground-penetrating radar survey, 87 subsurface anomalies were detected based on visual inspection which stores the data in a computer file format. Files are later uploaded from the data recorder to a computer '
of the field records. These anomalies were flagged in the field as they appeared on the ground-penetrating for processing and production of line plots of the daia. fynpe 7915 760
radar records and were located by a land survey. The electromagnetic survey produced two significant Fort Bragg Miltary \
. P . . - . . ; ; R tion Bound
readings at ground-penetrating radar anomaly locations. Before the EM survey of the Monroe Crossroads study site began, the EM31 was calibrated at an established ;. esenva KT oundary Pope Air Force
background line. The background line was established at a location that did not have any known cultural Holland - \'.._ Lo L%‘Sjr'éﬁe' Base PN B.
The National Park Service excavated 44 of the 87 anomaly locations at the Civil War battlefield site. Four of features that would affect the EM data. The EM31 inphase was set to read zero £ 0.1 ppt along the PIEDMONT COASTAL PLAIN Drop Zone .7 gl Cemetery e \\ Q ’ \ AN8 AN7 o
these excavations produced significant archaeological features, including onc at an abandoned well. background line, and the conductivity readings were recorded. | rml = ”‘-/- i \
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INTRODUCTION At the Monroe Crossroads study site, the EM survey was conducted by carrying the EM31 at a walking pace T .
The Monroe Crossroads Battlefield site is in the Coastal Plain Province of North Carolina (fig. ). This Civil along each line of the survey grid and Blues Road, and recording the data on the data recorder set at a 0.6- & ’ ‘ NN
War battleficld is located on the U.S. Army’s Fort Bragg Military Reservation. in the northern part of Hoke second time interval of data collection. Marks were entered into the data recorder files at each grid flag o Am;gf]Z”[E“’p / JRgr L ;
County and the northwestern part of Cumberland County. Ongoing studies are being conducted by the U.S. location and at the location of each anomaly detected with the GPR. Data files were uploaded from the data 3 - 5 | 7 /Danker ares ‘ /////‘ 25
Geological Study (USGS) in cooperation with the U.S. Army at Fort Bragg to identify and delineate the extent recorder to a computer; the files on the computer were then processed by converting the data-collection time LOCATION OF STUDY AREA i \ M@{Bid/ge
of contamination at a number of solid-waste management sites throughout the military reservation. Part of this interval to feet of traverse by usc of the grid flag marks in the files. The conductivity and inphase values of IN'NORTH CAROLINA \,\ Em Jonze:nlgfo% ’/ffangjarea
effort involves the use of ground-penetrating radar and electromagnetic surveys to detect various objects the data were compared to background values to determine the presence of any anomalies that could indicate . - Marszh:rl‘leDgp |
bencath the ground surface. the presence of archaeological or other features. Data were then compared to anomalies obtained in the GPR , -y )\ & 7
. I\
survey to verify and augment the GPR data. / \ ) Monroe Crossroads g, Mere Englise <
. X . . . % \ study site Drop Zone ~~ r/ 2 .
In 1994, the USGS., in cooperation with the National Park Service (NPS) and the U.S. Army at Fort Bragg, / . S A i ANED
~ " i . e em e NSo—. e _.r
conducted a survey of the Monroe Crossroads Battleficld site using ground-penetrating radar and Surveying of Ground-Penetrating Radar Anomaly Locations , 4 = 0— ......... .
electromagnetic surveys to assist the NPS in locating subsurface archacological features at the site before any Each GPR anomaly flagged at the Monroe Crossroads study site was surveyed using the Pentax Total Station P X . | 5 ) B 1? 15 MILES
disturbances related to Fort Bragg activities occurred at the site. This work provided an opportunity to test the instrument and prism. The total-station instrument was set up over reference mark A (fig. 2B), and a reference / N o . 1}0 115 KLOMETERS \\
new geophysical equipment and to allow the investigators to become familiar with the operation of the angle of 0 degree was set from the back sight of reference mark B (fig. 2B). The reference mark location data p / N " 35° ‘ .
equipment and the interpretation of the data before using the equipment at solid-waste management sites. It were obtained from the Headquarters Battery 10th Marine Survey/Meteorology Battalion (Staff Sergeant / i\
also was an opportunity to become familiar with signal responses due to the particular geometry of the William Dagenhart, oral commun., 1994). From the survey instrument position on reference mark A, the 79°30 / 79° N 78930
Middendorf Formation that underlies Fort Bragg. The Middendorf Formation is composed of medium- to horizontal angle and horizontal distance of cach anomaly relative to the instrument were stored in a data y ‘ | N
fine-grained quartz sands and clayey sands interbedded with discontinuous sandy clay or clay lenses. collector attached to the total station. The data files were later uploaded from the data collector to a computer r 7 X Y |
- for further processing. Anomaly location data were converted to latitude and longitude and plotted as shown /7 HARNETT N \ 7
_ i P P . in figure 2C. ’ COUNTY N [ EXPLANATION
This report presents the results of ground-penetrating radar (GPR) and electromagnetic (EM) surveys o A e . . % / AN
. s . . f - ~ . " —_-— 66
conducted at the Monroe Crossroads Battlefield site to identify subsurface features that could be related to the 35°15" — MOORE / ~ . o —_ X « LOCATION OF GROUND-PENETRATING RADAR
- ; . i GROUND-PENETRATING RADAR SURVEY RESULTS ’ i 5 of ]
Monroe Crossroads farm and battle. The equipment and methods used in the GPR and EM surveys are ] . A 5 R . L COUNTY , 4 N, POpe Air Force Sprlng i : ANOMALY AND NUMBER
. : o . - Py s T e The 300-MHz antenna and a range setting of 300 ns proved to be the most useful configuration for the GPR \ Base Lake .~-— /
discussed, along with the procedures used to determine potential archaeological features based on anomalies in o : . o R ) ; i as L . A
the geophysical records. Locations of GPR anomalies at the study site are presented, as well as results of survey within the survey grid. However. the range gains were changed in different parts of the survey grid to I N ] < + SURVEY REFERENCE MARK AND LETTER
S1Cd S. d S d S d h S d S 5L pe $ $ . 5 < — i,
excavations by the NPS that revealed important archaeological features at GPR anonmly locations adjust for subsurface conditions and to produce the clearest record. The 300-MHz antenna produced records Southern g , 1 1
< < o w~ « « d d e « « . . & % x: & i . . J s
= with high resolution of subsurface features to a depth represented by a two-way travel time of about 150 ns Pin / e o SURVEY MONUMENT AND NUMBER
Site History (fig. 5). By using the two-way travel time equation presented in this report and the diclectric constants nes O ) Y / ////‘ )
O . . . . . . k4 Vpe .
The Monroe Crossroads site is in a region that has been used for farming since the mid-18th century (Ross. e:ﬂtlmlated f(;r th(ej iedlment.s u"d(‘;r(]lymﬁ [h: Monroe C;?S;lga;is Study]snei‘n was dclcrm;ned;/l;at the radar / Fort Bragg Military A
gna ated to an estime - ' land surfac i antenna was / — :
1965). In 1832, Charles Monroe became the owner of a 500-acre tract that encompassed the present study site Sl?m penerr e o an cst.dete Fpt b m@e tign 20 [‘ ,6,0“ lmf, surtace when. the. S00-MELz antenna was . -/ Reservahon/ 7z,
(D.D. Scott and W.J. Hunt, Jr., National Park Service seriten Eommn., 199%), The:arealas become known used. The depth of penetration of the radar signal was sufficient to display anomalies in the GPR records, y / v // o SAMPSON
- . g S ; . o ‘ which could indicate the locations of possible arch: ical or - features. i
as Monroe Crossroads because of its proximity to an intersection of Longstreet and Blues Roads northeast of . ! the.Ieatiems:of possible archasologlenl or other features y / 4 COUNTY
the farm. It is also referred to as Solemn Grove in historical descriptions of the farm (Barrett, 1963). . o . )_ y ; ; CUMBERLAND ™
During the GPR survey, the antennas were pulled along the survey grid lines as much as possible. In some 2 AL LXK ¢ COUNTY \
In 1865, during the Civil War, a brief but heated battle took place at the Monroe farm. In March 1865, as ‘U.Lfl’\ ?Ll)hlt ‘:L‘”\ %'\ gf“}' nul;lm(ll(ju‘s flrees mal(]le 1t4.1m‘r.»0smblc N put}ll theBantemmsfal](:ng gnfi lme‘?' n these — \
General William Sherman’s Union army entered North Carolina, Confederate cavalry units, under General ale:;.r :‘::e;:m‘tli}:;e:telgu i d:hc OTe ot Ltgl?iﬂ' ;:cs ?Sl?(:)liml el. T'cause ofthe unc[vetn ter.:;n.n and \~\ QOCF /
5 ; , o : numerous sa study site, ac ags at anomaly locations was accurate to w a 3 :
Wade Hampton, moved to join Confederate Lieutenant General W.J. Hardee's army in Fayetteville, North . o y - placemen ariag ) y locations was accurare o . 35° |— E=% Raeford ‘/2% ]
. : ) . . : : ) L estimated 2 ft of the actual location of the anomalies. Several anomalies were located at the intersection of £ (&) \ . =
Carolina. Union cavalry units, commanded by Major General Judson Kilpatrick, were moved to intercept 0 GPR survey lines and wer 1 at the same location by both GPR s verses. B 3 N, i
Hampton’s troops at Monroe Crossroads (Barrett, 1963). On the night of March 9, Kilpatrick™s:men camped L\?Ioh ;u] vefy nes ‘Im \?fe]e dete?te( d[:l © s]ame ochanon y (;.[ he ori Isu}rl\./ey Hdvg SES. Lc‘l:;sc_()t the X \ Creek N,
i ol : , ; - G ; e datects & . . P 5
at the Monroe farm. Learning of this, Hampton tried to capture Kilpatrick’s troops on the morning of March el unibET6E B OMALONS (EAIEES; HRIGHTEIN M6 AOMIR A Bl U S, TN Aes. yas SUFTEEs i N HOKE ~ D
i ) R ) . et o s i additional GPR lines between the established grid lines to more clearly define anomaly locations. I RN N
10, and drove the forces into a nearby swamp. However, the Confederate soldiers became disorganized as SCOTLAND ‘ COUNTY , e N,
i . . . By i S . : < «
[%le t'rledd _tf: tlz(lkf;hpossesm(()g Oﬁt?te lU(;}:;mI:r:LmT]]gg;emZ?t(]l SUEEI:ES' an:J ihiz g?v]e. ‘I'((lylrp‘a‘trlckts tfoopshtlme © The dual 100-MHz antenna with a range setting of 600 ns proved to be the most useful configuration in COUNTY ) /*/ N = A
melly o vetabie tennp (Bameil, 1963; Rass, 709, ough there is general isagreement over Who won surveying along Blues Road for deeper features that could not be detected with the 300-MHz antenna. Within ! : = B 11938 : ore <
the engagement, the Confederate troops were able to proceed on to Fayetteville (Barrett, 1963 and 1975). e } . . 3 : P ’ $ ” ROBESON S : E1.938.300 E1.938.400 E1.938.500 E1.938.600 E1.938.700
’ the survey grid, the dual 100-MHz antenna did not improve the quality of data in comparison to the data /s COUNTY B X
T Monros Crossroads bttle:are uried i th et Church collected by using the 300-MHz antenna. A very large and apparently deep anomaly centered at AN101 (figs. ) ,/ \ N ;
Many of the Confederate dead from the Monroe Crossroads battle are buried in the Longstreet Churc o DO ; i o o Y \ e o K506.600 b 58 8
: . . : o A 2 and 6) was detected in the GPR records when the 100-MHz antenna array was used. The top of this large R s e = 3 | .- .86 .
Cemetery (fig. 2A). About 30 Union soldiers and at least one Confederate soldier are buried in small o ) . ) . . e b : R | 73 85 .
cemeteries at the Monroe Crossroads Battlefield site. The farm was sold to Neill S. Blue in 1881 and became anomaly is located approximately 15 to 20 ft below land surface. This anomaly was surveyed along a series of gy 79 71 63 55
S e i Saae : - transects parallel and perpendicular to the centerline of Blues Road to clearly define the center and extent of 86 78 70 62 54
part of the Fort Bragg Military Reservation in 1917. These cemeteries have been marked and maintained by thé fe'xturl; Rl perp arly ¢ 0 10 20 30 MILES s e
Fort Bragg personnel since 1921 (D.D. Scott and W.J. Hunt, Jr., National Park Service, written commun., o I | | | = | | S ﬁ;o%;ogészgi% .7f.5 e
1993). Presently. the site is not used by the military, but there is evidence that it was used for military training L. . . . . . . 152 1i4 106 98 90 82 .74 54
in lhc) T as); (D.D. Scott and W.J >T~Ium Ir N?lltional Park Service. oral u)mm‘un 1993) ¢ = Anomalies in the GPR records were distinguished from surrounding subsurface material by the hyperbolic 0 10 20 30 KILOMETERS 139 131 '11?12051@37968985381363515113 %
C A LD Je 9 . d ‘ d h V » al ¢ . J). . . . . . - . 3 120 . . . s
P image and characteristic ringing pattern present in the GPR records. A total of 87 anomalies were located at 1;‘;3%;2?57 19 111 .103.953{3371(.5‘5 Qfo
. 5 : . - S e 43 102 38
Acknowledgments the study site during the GPR survey; locations of all anomalies detected are shown in figure 2. . 15;5‘3&;“21&:3.‘15;2'%;1‘?1'%;2636391é17 \é,jz}Q
- : o : . i AR . i - i ; : : : N499, s 156 148 140 132,124,116 .40 3
William Kern, former Acting Chief of the Fort Bragg Environmental Branch, recognized the significance of Figure 1.-Location of Fort Bragg and physiographic provinces of North Carolina. 151 163 135 147 139 131 12341 19 d}\@
X N L o ) . ) o ELECTROMAGNETIC SURVEY RESULTS 138 170 162 154 146 138,130 42 .
the Monroe Crossroads battle and initiated the study. Sergeant First-Class Kenneth Belew, former XVIII . . . I 185 177 169161 153 145 137 43 21
i i S R - vk ‘. Lo ot EM31 apparent conductivity readings along the EM background line (E-E'; fig. 2) ranged from 0.35 to 0.90 o ha 136 168 160 152 144 44 22
Airborne Corps Historian, and Specialist Fourth-Class Robert Briggs, former Assistant Historian, provided S/m (fie. 6). EM31 inph di | he back ahi If 011001 EM31 readi ,19%13‘:5;7%;6?67 150 151 45 23
ot - . . . g. 6). 3 ase readings along cker anged from -0. ; : 31 readings
historical accounts of the battle and a tour of the study area for USGS personnel. This reconnaissance tour of i inphaserrea m,:? a fm"t ¢ background fine rangec from . to ppt . X 1ea- mngs 499700 -19258 190 _182 174,166,158 46 .24
the study-area ncluded & di : ¢ ) . durine the battle and th I ¢ from traverses run along the survey grid lines are at or near background levels with the exception of readings Shes " 147 189 181 ‘173_165.472é25
study area included a discussion of troop movements during the battle and the approximate locations o . i . L I ; - 196188 180,172,498
buildings and other related structures. Staff Sergeant William Dagenhart of the Headquarters Battery 10th at AN57, AN, survey grid points 15, 18, and 19, and the area of survey grid points 197 through 199 (fig. 7). . 195'187'179'1“32{327
Marine éurvey/MeteoroloQ B'ntt':li;>.r1 Qupp];ed ieoomphic horiz:nt'll {ocation data for two 1:et‘erence marks ANS57 and AN81 were anomalies indicated by GPR. The anomalies indicated by the EM31 at survey grid 60 80 T00FEET '19‘:5‘,;8;50253
d < d ° = = « « < « e . oy =~ . ” . . 5 0
. . = . oints 15, 18, and 19 and between surve s 19 99 (fig. appear surv 2 .52 .30
established by the USGS in the study area. Stephen A. Berg (deceased) of the USGS provided most of the fecord% A comparison of th[vaPR\lre:;(:l)‘/dg:llli\z(i)r;nt: :qizslli(lln‘ll(fl(gA;)l((l)lld) '1‘1’(‘):51;“]1; ]zrxlrlgqfh(e}[l)ii/l?lr\rZZord AN82 ) ° ° " " 20 2o METERS N429.600 >
technical assistance needed for the design of this study. > parison ot the 4 S B large 4 ay & = .
along the same survey line indicates no discernible change in apparent conductivity or inphase readings (fig.
GROUND-PENETRATING RADAR INSTRUMENTATION 6). Most of the anomalies from the GPR survey were not detected by the EM31.
The GPR survey of the Monroe Crossroads study site was conducted by using the Geophysical Survey Fi 2-(A)L : M . . .
. - In some parts of the survey grid, the EM31 o ' ha sont ith erous trees and ranches. BUIC £ ocation of Monroe Crossroads study site, (B) grid showin i - i e :
Systems, Incorporated, Subsurface Interface Radar System-10 (SIR-10) (fig. 3). The SIR-10 operates by par he sur y erid TEM 1 operator had toc enq with numerous trees an low bn m'ch%s o Ay e B)g ' ving locations of ground penetrating radar anomalies at the study site, and
transmitting and receiving electromagnetic wave frequencies that penetrate subsurface material. An These made the proper orientation of the instrument nearly impossible to maintain. Some anomalies indicated (C) locations of survey grid points and geOphySlCS background line.
[ O « ay D re O i « . . . e . . . .
eleclmmag:etic pulse is :ent from thz SIR-10 unit to the transmitter in the selected antenna. The pulse is then by the GPR survey between survey grid points 36 and 3 (fig. 7) were indicated by slight EM31 fluctuations
b D8 ~ o b B < . ° o . . . . . . .
convertedbto a specific frequency determined by antenna size and structure. The signal transmitted from the that could have been a result of changes in the instrument orientation as it was carried through this area.
< a size and s , signa S
antenna travels through the subsurface material: the signal then reflects off and is attenuated by the subsurface
. L N : C EXCAVAT A -PENETRAT
layers encountered. Next, the signal is picked up by the recciver in the antenna, which transmits it back to the C IONSANE;IZ?;JTgCATI%NS INHC- ALV R
SIR-10 unit. Reflected signals indicate interfaces between layers having different electrical properties. Filters . SURVEY GRID POINT AND ANOMALY LOCATION
. . . : ; ; . . . xcava s at 44 te : @ ations X s part of its archae ice S
and gains are applied to the radar signal to produce the optimum image for the conditions of the survey site. Excavations at 44.sélee d GPR anomaly locations were conducted by the NPS as part of its archacological A SURVEY GRID POINT AND ANOMALY LOCATIONS A .
Processed data are displayed on the color video screen of the SIR-10 and are recorded on magnetic tape for project at the Monroe Crossroads Battlefield site. Of 44 anomalies tested, 9 were attributed to the Monroe C C'
D8 {e O < b i « «d dap
i , : 4 : 1se and Blue farmsiead, and 3 were attri ilitary activi D. : J jon: 36 35 61 60
future playback and processing. During data collection, stacked data points are recorded on a thermal plotter Eml\ S d_ ¢ '::mstudd Al 1?);:13 atTnhlbuted o 'T"l““ry 11u1v1dty (:))dD S_cott ATNV:QJ I-:ynl.ljr.. I}\]Ia[m}r:a] | 34 . a2 89 12
ark Service, wr ; ~avations produced a spring a firepla arth ¢ | ,
to produce a paper record.  The records display the subsurface interfaces between material of different e b The emeavitions FOSHCEC B SEIGRLNE 0 2, a freplace hearth and A. B. SIMPLIFIED HYPOTHETICAL 3 | l I
electrical properties encountered by the radar signal chimney fall at AN23 (fig. 5), and a large cut spike at AN102 (D.D. Scott and W.J. Hunt, Jr., National Park RADIATION PATTERNS AN40'  AN41 AN25 " AN26 AN27 AN13 AN11 AN2 | | | ML
properties SRS RS Service, written commun., 1994). Excavations at AN21 and AN27 (fig. 5) contained meals, ready to eat FOR ANTENNAS 0 e T —————— s s " “ AN20 AN21 | |
4 o . . 3 PPy RPRDIIL it RSN S » L o ) { i
The GPR record displays the two-way travel time of the radar signal in nanoseconds (ns). The range is the (MRE), and excavation at ANS3 indicated a military foxhole (D.D. Scott and W.J. Hunt, Jr., National Park ; s o e i e g W r-'”" g e 0 g , s
S § -Wd S d d $ $ S). ge 18 5 - . - v i Gl i : Yoy i (T ) { o LTINS ) [} B (L5 IR T T
total depth of the GI—E‘)R iecord F— }\/my travel time; the range gain s the amplification of the GPTQ signal Service, written commun., 1994). Two anomalies located at AN20 and AN26 (fig. 5) were interpreted as ANTENNA ! »»:::,,\.m. iy " i i ,,U!‘ B ;:’ i mmn_m' > m"': o m»ﬂ»ﬁ:ﬂ»»ﬁ e 0 Ju \m ”' . ":_:"M'
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: ] . B i s possible porch footers of the Monroe house, a possible pit was indicated at AN41 (fig. 5), and an abandoned 90° ';:mm';i : _‘”m.:w;;;' ML LI LT ’Wm»w. 'llf:,.:-wv-"m "“",,,,.,”.It‘»..»»‘,: 0 i ‘ \“"}""”‘“*"""u"fn ;' L L) ': D ! "’
with depth. The two-way travel time of the radar signal per foot of depth is calculated from the dielectric R it L = . . LA f;“bam;:;;;:mzr\ffim.ﬁn» b "*rm.m....a,.,n.».,..,.,,.,;gwemm R L AT S W TR »»'»"W‘ i SN
o ) - : . ] . well was located at ANS57 (figs. 5 and 7) (D.D. Scott and W.J. Hunt, Jr.. National Park Service, written B Ay O i iR i M AL IURTITIRT iy MR, A T o) oy
constant of the material it passes through by using the following equation (adapted from The Finnish 1004) ol T ) 00 U b, J,‘,m,nf'.m,‘:* e, TN .'n“whw,n,,o.y‘u,,;, ',”;‘,w i il i ’”'““"‘riﬂm'!"v}’bvlf"'»)""“'1
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e ] o L . Sensing 75 | O L s B g vy Mot i g i 11
/E Excavations by the NPS at other anomaly locations indicated a variety of materials including cut nails, £ Circuits il e ML, Sy iy ; R " it - iy i ""W‘”Mmum’m‘m,
- . - . - . | WHE thHI 3 i } i jo e U ¥ i ' ] RIS ]‘ i \[;‘.”;'
TT =2 ! ceramic fragments, glass fragments, and other debris. For example, AN42 (fig. 5) contained an M16 blank . i | ":’N':‘:::’j’l» ot LN g ;.‘n’:‘ " il M iy 5’;»‘ e ;:," 75 il Hj";:‘zm””'mzm»n::»m,f,\ L
(e cartridee, cut nails. ceramic fragments, glass fragments, and quartz flakes (D.D. Scott and W.J. Hunt, Jr., ) - Data AR K T PR g ; i Ao NI ks b gl i LN :
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where TT is two-way travel time per unit of depth in nanoseconds per foot (ns/ft) National Park Service, written commun., 1994). The National Park Service also excavated the area of the - . — - Recorder m;j‘n:::s;‘ i i l.;.»} I »:'m;w. mn b‘ e \‘";' bl % R g ! ; " i iy mf” o it
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E .is dielectri)c constant di}?ncmionlesi r?mf.l L large. deep anomaly at AN101 (fiig. 6) to a depth of 8.2 ft and discovered a clay lens (D.D. Scott and W.J. = 3 . t%1»’"“3”’"5)1"u|""' A gl W:i!l' H'IMV i, ) 'ti My , n'O:}u "f""“”‘ﬁ)‘,“‘ "’:v"’;';“"’i 3 i ,.yﬁm» m"hmnn\»w i w"“”»"‘
(’“ velocity of radar ,ulse " frec & \u (0.98 foot per nanosecond) (ftfns) Hunt, Jr.. National Park Service, written commun., 1994). The top of this anomaly occurs at a location more g iy mm ’N"”" I in“ii’;:»!:?:!' ) r"v‘“’?‘;ﬂ‘h»’ww"?fl i ‘wi'lww"u;;v‘n:;')i;:}»h' } Mt il R nﬂv """'fnuum\‘;yﬁuh‘ \»’;m.m i
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Figure 6.-Ground-penetrating radar record displaying location of large anomaly along survey line
E-E’, and the EM31 record for this line.
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Figure 7.-Electromagnetic survey records showing anomalies along
selected survey lines.
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