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COMPARISON OF A PROTON AND A RUBIDIUM
MAGNETOMETER FOR ARCHAEOLOGICAL PROSPECTING
BY E. K. RALPH

University Museum, University of Pennsylvania

During the past four years, surveys with the Elsec portable proton magneto-
meter! have been conducted by members of the ASCA (Applied Science Center
for Archaeology) staff of the University Museum, University of Pennsylvania,
Philadelphia. These have been carried out at both archaeological and historical
sites, 15 in all, in 6 different countries?. Among these the most comprehensive
program has been the search for the ancient Greek city of Sybaris in southern
Italy> 4. In addition to the challenge of finding this site of former luxury and
fame, the plain of Sybaris affords an ideal testing ground for instruments based
on the principle of magnetic detection. Remnants of the classical periods—that of
the 6th century B.C. Sybaris, the later Greek Thurii, and the subsequent Roman
Copia Thurii—have been buried by meters of homogeneous alluvial clay that is
very slightly magnetic.

As a result of the surveys conducted in 1961, 1962, and 1963, it was apparent
that buried structures of sufficient mass which extended upward to within one to
three meters of the surface could readily be detected with the proton magnetometer.
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Fic. 1. Wall Anomalies, Plain of Sybaris. Left to Right:

1) Relative magnetism of soil layers in arbitrary units.

2) Description of soil layers on the north side of the Long Wall.

3) Cross section of the Long Wall as revealed in Test Pit A (1962) with con-
struction lines for the calculated anomaly shown above it. Actual magnetometer
anomaly in P.M.U. (proton magnetomeler units) and in gammas is shown also
above the wall.

4) Cross section of a small deep wall with construction lines for the calculated
anomaly, shown above it.
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Drilling and test excavations have revealed, however, that these are Roman, or,
in some cases, Roman on top of Greek structures. In the course of six and one-half
months of work and an additional three months in the autumn of 1964, very few
definite finds of less massive, deep, and presumably, Greek walls were made with
the proton magnetometer. The reason for this is demonstrated in Fig. 1. In the
top part of this figure are shown curves calculated by the method of Vacquier
et al.’ in which the horizontal components of magnetic intensity are neglected and
the magnetic anomalies in the vertical direction are assumed proportional to the
difference in solid angles subtended to the tops and bottoms of the walls as the
detector of the instrument is moved over them. For the case of the massive wall on
the plain of Sybaris where the clay is magnetic and the wall has negligible
magnetism, the observed anomaly will be a decrease from the normal magnetic
intensity. As shown in Fig. 1, after matching for peak height (with the measured
one), the calculated curve has roughly the same shape as the measured one.
The latter curve is shown also in gammas for comparison later with the rubidium
data. It is apparent, however, that with this small magnetic contrast between walls
and clay, the anomaly produced by the small deep wall is only 2 PM.U.*
(approximately 2 gammas)—too small to be differentiated from natural, instrument,
and other variations with a single sensor proton magnetometer.

The magnetizations of the clays, which are given in Fig. 1 in arbitrary units
of relative magnetism, were confirmed by later measurements with the spinning
magnetometer in the Research Laboratory for Archaeology and the History of Art,
Oxtord University®. These measurements indicated that our sample of 2 to 3
arbitrary units had a susceptibility of 0.7 x 10 emu/cc and one of 6 units, a value
1.0 x 10* emu/cc. A brick from a Roman wall, in Test Pit D (to be mentioned later)
had a susceptibility of 10.4 x 104 emu/cc (as well as a remanent magnetization of
130 x 10* emu/gm). These susceptibilities were measured at 2000 c.ps. As
suggested by Aitken, an estimate of the actual magnetization existing in the
ground is best obtained by multiplying the above susceptibility values by a
factor of 4.

The anomaly caused by the massive wall of Fig. 1 is typical of those found
with the proton magnetometer on the plain of Sybaris. The majority were negative
anomalies, that is, anti-magnetic and were caused by massive non-magnetic
structures buried in slightly magnetic clay. One exception was a large Roman villa
(Test Pit D, 1962) which was built mostly of bricks, materials which are more
strongly magnetic than the clays. One of the few anomalies, representative of a
deep structure, that was detected with the proton magnetometer is shown in Fig. 2.
This is the pronounced magnetic anomaly in the upper left hand section of Grid
#16. Since this is a strong positive anomaly, and as indicated by the drill records?,
is apparently more than 3.8 meters deep, it is presumed that it may have been
caused by concentrations of roof tiles or other fired materials. (At this depth our
guess is roof tiles rather than Roman bricks.) Even though other deeply and
several less deeply buried structures were encountered by the drills, the plot of
magnetic contours throughout the rest of this grid does not indicate their presence
with certainty. The need for an apparatus capable of detecting the deeply buried
structures and shallower ones of less magnetic contrast with greater sensitivity was
indicated. Therefore, our attention was directed toward the more sensitive optical
absorption magnetometers.

* P.M.U. is the abbreviation used for proton magnetometer units.
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With the kind co-operation of Lee Langan and Sheldon Breiner of Varian
Associates, experiments were conducted by Breiner and Ralph with various con-
figurations of the Varian V-4938 rubidium magnetometer? (see Plate I). Preliminary
tests were made at Fort Lennox, Ile-aux-Noix, Canada? in May 1964 before the
more extensive ones on the plain of Sybaris in October.

The basic principle of the rubidium and of other optical absorption magneto-
meters is that, due to the Zeeman effect, the energy levels become split into
various sublevels whose separations are dependent upon the total intensity of the
ambient magnetic field. To detect this proportional splitting, optical pumping is
required. The operation of optical pumping involves the excitation of electrons into
metastable states by the absorption of appropriate electromagnetic radiation. When
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F1G. 2. Plot of magnetic contours from data obtained with the proton magnetometer for
Grid No. 16, Plain of Sybaris. The round circles indicate the locations of drill holes.
The notations “drill stopped” in the lower right-hand corner signify that structures
were encountered at the depths indicated.
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“pumping” is completed, redistribution of the pumped electrons to lower levels
is accomplished by stimulation from a radio frequency corresponding to the
difference in energy between the split levels. For the isotope Rb# the separation
between sublevels is approximately 4.667 cycles per second per gamma. In com-
parison, the change in precession frequency of the proton magnetometer is
approximately 0.04 cycles per second per gamma. This is the basic reason why
the Rb% and similar optical absorption magnetometers are capable of detecting
changes in magnetic intensity with approximately one-hundred-fold greater
sensitivity. The specifications of the two types of magnetometers are shown in
Table 1.

Experiments were conducted with both single and dual rubidium sensors. For
the single sensor arrangement, the circuitry was reduced to a minimum, in a way
somewhat similar to that adapted for detection of persons buried In snow
avalanches.? Tt was battery-powered and the signal indicating a change in magnetic
field was heard directly. With a single sensor and consequently no means of can-
celling out background variations, sensitivity greater than that of the proton mag-
netometer could not be used effectively. With only an audio signal it was not
readily apparent whether an anomaly was ‘‘positive” or “negative” and it was
very difficult to assess its magnitude. In order to obtain greater sensitivity for the
anomalies only, a dual differential sensor arrangement and recorder were tried.

PLATE 1. Complete assembly of rubidium magnetometer and sensors (one held by E. K. Ralph)
at Fort Lennox, Ile-aux-Noix, Quebec P., Canada, May 1964. (Power cable leading
to the fort is not shown.)
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With this complete assembly of Varian V-4938 components, only the differences
between a fixed and the moving sensor were recorded. (This assembly may be
considered somewhat similar to a proton gradiometer or “bleeper”, but with the
differences that the sensitivity may be 100 times greater, one sensor is in a fixed
position, the results are recorded, and readings are continuous. With this arrange-
ment, external variations are nullified; and due to the fact that readings are con-
tinuous and that the moving sensor may be carried at a regular rate over the
terrain, the speed of operation was approximately four times faster than that of
the proton magnetometer (from one particular station). For these preliminary
experiments a battery-powered recorder was not available and consequently,
portability was reduced by the need of an A.C. generator. With the instruments
mounted on the back shelf of a Volkswagen Microbus, the generator just outside;
and 400 feet of cable leading to the movable sensor, a considerable area was covered
from one station, and not much time was lost in moving to the next.

It is tempting to write that success in the location of many deep walls on
the plain of Sybaris was achieved. In these initial experiments, beset by break-
downs, an unstable generator and other ‘“‘growing pains”, this was not fully accom-
plished. However, certain deep walls gave an anomaly of the order of three gammas.
The first tests were made over the Long Wall (see cross Section in Fig. 1) which was
known to produce a sizeable anomaly. With a fraction of the available gain of
the rubidium magnetometer in use, the expected 20 gamma anomaly was strongly
observed. This was a satisfactory beginning.
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Fi1G. 3. Plot of magnetic contours from data obtained with the rubidium magnetometer for
Grid No. 15, Plain of Sybaris. The round circles indicate the locations of drill holes.
The notations “drill stopped™ in the lower right-hand corner signify that structures
were encountered at the depths indicated.
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Tests were conducted next in the region of the southeastern “‘end” of the Long
Wall. Preliminary sweeps indicated that anomalies could be found in this region,
and two small grids were made. As is seen in the plot of one of these, Q §15 (Fig. 3).
the results were encouraging. Magnetic contours could be plotted at
intervals of only one gamma with sureness, and a magnetic anomaly of
only three gammas in magnitude (central part of figure) and of such shape as to
be representative of a buried structure was detected. This observation was con-
firmed by the drill results. Since this anomaly is positive, that is, it represents an
increase over the normal magnetic intensity, it may also have been caused by a
concentration of roof tiles. It is not clear why a structure was found also in the
north central part of the grid not coincident with the center of an anomaly nor
with a gradient of magnetic contours. One possible expianation is that this structure
was found at a depth of 5.5 meters, possibly below the magnetic clay, whereas
the wall in the center of the central anomaly was struck at 4.5 meters. There are
also other possibilities such as undulations in the underlying clay which would
complicate the magnetic pattern and cause the cancellation of positive and negative
effects. It is unfortunate that the central portion of the larger non-magnetic anomaly
represented by a lowering of the magnetic intensity to 10 gammas (southeast corner
of Fig. 3) was not tested by drilling. From previous experience with the proton
magnetometer and also from the drill results at the base of the anomaly, one might
guess that this anti-magnetic disturbance represents a structure buried less deeply.

The larger grid, Q #16, was surveyed also with the rubidium magnetometer,
but, unfortunately, a shift in sensitivity occurred within the instrument at some
unknown time, and the data could not be plotted with much greater detail than
those of the proton magnetometer. The resultant magnetic map is, therefore, very
similar to that of Fig. 2.

These experiments with the rubidium magnetometer were conducted for two
weeks only, and needless to say, much of that time was spent in making repairs
and mistakes. Even though the large grid was inconclusive, it was found that
areas could be covered with the rubidium magnetometer, at least four times as
fast, and that it may be possible to detect more deeply buried structures. Con-
siderable information was obtained in regard to changes and improvements to be
made with the rubidium apparatus for archaeological prospecting.
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experimented briefly than to that of the complete dual differential assembly of V-4938
components which we have described.
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EOR _ARCHAEOLOGICAL PROSPECTING
by

Ee Ke Ralph
University Museum
Univereity of Pennsylvania
Dnringuthe past four years, eurveye'yith the Elsec portable -

Y S .
proton magnetometer( ) have been conducted by members of the ASCA
(Applied Science Center for ArchaeoloéY) staff of the Univereité
Museum, University of Pennsylvania, Philadelphia.. These have
been carried out at both. arehaeolegical and hietorical eitee,‘

15 in all, in 6 different countriee( )

Among these the most
comprehensive program has been the search for the ancient Greek
city of Sybaris in southern Italy (3, u). In addition to the

ehallenge of finding this site of former'luxury and fame, the

plain of Sybaris affords an ideal testing ground for instruments

~ based on the prinoiple of magnetio deeeetion. Remnants of the
classical periods -= that of the 6£h‘centery ﬁ.ck Sybaris, the
later Greek Thurii, and the subsequent Roman Copia Thurii -
‘hawe been buried by meters of nomogeneous alluvial elay that 1s
very slightly magnetic, ‘:'

As a result of tne survejs conducted in 1961, 1962, and

1963, it was apparent that buried structures of suffioclent mass
_whioh extended upward to within oné to three meters of the surface
could readily be deteeted'with the proton. magnetometer. Drilling '
and test excavatione have revealed, however, that theee are Roman,

or, in some eaeee, Roman on top of Oreek structures. In the course

of six and one-half months of work and an additional three months
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in the autumn of 1964, very few definite finds of less massive,
deep, and presumably, Greek walls were made with the proton mag-
netometer. The reason for this is demonstrated in Fig. 1. 1In

the top part of this figure are shown curves calculated by the
method of Vacquier et gl.,(5) in which the horizontal components

of magnetic intensity are neglected and the magnetic anomalies in
the vertical direction are assumed proportional to the difference
in solid angles subtended to the tops and bottoms of the walls as
the detector of the instrument is moved over them. For the case

of the massive wall on the plain of Sybaris where the clay is mag-
netic and the wall has negligible magnetism, the observed anomaly
will be a decrease from the normal magnetic intensity. As shown in
Fig. 1, after matching for peak height (with the measured one), the
calculated curve has roughly the same shape as the measured one.
The latter curve is shown also in gammas for comparison later with
the rubidium data. It is apparent, however, that with this small
magnetic contrast between walls and clay, the anomaly produced by
the small deep wall is only 2 P.M.U.* (approximately 2 gammas) =--
too small to be differentiated from natural, instrument, and other
variations with a single sensor proton magnetometer.

The magnetizations of the clays, which are given in Fig. 1l in
arbitrary units of relative magnetism, were confirmed by later
measurements with the spinning maghetometer in the Research
Laboratory for Archaeology and the History of Art, Oxford
University(é). These measurements indicated that our sample of

2 to 3 arbitrary units had a susceptibility of 0.7 x 10-% emu/ce

and one of 6 units, a value 1.0 x 1= emu/cc. A brick from a

*P,M,U, is the atbreviation used for proton magnetometer units.
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Roman wall, in TestzPit D (to be mentioned later) had a susceptie
bility of 10.% x 10°% emu/co or 130 x 10™" emu/gme These sus-
ceptibilities were measured at 2000‘o.pbs. " As suggested by

Aitken, an estimate of the actual magnetization. oxiating in the

ground 1s best. obtained by multiplying the above susceptibility

‘values by a factor of U4,

The anomaly caused by the maouiVe wall of Fig. 1 is typical

o those found with the proton magnqtometer-on the plain of Sybaris.
The majority'were_nggative anomaiies, that is, anti-magnetioc and

were caused by.mdsﬁtve non~magnetic structures turigdfin slightly
magnetic clay. Oneiexoeption was a large Roman villa (Test Pit
" D, 1962) which was éuiit mostly.of Brioka, materials which are
mora‘strohgly magnetic than the clays. One of the few anomalies,
representative of aﬁdaep structure, that was detected with the

pr;ton magnetometer is shown in Fig. 2. This is the pronounced
'magnetio anomaly in the upper left hand section of Grid #léx — |
"Since this is a strong positive anomaly, and as indicated by the
drill records (7), is apparently more than 3.8 meters deep, it
is presumed that it may have been cauaed'by donoentrations of

roof tiles or othar‘fired'materialsi (At this depth our guess

is roof tiles rather than Roman bricks.) Even though other deeply |
and several less deeply burlied structures were encountered by'the
drills, the plot‘of”magnétic~contours'throﬁghout the rest of this
‘grid does not indlicate their_preSehoe'with certainty. The need
for an npparatus tnpable of detecting the deeply buried structures
and shallower ones of lass magnetic contrast with greater SensSie
tivity was 1ndicatad. Therefore, our attention was directed to-

ward the more sensitive optiocal absorption magnetometars.
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With tho kind cooperation of Lee Langan and Sheldon Breiner
of Verian Associates, experiments were oonduoted by Breiner and |
Ralph withrvarious oconfigurations of the Varlian V=4938 rubidiunm
__magnetometer(a). Preliminary tests were made at Fort Lenmnox, .
Ile-aux-Noix,'Canada(z)-in May 1964 before the more extensive
ones on the plain of Sybaris in October. .
' The basic prinoiple of the rubidium and of other optical *
absorption magnetometers is_that, due to the Zeoman effeot,‘the‘-
energy levels beoonersplit into various sublevels whose'separa-'
tions are dependent upon the total intensitf of the ambient
magnetiec field.ﬂlTo;deteot thio‘pronortional splitting, opticali
pumping'is reqniredé The operation of optical pumping'involves o
the excitation of efeotrons into metastable states by the abe-
sorption of appropriate eleotromagnetio radiatiene When "pumping“
is completed. redistribution of the pumped electrons to lower
levels is aooomplished by stimulation from a radie frequency
correspon@ing to,the difference im energy batween the split
levels. For the isotope‘Rbss the separation betwseen sublevels
is approximately 4,667 cycles per second per gamma.' In oomparison,
the change in precession frequenoy of the proton magnetometer .
is approximately 0,04 cycles per second per gamma. This is the
basic reason why the Rbas and similar optical absorption magnete-
meters are capable of detecting changes in magnetic. intensity
with approximately one-hundred-fold greater sensitivity. The
specifications of the two types of magnetometers are shown in
Table 1. | |

Experiments were conduoted with both single and dual

[

rubidium sensors. For the single sensor arrangement, the cirouitry
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was roduced to a minimum, in a way somewhat similar to that
adapted for detection of persons burled in unow'avalanches.(g)

It was battery-powered and the signal indicating a change in mage
netic field was hetrdfdirectly. With a single sensor and ‘con-

. sequently no means of cancelling out background variations, gene
sitivity greater than that of the proton magnetometer could not

be used effectively. With only an audio signal it was not readily
apparent whether an anowaly was "posi*iva" or "pegative" and 1t
was very difficult to assess its magnitudo.‘ In order to obtain
groater sensitivity for the anomaliea nl ;'a dual differential
sensor arrangement and recorder were triad. With this complote
assembly of Varian V-4938 components, oniy‘tha differences be=-
tween a fixed and the moving sensor were recsorded. (This assembly
may be oontiderad‘aoméWhat similar to a proton gradiometer or
"bleeper”, but with the‘differences that the sensitivity may bar
10d times greater, one sensor 1is in a fixed position, the results
are recorded, and readings are continuous. ' With this arrangement,
oxternal variations are nullified; and due to the faot that read=-
. ings are continuous and that the moving sensor may be carried at

a regular rate over the terrain, tﬁe speed of operation was ap=-
proximately four times faster than.that of the proton magneto-
meter (from one particular station). For these pfeliminary eXw=
periments a battery-powared recorder was not available and con-

- sequantly, portability was reduced by the need of an A.C. genera-
tor. Nith the instruments mounted on tha back aholf of a Volks~
wagen Ficrobus, the generator Just outside' and %00 feot of oable

leading to the moVable sansor, a oonsidarable area was cQVered




from one station, and mot much time was lost in moving to the
next.

It is tempting to write that success in the location of many
deep walls on the plain of Sybaris was achieved. 1In these
initial experiments, beset by breakdowns, an unstable generator
and other "growing pains", this was not fully accomplished. How-
ever, certain deep walls gave an anomaly of the order of three
gammas. The first tests were made over the Long Wall (see cross
section in Fig. 1) which was known to produce a sizeable anomaly.
With a fraction of the available gain of the rubidium magnetometer
in use, the expected 20 gamma anomaly was strongly observed. This
was a satisfactory beginning.

Tests were conducted next in the region of the southeastern
"end" of the Long Wall. Preliminary sweeps indicated that ano-
malies could be [focund in thig region, and two small grids were
made. As is seen in the plot of one of these Q #15 (Fig. 3),
the results were encouraging. Magnetic contours could be plotted
at intervals of only one gamma with sureness, and a magnetic
anomaly of only three gammas in magnitude (central part of
figure) and of such shape as to be representative of a buried
structure was detected. This observation was confirmed by the
drill results. OSince this anomaly is positive, that is, it
represents an increase over the normal magnetic intensity, it
may also have been caused by a concentration of roof tiles.

A structure found in the south central part of the grid was

also coincident with a gradient of magnetic contours.
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This structure was found at a depth of 5.5 meters, possibly below
the magnetic clay, whereas the wall in the center of the central
anomaly was struck at 4.5 meters, It is unfortunate that the
central portion of the larger non-magnetic anomaly represented

by a lowering of the magnetic intensity to 10 gammas (southeast
corner of Fig. 3) was not tested by drilling. From previous
experience with the proton magnetometer and also from the drill
results at the base of the anomaly, one might guess that this
anti-magnetic disturbance represents a structure buried less
deeply.

The larger grid, Q #16, was surveyed also with the rubidium
magnetometer, but, unfortunately, a shift in sensitivity occurred
within the instrument at some unknown time, and the data could
not be plotted with much greater detail than those of the proton
magnetometer. The resultant magnetic map is, therefore, very
similar to that of Fig. 2.

These experiments with the rubidium magnetometer were con-
ducted for two weeks only, and needless to say, much of that
time was spent in making repairs and mistakes. Even though the
large grid was inconQIusive, it was found that areas could be
covered with the rubidium magnetometer, at least four times as
fast, and that it may be possible to detect more deeply buried
structures. Considerable information was obtained in regard
to changes and improvements to be made with the rubidium apparatus

for archaeological prospecting.
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Captions

Fig. 1. Wall Anomalies, Plain of Sybaris. Left to Right:

1) Relative magnetism of soil layers in arbitrary units.

2) Description of soil layers on the north side of the
Long Wall.

3) Cross section of the Long Wall as revealed in Test
Pit A (1962) with construction lines for the calculated
anomaly shown above it. Actual magnetometer anomaly
in P.M.U. (proton magnetometer units) and in gammas
is shown alsoc above the wall.

4) Cross section of a small deep wall with construction
lines for the caleculated anomaly, shown above it.

Fig. 2. Plot of magnetic contours from data obtained with the
proton magnetometer for Grid No. 16, Plain of Sybaris.
The round circles indicate the locations of drill holes.
The notations "drill stopped" in the lower right-hand
corner signify that structures were encountered at the
depths indicated.

Fig. 3. Plot of magnetic contours from data obtained with the
rubidium magnetometer for Grid No. 15, Plain of Sybaris.
The round circles indicate the locations of drill holes.
The notations "drill stopped" in the lower right-hand
corner signify that structures were encountered at the

depths indicated.
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Comparison of Specificatlions of Elsec Proton and Varian Rubidium Magnetomoters

Elsec Proton Magnectometer Varian Rubidium Mapnetometep

Range

Sensitivity

Information Ratc

Power Requirements

o SR ST

'.‘\'

Weivhts and Dimensions

Detector Botglq

Instrument without
battery paek

Instrument with battery
pack and in case

Coaxial Cable 200 hf&
Sensor . '

Sensor Electronics
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Recorder :
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53 lbs.
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= 70,000 gamma . . RNl oo 3, £

per 6 secs (standard) ' Continuous and essentially 1nstantaneous

Two 6 volt,. 8 AH batteries Hagnetomete:: 105-125 volts or 210-230
AT TANL UL JRI T - R LT TP volts ac, 50 to 1000 cps’
TR RS s I R i L or 24-30 volts de, 40 wattis
ANV I AP maximum with one self--- :
'-ﬁFfé;;;f* S oscillator. (Recorder :

.n.

-

RS - " . - §s not. 1nc1uded) .
24-30 volts de, 12 w

- Width

_ Ei _ Self oscillator._ atts
Lenzth  Width Length

Height

Weleht
33n cjlinde;:

. Heizﬁt-};.v7'

55

12 Tbs.] 1@ me3fum seafws TRt LS
21 1bs. ij}?'  ;5}f.':f iu-;"'7‘ : § o = L,
A.ﬁfifﬁééff .sur'f;,;.:f;; f i p e e SR Sy % e B
i .\, - -) . ‘ - -- .,‘_ .» cim o Vb, S . ‘ 2'} -lbs. : 7' i ‘ .3-- Pylinder
¥ . Ex: 3% bs. 7dt 0 34 3R o

5 38 lbs. 153%% . 17+ y L
e, B; 1bs. i e =l

66

LS
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LINE NUMBER - ONE EVERY 3 METERS
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UNIVERSITY MUSEUM  UNIVERSITY OF PENNSYLVANIA SYBARIS PROJECT

Q?16 zona casa sianca . 'O DRILL HOLES WITH NOTMING.

AT SE°END" OF LONG WALL P BASE READING * 445000AMMAS© @ DRILL STOPPED AT LESS THAN 3.8 METERS.
. OCTOBER 1964 W CONTOUR INTERVAL » O ORILL STOPPED AT DEPTHS GREATER THAN 3.8 METERS.
PROTON MAGNETOMETER  Scele:0.8cmsiM  APPOXIMATELY & GAMMAS @ FRIABLE RESISTANCE AT DEPTHS GREATER THAN

o 1:200 3.0 METERS, o
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LINE NUMBERS — EVERY 3 METERS
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QO DDRILL HOLES WITH NOTHING.

Q I5 @ DRILL STOPPED AT LESS THAN 3.8 METERS
© DRILL STOPPED AT DEPTHS GREATER THAN 3.8 METERS.
1964 @ FRIABLE RESISTANCE AT DEPTHS GREATER THAN

3.8 METERS,




