Archaeology
Looks, to. N,

GROUND-PENETRATING RADAR
TECHNOLOGY ALLOWS SUBSURFACE
IMAGING OF BURIED ARCHAEOLOGICAL SITES

1 may have wondered how
-archaeologists fHnd  treasures
buied beneath the ground by
sand and bme: Sometimes they
follow surface clues like scat-
tered artifacts, standing archi-
bexr r:un-*, T pcar'hap\. a small change i topogra-
phy, which can pinpoint locations o cxeavate,
At other times, more random digring or just
plam ]ur,]c musf snfﬁc‘e asa d15::mrerr3 method,
= _Ajthouwh, many great discoverics Tave been
- madein thiese ways, there are pﬂlbdl‘.ll} aneven
~greater number of finds skl waiting to be.
- made, lying buried in places where archacolo-
T gists wnph have not thought of tt-"-atn'rb 'D‘FE[‘H,__.

~ new discoveries come to light only as a result
e '.'Gf consl'rut.ﬁtmn aclivily or cmsmn af ke

2 '_'gmuml cover dun'n‘L_, A H’r.i:-r'm In such CHSES,

- destroyed before the arrival of an archaeologi--
cal tearn. Ek_’é_t‘_f L .)\fET‘IHTME‘]} E‘k{ avatﬁd arr'lms;- i

1mpurhm‘ ‘materials can be pﬂl‘i‘ﬁ.ﬂ} ant whcrllﬂ,, ;

nlozical sites, there are questions about what
might lie just bevond an excavation's window
into the subsurface. Al of these problems
involving buried sites mizht be solved it there
were a relinble and aceurate way o sce below
the ground surface:

Archaeologists have sometimes emploved
magnelomelry, electrical resistivity and electio-
magmetic comducti |t'., ] :imrrww :mrf A ‘thie
location-of ob;m_:t:; and teatures buried below
the ground. These nom-invasive geophysical

technitpies measure chanpes in the physical

properties of nearsurface soils and sediments.
This, ilu,:,- El1e ml*-ltn-fL te clbmpt d1d11gt"1 i
.matpml 5:11::h 1&. & bmmdarv bﬂhwen sl ﬂﬂd
a buried stone m‘tll or the presence of anom:

alous materials ke mehﬂ o baked Lla*.-' Linder
aptimal conditions a subsurface: map of possi-

ble archacological features of inlerest mightbe
produced. Although these methods work well
'unrlem ]:mthéd ranf*e {‘sf 5119 condlhm'ls none 15- S
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capahle of determiningr precisely the depth at
which the subsurtace properties change and,
therefore, Lhat third  dimension must be
inferred or eshmated.

[n contrast, another geophysical technigue
called pground-penetrating radar (GPRY nol
only detects subtle changes i the soil and sed-
imenl propertics, inchiding the presence of
buried archaeological Tealures, bul il alse
teastres the depth at which those changes
ooour This geophwsical procedure sends a
series of radio waves inlo the ground and
records the reflections of Fhose waves from
subsurface disconbmiitics. The travel time of
the waves pi’m‘id:—:h 4 Wiy W mensue Lthe
depth of the discontinniby. Maodern data pro-
cossing and image-generation programs can
then produce  three-dimensional maps of
buried archasolomical features,

In the feld. the GPR- technique usually
emplovs A single surface radar antenna Lo
Eransmit very short pulses of elechromagnetic
chergy radar wavesh downward. An accompa-
nying r:'.t:{*.ivins antenag records the wiaves Uat
are retlected off discontinnities within the
ground. Reflections mighl be generated at
interfaces between buried archaeologival fea-
tures and the sutrounding material, or perhaps
from natural changes in soil properties or inter-
faces between stratigraphic horisons. The
depth at which retlections were praduced is

caleulated from the bwo way tavel me —

how lome the wave took t travel fromn the Sur-
tace somree, ta the subsurface discantinuity

“and back o the surface receiver Knowing the
travel time, and caloalating the wave velocily

Depths

inthe subsurface medivm, allows one to caleu-
late for distance. Radar wave travel times are
measured in nanoseconds (nsl, or hilliomths of
a second,

When GPR is nsed for archacological explo-
ration and mapping, the radar antennas are
muved inlines along the ground surlace, send-
ing and receiving many radar pulses per sec-
ond, and recording both the amplitude and
travel e of the rellected waves. Reflecked
WaAVEe ampiilndi's are a measure of the contrast

The elliptical cone of

] e : . radar  peanatration.
FAICEL '\-' L1 I & -
in the Physical anl chermicel PIOPerls o1 The cquation defines
ured matertalsc Lhe :.ugc: Live conlrast; the the tone geometry
ereater the amplibide of the reflected waves and the footprint
I the early vears of this method, Feonm alaout radivs at  different
[F7a-1900, reflections were usually printed on- depths,
GROUND ANTENNA
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poper and inlerpreted visually, 1 antenna tray-
erses were parallel e one ancther, and the
same type of anomalous retlections could be
scen in several of the prefiles al aboul the some
prsition in the traverses, it was assamed that
they were produced by a single baried feature
and ils extent could be mapped spatially. This
typies of dista collection provided for little image
processing or enhancement. Iks success usually
relied solelv on the geophvsical knowledge
and intuitive ability of the interpreter, who
many times was not sure what type of huried
[ealure was generating the relleclion,

n general, the archacchygical community

shunned this type of seaphysical mapping

because of o perceplion thal il was o "black
how tool. Mysterionus energy or "signals” of
some sort went into the sround, senerating

indecipherable images that could be interpret-
el only by geophysical "experts”, As aresull of
this atfitude, and an “intellectual dseenting-
il¥" between archacological and geoplysical
cultures, many early attempts al CPR mapping
in archaeolosy produced inconchasive Tl
Sometimes the method “worked” and other
tirnes it did net, While geophysicists continued
ta dewvelop and refine the GI'R method and
produced numerous technical papers on the
subject, for many archaeologists what matbered
most was whether or not GPR conld produce
images usable for archacology. The few archiae-
alogical GPR suceesses were trumpeled, while
the method's failures were used as proof by
some thal GPR "didn't work for me.”
Ar‘c:ha&et:l:]g‘it:ﬁl GPR has now come of age
Kadar reflection data can he coflected and
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stored digifally, which permits sophisticated
data processing and analysis, producing user-
friendly displays of subsurlace features.
Iraddition, the availability (and affordabili
ty) of powertul personal computers and soft-
ware programs allews for the storage and pro-
cessing of larme three-dimensional GPR dala
scls (o Lypical 50 x 50 meter GIR survey
can generate 500 megabyles of data). The earli-
er "noisy” GIR reflection data that so often
muyslified the casual interpreter of paper GPR
printiaats can now be processed and corrected
to praduce clean orisp reflection reconds of sub-
surlace layers. These processed veflection pro-
files can sometimes be guile casy Lo inlerpret
vistially, if aprially extensive features like pit
house Noors ane the target of exploration, [F the
buried features of interesl are more complex,

wermdiscoveringarchacolsgycom

like vertical walls, sinuous lun- A high-frequency antenna is
nels, ur collapsed or contorted  dragged along the surface in
cocupatiom surfaces, even the  transecs while radar waves ara
reflected from buricd features.
Inset above is a GPR system
with antenna, radar generator,
tomputer pracessor and screen.

maosl seasoned geophyeicist can
be baffled when allempling to
interpret complicated  reflection
prafiles. Bortunately, computker
advances now allow automalod
G data processing and image processing,
which can parlially overcome these difficultes.

Amplitade slice mapping (ypilies some of
the adwvances in GT'R data processing, The rela-
live amplitudes of retlections at specific depths
(s determined by converling radar travel e
tov clistance) are compared for all the reflectivas
collected within a grid. To make these ampli-
tnde comparisons theusands of individuaal

retlections are separated mto horiwontal slices,
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Collecting GPR daota at the Forum Movum, ltaly. The antenna is
dragged acrass the field, Nate that there are no surface indications
af the archocological features that are preserved below,

cach corresponding Lo distinet deplh in the
gronnd, Within those shees humdeeds of fhine-
sancds of digital samples, conesponding to
reflection amplitudes, are compared  amd
saved. The lacabion of higher amplitudes, pro-
duced by large ditferences in the properties of
he buried materials, are then correlated, grid-
ded and mapped spahially within each of the
slices. In order to make a visual image that the
buman brain can fnterprel, colors of the rain-
bowe (or perhaps shades of grey) are then
applied to the regions in the slice thal corre
spund toovarious reflectivn amplitudes, For
instance, areas with higher amplitudes can he
colored red, while those with lttle or no sub-
surfave reflectivn, and therefore more homuega
neans material, are colored blue, When this is
done cach sliced level becomes analogous (o o
careful excavation in horisental Jevels, where
all phvaical and chemical changes in buried
malerials are precisely mappod, When hese
elifferences in material properties can be corre-
lated divectly to the presence or absence of
archacelogical fealures or arlilacls, the slice
maps will illstrate many imparkant compo-
nents of buried archasological sites,

The cricrtation and thickness of amplitude
shice maps can be varied ke fit mdividoal sie

parameters, For instance, slice maps need not be
horizontal. Individual slices can he programmed
Lo follow steatigraphic lovers, buried living sur
faces or any orientation and thickness desired,
deally, changes in the amplitudes of reflect-
ed radar waves can be correlaled directly o
archasoloynical feabures, s wits the case at
Forum Mowvuam, a Homan archaeological site
aboul 100 kilomelers north of Rome, Haly: This
ancient marketplace 18 beingn studied by
archacologists  from  the  University of
Birminghao, Englind in cooperation with the
British School of Archacology in Rome. Many
public buildings, mclading a market place,
wittehouses, and  macsolewms have boen
umcovered m o the northern part ol the sibe
These archacological lealures, daling o as
early as 30 BOCL, appeared b project to the
aonth, into a flatk cleaved area with no surface
indicators of buried leatures. Aerial photo-
Sruph iutr.::].:n:t,adim1_, magnetomeier arud clee
trical resistivity survevs provided only marpin-
ally usclul hinls of what might be buried below
ther surface. In the hoepe of producing mure
detfinitive images of the subsurkace, a GE'E s
vey wis conducted in this open area and the
dati were provessed using the amplitude slice
) method,
The amplitude slice from near the surface Lo
N nanesecemds (a depth of sbouat 50 centime-
ters) illustrates only some soil compaction fea-
Lures crealed B bwo gravel roads thal merge in
the mapped area.
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Loweeser, in the slice from T i 20 nanuesec-

onds  (about 50-T00  centimeters in the
grroand ), the buried Beman walls become vis-
ihle, These harimmtal slices graphically
depict the lavout of this portion of ancient
Frorum Movon, including ndividual veoms,
deorways, courtyards and even possible
roads. Parlially collapsed walls, surounded
by wall rubble and =il create lhe distinel
radar velocity cantrasts in the subsurface, pro-
ducing high amplitude reflections, These
reflections from the standing walls were (hen
correlated and mapped thronghout the area
surveved, producing a map that resembles an
avchitectural laveut of the site,

Although the exact funchon of this region
of the ancient city can only be inferred from
thee GPR site plans, future digging will be con

sewewraliseoveringarchacology.com

Amplitude slice-maps from
the Forum Mowvum Site, ltaly.
The slice frem Q-10 ns
{nanosecond, equivalent to
0-50 centimatars in depth)
shows a subtle "Y" shaped
anomaly, caused by differ-
ential compaction of two
intersecting gravel roads. In
the next rwo deeper slicas
(50 to over 100 centimeters)
the Roman walls are dearly
visible. Reflections from par-
hally standing walls of indi-
vidval rooms, doorways,
and corriders appear in red.
Areas with few reflections
arc shown in blue and rep-
resent soil and rubble fill
The deepest slice incudes
materials on the preserved
floors of the rooms, yielding
a more complex picture ot
this depth.
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centraled only in certain room hlacks, which
will romprise o systematic and stalistically
representative sample of the subsurface. A
complele uncarthing of this area, wihirh
weonald b very costly and time consuming,
can therelxy be avoided.

In some siluations the GI'E reflections are
not nearly as easy to identily and correlate due
to stratigraphic complexity or a seemingly ran-
doem cutter of reflections, many of which may
nal be of archacclgival importance, In lhe
Amnerican Southveest near the town of Bluff,
Utak, a Chace Poriod (AD. S00-11500 puehlo
with massive walls bas recently been excavat-
od by the University af Coinrada, Boualder, A
shuallow depression in the ground nearly was
thomeht b he the collapsed remaing of a greal
kiva, a larze roofed, semi-subterranean

b



Site of the great kiva
at Bluff, Utah, about to
be surveyed by GPR.
The base station with
the computer is set up
under the umbrella.
The shallow depres-
sion ta the left of the
researchers is the only
surface indication of o
possible buried fea-
ture,

strocture thal may bave been used Tor cercmo
mial activitios by the inhabitants of the neatby
puchlo. As a guide for future excavations of the
punsible kiva, QPR dala were Jiest collected in o
A ox Al meter grid owver the depression,
Fefleclion data were prﬂmsﬂed using horizon-
tal amplitade slice maps. In the slice Trom
about 2l cenfimeters to a meter depth, the
ouler wall of Lhe structure is clearly visible, In
some places this wall appears Lo have ool

1.10=1. 4 A
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lapsed, but in other areas the GI'R data showed
it still to be standing, This phenomenon was
later confirmed during excavations. Even more
inlriguing were images in the deeper slices thal
appeired torshew asmaller radivs wall lecated
within the outer wall. Such stractures within
grcal kivas are net unknown n the American
Somthwest, but are rare. This inner deep
“equarich™ wall conld nal be seen on the indi-
vidual rellection profles, presamally becanse

A serles of slice maps {30 x 40 meters) of the GPR survey at the great kiva site were generated, In the center
of the shallow slice [left] a circular feature is indicated by the red and yellow colors, which represent high ampli-
tude reflections. Subsequent excavations confirmed the presence of the outside wall of the kiva. Where the wall
is partially collapsed only blue colored fill materinl is shown, This same muterial also fills the inside of the kiva,
Deeper clicas, middle and right, at 1.11 to 1.33 and 1.33 to 1.50 meters in depth, reveal low omplitude reflec-
tions from separate intericr walls of the kiva.

T
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it produced ondy Lo amplitude reflections that
were overwlichined al that depth by the abun-
dance and cluther of other non-archacological
reflections, The computer was able to get
around this problem by searching for the sub-
e amplitndes at speciiic depths and then map-
ping only those that formed themselves inlo
linwzar or circular outlines, Subsequent excava-
tioms, nsing the G maps as a guide, proved
the existence of both the outer and deeper
inner walls i whatl appears tor lave been a
main deep central chamber af the kiva, with
shallower  anlechambers. Al Lthis sile Uhe
strength of the amplitade slice map method
wiag its ability o image buried foatures not vis-
ible to the human eve in many individual pro
files and then correlating and mapping them
wikhin thee grid as a whole.
round-penciraling radar surveys have
virhue fur rapid non-destroctive discoy-
ery and mapping of buried archaesolog-
ical siles, [0 GPR mapping is conploved inarcns
whiere such sites are suspected, buried remains
can he identitied and then avoided, preserving
them [rom the destructive effecls of conslre
tivn or erosion, Ground-penetratingg radar can
alsa assist archaeological research project plan-
ning, Few cxcavalion designs call for digging
mare tharn a small fraction of a site, due b Hme
and monetary constraints, Archasologists are
fheretore required Lo maloe inlerpretations
about site layout, prehistoric human behayvior
and site formation processes based on very lim-
il -examinalion of he subsurface, The GPT
method 1s one way that sites can be acrurately,
ancl relatively fnexpensively, identibed and the
number, size, character and location of buried
remaing mapped, When images of the subsr-
tace can be produced prior to excavation, strate-
gies can be lormuolated 1o elficiently test only
the targets of interest, while bypassing others,
The production of three-dimensional GI'E
images, which are meaninglul Lo archacolo-
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gists, 15 now possible, One frick is to allow the
computer to process comples digital data
bases, [nom swhich i conslrucls images thal arc
comprehensihle to the Tioman eye. [
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Cross-section

of

the

great kiva showing inte-
riar and exterior walls.

Test trench which helped
confirm the stratigraphy
and archaeclogeal fea-
turas revealed by the

GPR survey.



