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Because archaeological research 1s cosgtly and time

-

conseming a number of Methods have been aéapted to.
reconnojtre a site pfigr to its examination through ’

' e:@qvitjan. This thesis examines one such method of
reconnaissance, magnetometry. Using a proton iagnetagftgr,
thirteen historic and prehistoric sites in New England, the
Canadian Prairies, Yukon Territory and the western Canadian
Arctic were magnetically assay&d and the data Iinterpreted
in relation to their archaeological sources. The primary
goals of the research were to evaluate the the tgghniq‘e‘s
applicability to various methods of archaeological
research, and determine the most useful means of employing
magnetic survey on various types of archaeological sites.
f: !ec;use most archaeologists have limited éppartuniEy

=

to become proficient in interpreting magnetic data using

sophisticated analysis techniques, the study concent Fated

_on the employment af‘giiple iﬂterpréﬁivg methods which were
]

t

amenable to the idéﬁtifiﬁgtian of anomalies which are mo
f requently encountered when assaying ;zehgeglagigal sites.
The e{e:entnry anomaly models were used to interpret the
locations of archaeological features such as pits, fire
hearths, pottery coancentrations and scattered matal. To

aid in data analysis, several methods of automated data

manipulation were investigated, including the utflization

v



4

of computer programs to analyze and plot data for immediate

interpretation. This work culminated in the development gff

a series of microcomputer-based atatistical, filtsring and
. = )

plottingl programs which ‘enabled rapid analysis of magnetic
data as they were acquired {in the field. \

Six ﬁaigigzudies were used to i1illugstrate the wide

ring; of archaeological questions that can be addressed

using simple magnetic survey techniques. 1In the process, a
4 s
few of the limitations of magnetometry are {llustrated and

some procedures are descrihed whereby these limitations can
4

be minimized. The study culminates by evaluating the cost

effeédtiveness of magnetometry in comparison to traditional
site assessment techniques. The conclusion is that {f

A
magnetic survey is used ip conjunction with conventional

=

techniques of site investigation, a very powerful

ssessment methodology can be developed which can be

- F

effectively applied to a laTié nuaber of histnriﬁ and

prehistoric archaeological sites in North America,.
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CHAPTER I
INTRODUCTION

Archaeological research is costly and.tlne consuming.

As a result considerable thought and effqQqrt has beewn-
invested {0 designing and testing more efficient methods of
recovering data from archaeological deposits. Because of
the costs in time and labou;, site excavation has atressed

»

l1iog rather than completd excavation.

hen deciding an excavatjon sampling strategy, several
diféerent procedures can be 1-p1£!ented. The intuitive '
approach, probably thﬁ most common "sampling"” method,
involves concentrating excavation on site topogrgphy
similar {n pattern to that discovered at previously
investigated sites. Another method is to establish Qeveral
"randomly arranged test excavations over a site and then
concehtrate most effort in those areas in which the tests
have demostrated ;rtlfact or féature productivity. A still
more sophisticated form of sampling relies upon statistical
theory to obtain an unbiased site sampling strategy (eg.
Mueller 1975). |

Excavation on historic sites usually begins in the
viclniéy of sub-surface indicators (eg. anomalous .
topography or differential vegetation growth) which suggest

the presence of buried fentures.'vlf these indicators are

not apparent, systematic trenching and test pitting may



succeed in intersecting important remains which can then be
excavated more thoroughly.

Each of these excavation procedures will result in
some non-productive excavation, because test digging will
enevitably be carried out in sterile areas. For thil
reason alternative methods employing "prospecting"”
techniques have been developed. Prospecting techniques
e@able the archaeologist to identify areas within a site
which may contain archaeological remains. Important
historic and prehistoric features such as hearths, pits,
walls and floors, and even artifact clusters have been
located in this way without having to undertake ma jor test
excavation programs. Although few archaeologists regularly
employ prospecting techniques they can significantly reduce
the factor of chance in ftndin; archaeological fenluren and
therefore reduce costs of time and labour.

Most conventional prospecting techniques used in
archaeological studies have been adopted from the
geophysical sciences. They commonly operate by sensing
differences between the physical propertien of -
archaeoclogical features and the soil or debris tha}
lurroundi them. For archaeological purposes it {is
necessary to employ techniques ;gich are economical and
efficient under adverse field conditions. This requirement
limits the tyﬁco of geophysical techniques which can be

realistically employed in archaeological field research.



The most common techniques used in intra-site
archaeological prospecting are electrical resistivity and
magnetometry. Applications of resistivity exploration in
historic and prehistoric site assessments have often met
with success (Linington 1970; Carr 1977). However, the
resistivity technique is slover and more labour-intensive
than magnetometry, and the results can be affected by
climatic conditions (Hess 1967; Clark 1975: 300-304). On

the other hand, magnetometry is relatively rapid and labour

efficient, and is not hampered by normal meteorological
conditions.

Magnetic surveying involves obtaining precise

easurements of the earth’'s magnetic field at specific

oints above ground surface. Practical magnetometry vas

g

first :ué:gilfully applied to archaeological testing 1in
England in 1958 (Aftken et al. 1958) with the advent of a
part;zle inst rumelit sufficiently sensitive to be used to
detect the relatively small magnetic effects of
archaeological festures. During the first half of the
1960°s archaeclogical magnetic prospecting was actively
carried out in England and mainland Europe and to a lesser
degree in North America. Pioneering studies were first
implemented on sites bearing structural remains such as
stone floors and pottery kilns, since thess features vere
very essy to detect with equipment available at the time

(Aftken 1958:24,25; 1959a). The ma jority of the



(Afttken 1959b).

Unfortunately early technical successes which
stimulated the initial enthusiasm for magnetic prospecting
vere tempered as limitations became apparent. Because the
equipment available at that time vas bulky {t could not be
used in areas of heavy tree growth and frregular ground
surface (Aigken 1959a: 34). Frequently, buried features
such as walls and foundations could not be detected,
particularly {f they were either partially da;;r;yed or
overlying one another (ibid.). Also, instruments were
prone to misleading readings caused by subsurface geology
and severe magonetic disturbances induced by surface or
nearby metal, and electrical power £1n33 (Alitken
1961:83,84). These drawbacks discouraged the use of the
technique since it became apparent that technical
limitations allowed only the largest cultural anomalies to
bed discerned with relia§ility (1bid. 84).

These initial renulE;.?ﬁhile discouraging, did not
prevent some archieologi!;i from continuing to experiment
with magnetic surveying. Although sub-surface mapping was
not a realistic goal, researchers could see the advantage
in locating major concealed features 'prior to excavation.
This persistence was eventually rewarded, especially with

the introduction of more sensitive and portable proton
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magnetometers. Improvements 1in lnltru-;ntation stimulated
the development of analytical procedures fo; interpreting
magnetic data from archaeological sites. Most research
embodied the development of practical techniques for
obtaining magnetic data economically (Scollar 1970;
Linington 1970; Clark and Haddon-Reece 1971; Clark 1975;
Parrington 1919), as wvell al.fornulating procedures to
fnterpret them successfully (Scollar 1966, 1969, 1970,
1972). Howvever, because these improved field and
laboratory techniques required the utilization of
sophisticated equipment and computer softvare, only those
archaeological projects which were oriented towards
long-term research on selected sites and/or possessed
uncommonly lavish budgets were able.to carry on practical
megnetic surveys. |

At present, when most archaeologists consider the
iaclusion of prospection as part of'their on site
investigation procedure, they find that the available
literature is scattered through many journals and
publicatons with limited circulation. Most of what is
available presents magnetic prospecting in a positive
light, bui spends little time explaining how the technique
directly bemefits archaeological interpretation or how {t
could be applied beyond the particular site which was
investigated. Many reports dwell heavily upon the

innovative use of a particular type of magnetometer, or the



sophisticated interpretation techniques used in assessing
magnetic data. Other papers simply report the results of a
survey, often without describing the purpose of the
project, what kinds of features or objects were to be
investigated, and the direct benefit the archaeologist
gained from the effort expended. These reports
consistently show that there (s a conceptual gap betveen
successfully employing magnetic surveying to locate
archaeological features, and using the information toc more
effectively carry out archaeological research.

To make this link an archaeologist must know what the
technique of magnetometry will and will igt do in detecting
archaeclogical features and objects. H‘ well, he or she
must know what purpose information furnished by the
technique will serve in an archaeological reseach design.

These twvo requirements give rise to the fallowing

questions:

1) what is the applicability of the technique on a
plrticui:f site?

2) how iueh of what resources must be marshalled to
carry the work out?

3) how much time will 1t take to produce interpreted

results?

In most cases archaeologists will reflect upon these



questions and conclude:

1) I don‘t have time to learn how to do magnetic

-

surveying, and I don’'t want to "fiddle"” with it when I only
have a short time at the site .
2) even if I did have the time and the desire to do

le to afford the equipment or cost of —_/

or

it, I wouldn't be a
hiring a consultant te do it for me
3) even if the technique worked, I wouldn’'t know what

to do with the information anyway

It was with these typical responses in mind that the
present research vas initiated. Thirteen historic and
prehistoric archaeological localities Herezlnvegtig:ted;
seven in Western Canada, three in New England, twvo in the
Yukon Territory, and one on the High Arctic Islands of the
envi ronments ranging from prairie through boreal forest to
tundra, and from lat{tudes 45 to 75 degrees north. The

widespread differences in both the topographic and magnetic

Il

envi rouments that were experienced éuring the fieldwork

vere accompanied by equally diverse archaeological problens
vhich vere formulated in a manner in which magnetic

surveying could provide at least some help in finding a

solutfon.



ARCHAEOLOGICAL FIELD PRACTICE

The Proton Magnetometer

The most commonly used instrument for measuring

archaeologically related magnetic intemsity is the proton

agnetometer. Breiner 1973:3 and Aftken 1974:241-262 give

ummaries of the operating principles involved. The basic

phenomenon is the precession of protons in vater or
hydrocarbon molecules.

Modern proton magnetometers are deceptively
simple-looking instruments. A typical versf{on consists of
a metal console about the size and weight of a large
textbook. A plastic container holdiang about a litre of -~
sensing liquid is attached to this. console by a metre long
flexed cable. The liquid-filled container is the sensor,
the point to which all magnetic measurements refer. The
console contaions the circuitry which energlizes the sensor
and determines the magnetic field intensity around {t (a

process which takes 2-3 geconds), presenting the field

-
L ]
=2

strength as a five digit number on an L.E.D. display on the
top of the console. The number represents the absolute
total field intensity in gammas at the point where the

sensor was energized, with an accuracy of plus or minus one



The Earth’s Magnetic Field

In North America, the geographic field 1is about 0.6
gauss, or 60,000 gammas, directed downwards at an angle of
about 60 degrees, Although magnetic intengity‘v:rien with
location, in practical terms this spatial variation 18 not
significant, even at the level of a single gamma, unless
distances on the order of kilometres are involved between
measurements. However, the field intensity fluectuates

significantly with time. This fluctuation, called diurnal
variation, must be elosely monitored 1f precise
measurements are required. Typically, the field ;nten:ity
reaches a maximum near mid day with a gradual decrease and
levéling off in intensity as evening approaches. Over a
period of several hours changes of several tens of gammas
may occur. O;eniign{lly, ;igngticfinzgn:ity may fluctuate
unpredictably by ‘amounts in excess of 200 gammas (figure
2.1). These sudden and erratic variations are called
magnetic storms. During such times, it is virtually

impossible to carry out meaningful survey work,
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Figure 2.1

CDIUFHAL AR TaTICH

Temporal magnetic intensity variation at Mercy Bay
(Banks Island), 1300-1415 hrs., July 19, 1981 and at
Fort George, East Centrai Alberta, 1325-1440 hrs., May

31, 1979.
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The Magnetization of Archaeological Features

Magy objects which are encompassed and permeated by
the geo-agn:tic field generate secondary magnetic fields of
their ovn. These fields are the product of two different
kinds of wmagnetisa: remanence and induction. Remanent
(permanent) magnetism 1{s the inherent magnetization of an
object, regardless ﬁ} the magnetic field surrounding {it,

It {s dependent upon composition and the thermal,
mechanical and magnetic history ;f a particular specimen
(Breiner 1973: 8,9; Aitken 1974: 141,142; Strangway 1970:
8-15). Permanent magnetization of an archaeological object
18 usually acquired by raising its temperature beyond a
certain point and subsequent cooling: this 18 called
thermo-remanent magnetization (TRM).

The other type of magnetism ia called induced
magnetization. Unlike TRM, induced magnetization isa
directly dependent upon, and proportional to, the ambient
fleld per-eating an object, to produce a secondary magnetic
field (Breiner 1973: 8). The intensity of the secondary
magnetic field is dependent upon the intensity of the
Earth’s field and the ability of the object to become
magnetiged, called magnetic susceptibility. If the iﬁﬁieﬂg
magnetic fleld {8 reduced to zero, the induced
magnetization, unlike TEH? vould decrease to zero.

Most archaeological features are detectable by induced



magnetization, simply because they are composed of a more
sucsceptible magnetic material than the surrounding pediui
(Scollar 1965: 32). Induced magnetization is present 1in
all objects which contain iron compounds. Objects composed
of other substances such as copper or aluminum which lack
trace amounts of iron do not produce any magnetic field.
Iron compounds contained in soil can also give rise to
magnetic effects. The susceptibility of soils containing
iron oxides was first investigated by Le Borgne (1955,
1960) who determined that the surface of such soils were
much more magnetically susceptible than their parent
sub-soils. He demonstrated that the low susceptibility of
the parent matérial could be dramatically {increased by
inftiating chemical reactions involving the {iron oxides.
The process involves chemical reduction of naturally
occurring hematite to strongly ferrimagnetic maghaemite
(Tite and Mullinas l§7l)g‘ Thus the degree of magnetic
susceptibilicty of soil features on grchaeuiggiégl sites {8
dependent upon the amount of reducible iron oxides present

in the sofl, the intensity of the chemical reaction which

reduced them and, in some cases, the length of time the
reactions were allowed to occur (Tite and Mullins 1971:
!213)a Normally the intensity of the reaction or the length
of time (or number of times) the reaction occurred are
indeterminable prior to magnetic surveys of afgh:ealagiesl

sites. However, the chemical constituents of a particular
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L
site can be determined pf!ir to a survey and used to
determine if suitable quantities of iron oxides are present
on the site and would have been affected by intentional

burning or habitation. :

Dipole and Monopole Magnetic Anomalies

4

. -~

Localized magnetic anomalies are often the direct

Lo

result of a number of different {induced and remanent

magnetizations acting in conjunction to produce a net
distortion of Earth’'s field. However, because anomalies

caused by induced magnetization are by far the most common

found on archaeological sites, only these types will be

e
¥

addressed. For purposes of interpretation two basic models
of inapgly canfigur:tian suffice. These are the diéale and
the monopole.

The':gjnficy of the field research for this thet&s wvas
undertaken in areas where the magnetic field vector dips
below the horizontal at angles between 60 and 70 degrees,
and can:equintiy the anomaly configurations for both
dipoles ind‘jﬂnﬁpﬂlgl change very little with geographic
location. However, at very high latitudes, where the field
is almost vertical, or near Ehg equator wvere the field 1is
horizontal, significant changes in both configurations will
occur. Such variations must be acknowledged prior to

interpretation of magnetic data.



Dipole

The most common magnetic configuration of an anomal

o

is dipolar (see figure 2.2a). The intensity of the field
is twice ao large off its enda as it 1s at the same
discance off the side. The fotensity of a dipole fileld
decreases inversely as the cube of the distance. Thus, a
iiinezic anosaly 1ﬂ:§n;ity of 8 at a distance 1 metre from
an object would be reduced to only ]| at 2 metres from the
object. For a monopole the the field decreases inversely
as the square of the distance.

Figure 2.2a {llustrates a cross sectional view of a
magnetic dipole. As an example, a sequence of readings are
iﬁaﬁn with the magnetic sensor 25 cm and 50 ¢m above the
ground surface. Figure Zaiﬁiillultfitzl the resulting
total field intensity measured by the magnetometer as the
instrument moves through the igﬂlilgui area. The proton
Bagnetometer always measures the total magnetic field, and
this explains the profiles in figure 2.2b. For example, at
1.75 m south, the Earth’'s magnetic field (which, in this
case is inclined at roughly 60 degrees below the

horizontal) nearly parfallels the magnetic field direction

1ld re cumulative and

of the inducaed anomaly. The two fi
produce & maximum as shown in the graph. At position 0.75

m south, the amomaly field direction is almost the reverse
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of the ambient field. The total field is lessened in
intensity, although far less than {t was increased at 1.75
m south, becsuse of the former location’s greater distance
from the source.

Profile graphs such as 2.2b clearly display magnetic
field changes in a single dimension, but when data are
obtained from a two di-enti;nal grid it 1is preferable to
use contour maps to display magnetic field intensity as 1in

figures 2.2c and 2.2d.
Monopole

Although magnetic monopoles appear not to exist in
nature, if‘an elongated object standing vertically in the
ground 1s assessed by a magnetometer, the resulting anomaly
will resemble that af a monopole. 1In figure 2.3a, magnetic
lines of force are shown directed into the object from all
directions. At the opposite end of the object the field
lines would be directed out, but since the lowver end is
taken to b§ very deep this effect is negligible. The
ambient and anomaly fields, whea combined, produce a fairly
symmetrical profile curve (figure 2.3b), and contour plot

(figure 2.3 ¢ and d).
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Gradient Measurements

Additional data can be obtained from the original
upper and lower sensor readings by calculating their
difference. Such data are often informally refered to as
gradient measurements. Gradient measurements of this kind
are 1ndependept of temporal magnetic fluctuation of more
than several seconds duration. They also provide a means
of removing anomalous magnetic field readings caused by
deeper sub-surface features usually attributed to geology.
This characteristic can be exploited to suppress broad
scale horizontal magnetic trends and thereby emphasize weak
anomalous magnetic fields which are often of most interest
to archaeologists.

One problem in using g;ndient data ab;;iﬂed‘uiiﬂg a
single sensor magnetometer is the resulting increase in
machine error. This uncertainty is in the worst possible
case doubled, for the experimental uncertainty of the upper
reading (usually one gamma) must be added to that of the

lover resding.

Magnetic Surveying of Archaeological Sites
Cenerslly speaking, there is little procedural
difference between using a proton magnetometer to locate

geological formations and to locate archaeological features
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and objects. The primary difference 1is one of scale; the
archaeologist usually requires magnetic measurements at
relatively close spacing (one metre or less) and with great
accuracy, since most archaeclogical features and objects do
not produce very extensive or intense magnetic anomalies.
Accurate recovery of data is complicated by temporal
magoetic fluctuations of the Earth’s magnetic field., This
problem can be overcome by comparing magnetic survey
readings uith those from a second magnetometer which 1s
stationary. If a second magnetometer is not available,
periodic monitoring of a designated base station with the
roving instrument can be used to monitor the trend in

diurnal magnetic drift, and appropriate adjustments made to

the ‘data.

spacing presents quite a different problem which has
confounded archaeologists for years. When magnetic

measurements are secured from even a small archaeoclogical

site, a ponderous number of magnetic readings are usually

obtained. Prior to site excavation, all these magnetic

easurements must be adjusted, plotted and evaluated so

hat they can be used in designing an excavation stratexgy.

[

If the data must be evaluated by hand, interpretation
becomes the most time-consuming bottleneck in a magnetic
survey program. Survey programs conducted by the author

consistently demonstrated that where computer facilities

|



could not be conveniently accessed, manual analysis of data
vas saverely limited, resulting in unsatisfactory
interpretation.,

Organizations actively engaged in archaeological
magonetic surveying overcame this problem by developing
automated d!t:zpfﬂE!!SiB; systems using computers to handle

magnetic data. However, survey operations which utilize

substantial delay that ensues while data are shipped to a
computer centre, processed, and the results returned to the
field.

This methodological dilemma was largely overcome by
using a portable microcomputer for data processing and
automatic plotting of maps. The computer employed in this
study vas an Apple II plus, equipped with a disc drive for
rapid data storage and a thermal printer for hard copy of

maps and data. The Apple systeam, though designed for

-]
»y
=y

"indoor" operation, was easily converted f ield
operation using power supplied from an automotive battery.
Rough handling under a varfety of conditions did not ‘affect
its operation.

At the time the eomputer was acquired, no software had

been developed for such machines to analyse and plot

magnetic data. Most programs which were available for

Il

nf rame computers were not suitable for the Apple because

the "single user” orientation of the latter was not



compatable with the "batch”™, non-interactive programs
supported by mainframe systems. This was seen to be a
distinct advantage offered by the microgomputer. Its
highly interactive e:pib\}izy could be used to
substantially cut downm the number of data processing trials

in the field, and the process of magnetic interpretation
consequently made more efficient.

After a great deal of experimentation an operstional
software pizk:ge was developed by the author for use with
most of the magnetic data utilized 1n this thesis. The
package, vwritten in Apple II plus BASIC (APPLESOFT)
consists of programs wvhich permit raw field data to be
entered by keyboard into the computer and then saved on
disc as a computer file. Any stored files may be recalled
and analyzed, altered through filtering, and machine
plotted to produce contour maps, dot density mApSs or
selected profiles. A more detailed description of the
package of programs is presented in appendix 4,

The ease of operation and very r:pid.lpeed of thi;
series of programs permits magnetic data to be analyzed
while a magnetic survey is being carried out. This
flexibility permits a "feedback”™ relationship between data
anslysis and data collection which is rarely available to
magnetic survey projects which rely on remote data
manipulation. The practical advantage of thii-c§p;hili£y

vill be demonstrated in the following chapters.



CHAPTER 111

MAGNETIC SURVEYING OF PREHISTORIC .

HUNTER/GATRERER HABITATION SITES

- ~

Although magnetic surveys.have been carried out on a
number of.ptehiatoric archaeological sites, by far the
majority of these investigatlons have been concerned with
locating features such as house pits, tombs and pallisades.
Prehistoric hunting and gathering campsites normally do not
harbour remnants of substantial.structutes or excavations,
and there is less reason to employ magnetic iurveying
techniques to assess them prior to excavation. Ho;cﬁer,
such sites do characteristically harbour fire heargh;,
which cn; be relatively easily detected using a
magnetoneter.

Most cultural remains discovered by archaeological
excavation consist of altered lithic and bone debris which
was strewn about during site occupation. Excavation |
strategies have always stressed the 1deal of sampling this
debris objectivel} in one way or another, concentrating
upon the recovery of artifacts 1n'|uch a manner that they
would most accurately represent the pattern of'hunan
util{ezation. Random sampling methods begin Qith the
assumnption that arch;eological materials are non-randomly

distributed about a site. Human activities, such as food

preporation, tool making or social gathering usually occur

22



in discrete areas producing non-regular distributions of
artifacts and other remains, often referred to as
"contagious™ distributions (Greig-Smith 1964: 61). In the

course of site sampling intact archaeological features

featurds usually consisting of hearth remains. Because a
hearth is usually the focal point of a contagious artifact
distribution, excavation in the vicinity of such features

will often yield archaeological materials in contexts from

vhich a great deal of human behaviour can be inferred.

* The .magnetic characteristics of fire pits and hearths
are variable, depending upon the size of the feature, the
composition of the so0il {n which the feature sits, and the
nusber of times the feature was fired (Tite and Mullins
1971: 216-217). Of all these variables, probably thelllgt
one is most critical for archaeological magnetic survey,
for 1f a hearth s to be detected magnetically it must have
been fired a number of times. RNormal fires significantly
increase magnetic susceptibility of the first few cm of
underlying ground, but this layer of magnetically
"enhanced” soil {s rapidly diffused when mixed with
unheated soils wvhich are not magnetically susceptible

(ibid.). As a result, the sotl surrounding 4 fire must be



heated and cooled repeatedly in order to build up enough
magnetically susceptible soil to generate a detectable
magnetic field.

To determine exactly hov a hearth snomaly would appear
magnetically after different oumbers of cold re-tafts, a
limited testing program was initiated on a plot of land
situated about 40 miles east of Edmonton in an Aspen
Parkland envi ronment. The experiment 1nvolved building two
types of fire, a) a fire pit and b) a surface fire. Both
were carried out in a magnetically calm area and repeatedly
rekindled. After ;vety firing each hearth wvas assessed
with a na;ﬁeto-eter at different sensor heights.

a) For the fire pit experiment a hole 60 cm in
diameter and 10 cm deep was excavated in the centre of a
four m square area gridded off at half metre fatervals.
Before starting the first fire, magnetic measurements were
obtained frgm sensor heights of 60 cm and 30 cm at each of
the 81 grid stations. A fire was then kindled using poplar
wood. The sensor wand of a thermocouple was inserted into
.tho soil from two to four cm below the base of the fire,
and at the sides of the shallow pit. During the period of
burning, the instrument was monitored constantly to note
maximum temperatures attained by the soil and to determine
the average temperature for esch burn.

Each fire was -nintalﬁed for a minimum of two hours by

intermittently adding wood as the fire bagan to diminish.

24
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perature fluctuations appeared to be consistent for

Soil te

all fire pit tests, Once the burning commenced,
temperatures rose very slowly to just above 250 degrees C
in the first 15 minutes. Once coals began to form, the
temperature again began to rise, finally levelling off at
between 400 and 500 degrees C about one hour after the fire
was started. Wind gusts occasionally pushed the
temperature to above 700 degrees C, but only for a few
minutes. Selective probings into various parts of the pit
with the thermocouple wand suggested that heat did not
penetrate significantly beyond three cm into surrounding
soll at peak heating periods.

After tvwo hours each fire was allowed to burn itself

out and then ‘was doused lightly with water to extinguish

all coals. The pit was left for a minimum of 24 hours
before it was then rekindled. I this manner, three fires
vere monitored. After the second fire, accumulated
unburned coals were scooped out of the pit and disposed of
outside the grid. After the third fire 18 light and dark
quartzite rocks were placed into the pit and a fire started
on top of them. Prior to this firing, the fire plt ﬁ;?
magnetically reassessed to determine if any of the rocks
were magnetic. None were found to contribute any
:ppr;:i;bli change in the local magnetic field as compared
with the previous set of readings. The rock burn was

carried out in the same vay as previous burns. Temperature



ﬂgga‘\:lpid combustion. Fo

probes demonstrated that the rocks vere exposed to

temperatures fluctuating from 700 to 1250 degrees C

“depending upon wind gusts and the condition of the fire.

After th:-racta had been allowed to sit several days the
grid vas resurveyed and the pit filled in.

b) The surface fire experiment was carried out in the
same way. Instead of excavating a hole, however, a
clircular area roughly 60 cm in diameter was cleirgd of
surface vegetation. This became the hearth area. A
pre-burn survey was obtaioed from the four m square grid
surrounding the circle before firing. Temperature probes
beneath the fire consistently demonstrated that heat did
not penetrate as efficiently into the soil as with the f1ire
pit. 1In most cases jemperatures beneath the fire rarely

despite a large buildup of

oals and

[ ]

"y

exceeded 250 degrees

the fourth burn a circle of

~

non-magnetic rocks was established within the burned area
and & fire built within and on top of them. Temperature

probes indicated that though some of the rocks were

occasionally subjected to temperatures above 500 degrees C
most heat escaped {nto the open air and was not transferred

to the rocks or soil.
Magnetic data from the first experiment (fire pit)

were collected at least 24 hours after the termination of

e¢ach burn. All data vwere diurnally corrected by means of

base checks every 60 to 90 seconds from the northwest

26



corner of the experimental grid. Prior to burning, the
magnetic relief of the grid was assayed, with the area of
burning located approximately at its centre. Figure 3.1
displays the magnetic data as = Eﬂﬂtaﬂ¥ mAap at two éi!:l
intervals and as perpendicular profiles éhrnu;h Ehe centre
of the pit. ‘

Following the predictions of Tite and Mullins (1971),
a8 a fire 1s kindled, then allowed to cool, magnetically
susceptible soil will accumulate, eventually {n amounts
sufficient to produce an anomalous magnetic field. Despite
these predictions, magnetic readings retrieved from the
test grid %sediizgly after the first and second burn
_showed little difference in magnetic relief from those of
the unburned grid. It {s probable that the two burns did
not produce enough susceptible material to be detected by
the magnetometer. After the third fifing, however the
amount of i:gﬂiti;:liy susceptible soil being created
during burniﬂg became sufficient to produce a detectable
magnetic anomaly (figure 3.2).

The fourth firing, which included the addition of

7
rocks in the fire pitii%nﬂ:fibu:éd substantially to the

agnetization of the area in the vicinity of the hearth,
probably because of the combined factors of enhanced soil
susceptibiljty and thermo-remanent magnetization of a few

of the rocks present during the firing. The contour and

profile plots show a pronounced increase in magnetization,
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especially at the lover sensor height (figure 3.3).

The hearth replication experiments appear to
substantiate Tite and Mulline’ (1971) hypothesis that
repeated firing does serve to increase the amount of
magnetically susceptible material in a hearth. Based on
this evidence it can b: assumed that a fire pit wvhich has
been started a great number of times will probably produce
a substantial magnetic snomaly, providing enough 1ron
compounds are initially contained within ;he soll. If a
great deal of susceptible material {s built up in a soil
horizon in a localized area, it might remain in place far
longer than other soil constituents, since fron oxides are
not as intimately bound into a soil’s matrix as are
maghsenites produced during burning. In fact, it 1s
conceivable that 1f a hearth feature is subjected to
intensive chemical weathering, ali visible traces of its
exiltenc§ may be obliterated, leaving the maghaemite
material as the only remnant of the hearth and its

associated burning activity.
I1. Locating Hearths on Archseological Sites.

Using the dats generated from the hearth replication
experiment, a asumber of sites in six localities (see
appendix B) were magnetically surveyed in an atteapt to

locate buried fire hearths. Three of the most significant
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dre examined io detail:

1) Caribou 1slaand

roblem: The Caribou Island site 1s located in east

L]

A.
central Alberta, near the town of Bonneville. Excavation
of this site in 1965 revealed a multicomponent
stratigraphic sequence, ﬁitﬁ the lovest occupation sitting
on deposits pgi;ibly early post-glacial ino age. This
component was overlain by aeolian sand ranging from 80 to
130 cm in thickness. An absolute date for the lovwest
occupation was not obtained during excavation. Becsuse the
santiquity of the site was never ;ggilficga:ily deterained a
brief program of investigation was initiated in 1980 to
seek more archaeological data from the lowest stratigraphic

level containing evidence of human activity. One of the

primary goals of this project was to locate any deeply

I
-

buried hearth associated with the oldest component so that
a radfocarbon sample could be obtained. .
# ' =
B. Methodology: An undisturbed area of the site
believed to harbour evidence of hui;n_fipivity v;- gridded
at metre intervals into two 20 by Sﬂgéflnﬁtlgni. These
sections were then assayed using a magnetometer sensor
height of 60 cm and 20 cm. The data vere diurnally

corrected by monitdring a base station every two minutes



(or more frequently, depending upon ambient magnetic

curacy vas determined to be

"y

activity), General surve

|
L]
Ly

plus or minus three gammas. The data, once corrected, were
taken to Edmonton and plotted using SURFACE II (Sampson
1978), a computer contour plotting program available from
the University of Alberta Computing Services.

Two maps for each sensor height are given in figure
3.4-3.7, one contoured at 5 gamma intervals and the other
at 3 gamma 1négfvi1:. Using the four maps, it was possible
to estimate the depth and position of most anomaly sources.

After several anomalies were located, they were
magnetically re-surveyed at one-half metre intervals to
determine ghe best area to place test excavations. The
testing program that was carried out was flexible.
Ei;;v:tiﬁﬂ was undertaken first in_£he vicinity of
anomalies wvhich suggested the presence of a fired feature
buried at depth. Such a feature was predicted to produce
an anomaly form similar tz the dipole model explained in
chapter two (figure 2.2). As excavation continued, a wider
variety of anomalies were tested at lesser depths in an
attempt to identify most anomaly shapes and intensities so
that some direct field examples could be Qigd for

identifying most of the remaining magnetic disturbances on

the site.

C. Results: Seven lx2 m test units were excavated, and
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a summary of excavation finds appears in table 3.1. All
but one unit produced an identifiable magnetic source
situated at the expected location and depth. The

f:xception, unit #6, vas mistakenly established in a region
of poorly defined slgnetic disturbance and, not
unexpectedly, produced no indication of a magnetic mource.
Other units exposed buried metal, sno old excavation unit
dating from work in 1965, % deeply buried ignecus bﬁulééf
and a localized subsurface mand Iintrusion into the
underlying cobble bed.

Ué&t- 1 and 2 vere positioned over a deep lying
anomaly source thought to most closely reseamble a
hearth-generated anomaly. Based on theoretical models, it
was reasoned that the apparent three m separation of the
anomaly maximum and minimum in figures 3.4-3.7 represented
8 hearth buried approximataly 100 to 140 cm below the

surface at 518 east, 533 north of site datum. To verify

t of readinge wvas

the data from this grid, a second
obtained in the area of unite one and two at one half a
intervals. Only upper sensor readings were obtained. The
re-urvey data verified the presence of an anomaly in the
general area, although the exact position of the source
could sti1l]l not be determined (figure 3.8).

Units one and two were excavated in the area 2-4 m

emoved to a depth of

calt.'h-b m south and the overburden

i~y

120 cm. At this point & layer of quartzite cobbleas from



north . east (cm

1 532-534 517-518 120 cm crest of
subsurface till

2 532-534 518-519 120 ¢cm crest of
subsurface till

3 525-526 509-511 =~ 45 ¢cm buried igneous
boulder

4 516-518 503-505 15 cm buried tin can

5 512-513 501-503 65 ecm old backfilled
excavation

6 502-503 508-510 40 cm erroncously
placed unit

f‘o.,

7 510=512 520=521 55 cm sand intrusion
in till

Table 3.1. Results of magnetic anomaly excavation
: at the Caribou Island site.
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a. magnetic intensity, contour interval=2

377. CARIBOU ISLANG
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b. profile of magnetic intensity from X=1,Y=5 t&X=S,Y=1.

1

Figure 3.8 Caribou Island site magnetic resurvey, sensor=up (Z).
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the ti1l]l underlying the site wvas exposed. It was on this

surface that evidence of occupation by humans had

i

previously been discovered and where possible hearth
features were being sought. The till surface proved to be

sloping, with the high point of the slope incline
%

approaching the south half of the excavated unit. No

[ ]
L1

hearth remains could be gbserved anywhere on the cobble
floor, although a number of quartzite artifacts vere

recovered. After excavation, the unit was again

magnetically surveyed at half m intervals. The results
Fi = LB
demonstrated a magnetic high between 3 and 3.5 m south and

3 m east, based on information from the upper and lowver

sensor readings (figure 3.9).

e collected from the sand madirix encasing

[

A soil samp

the cobbles in tt

-
[ o]
~

rea was demonstrated under luhlequent

gonetically ;gicgptible

laboratory analysis to be more ma et
than the surrounding sand matrix. Althanih this could

suggest localirzed burning, no other evidence of hearth
remains could be found anywhere in the unit
(Sghﬂur?gnb:rgef and Gibson 1980). It was tentatively
concluded that the inaz;ly was caused by the upsloping
cobble bed rather than a localized source such as a hearth

remnant.

D. Conclusion: Although important data were collected

in other aspects of the 1980 Caribou Island archaeological
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project, the purpose of the maghetometric program was not
achieved, since no hearths were found anywhere on the site
sand no dateable radiocarbon material vas secured. The most
likely reason for this failure vests with the fact that {f
any intensive human activity did take place in the area
investigated during the early post glacial period, the
activities that were carried out at that time invelved
mining for lithic material rather than fire building (D.
Schnurrenberger 1981, personal communication). Even if
fires had bégﬂ built on the cobble layer their magnetically
susceptible remains would probably have been very tenuous;
in all likelihood they would not have been detected given
the survey accuracy, and zestaiﬁly not with more than 100
cm of overlying sand separating such remains from the
magnetometer sensor.

Despite the slim chance of success, some important
comments can be made about the magnetic project. éhe
research goals of the magnetic program were inherently
sound; the conditions and methods used to implement the
research were, however, less than ideal. To detect f{red
features, particularly very old features, ié a depth
greater than one m would require a survey sensitivity much
better than the plus oFf minus three g:iii; maintained at
Caribou Island. If a base station had been used to coantrol
for diurnal magnetic variation, the survey accuracy on the

site may have been i:prﬂvéd to plus or minug one or two



ganmas. Unfortunately, even if this accuracy had been
achieved, the resulting maps would have probably been
impossible to interpret because of the magnetic uneveness
of the sub-surface geclogy. Even at plus or minus three
gammas accuracy, four of the six anomalies testad vere
attributed to either igneous rocks, artificial features or

sub-surface geological sources.

2. Munsungun Lake

A. Problem: The Munsungun Lake locality is located in

north central Maine. Research there has uncovered evidence
of considerable human activity extending from the late
Ceramic Period to Paleo-Indian times., In 1980 a major

- ’
research program vas undertaken to examine a number of

questions relating to this prolonged human activity. The
program included major archaeological excavation,
geologic:i interpretation and palecenvi ronmental
reconstruction, so that lithic procurement, settlement and
subsistence patterns, and human responses to the changing
envi ronment could be documented (Boanichsen et al 1980:2).
A major stumbling block in integrating the

paleoenvironmental and geological history of the area with
the archaesologically determined human activities vas a lack

of radiocarbon dates to link geological !ﬂdr

paleocenvironmental events to the past hupan history.
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Although extensive test excavations had been carried out on
several sites in the locality, producing diagnostic
artifacts which could be approximately dated ;ypalagicglly,
no remains were recovered which could be used to furnish
datep to correlate with pollen core sequences or geological
stratigraphy. Because the soils in the Munsungun loecalicy
were extremely acidic, it was believed that the only
dateable material which could reasonably be expected to
-Qrvive the presumed great antiquity of some of the sites
was charcoal, produced in hearths.

Because some sites were very extensive and appeared to
harbour arsas of intense :e:iviij in some areas and little
activity in others, there was concern thit traditional
sampling procedures would concentrate scarce labour in
areas producing few archaeological remains. This concern,
wvhen coupled with.the urgent need to locate datable
charcoal for correlation with results from other .
disciplines, prompted investigators to turn to remote

sensing techniques to aid in concentrating excavation in

key areas believed to harbour remains of hearths.

B. Methodology: To delineate possible areas that
contained hearth remains on Munsungun Lake sites, a
comprehensive magnetometer survey was initiated. Ia

addition to this survey an equally comprehensive soil

chemistry program was carried out simultanecusly. This



project was intended to serve as a separate method

i~

latte

of locating hearth remains by snalyzing soil samples for
the presence of chemicals indicating localized burning

y
(principally magnesium, see Konrad et al 1981), and also to

identify areas of charcoal concentration which might

suggest intensive human occupation.

46

Of the four sites actually investigated by -

magoetometry and soils analysis, the results of the two

most intensively excavated sites (154-14 and 154=7) are
discussed. Site 154-14, which had yielded sample artifacts
typologically dating to Paleo-Indian times, was
magnetically surveyed in eight 20 m square blocks.
Measurements were obtained at one metre intervals at sensor
heights of 60 cm and 20 cm. Diurnal magnetic variation,
controlled through repeated base referencing, proved to be
minimal, Thus survey accuracy in both the single sensor
and gradient mode :ppra-eﬂgd plus or minus 2 Sliéi!a Soils
analysis on the same site consisted of nbt;i?ing soil,
samples at four metre {ntervals withia and beyond the
gridded magnetometer research area. A more detailed
description of the soi1l survey method is described
elsevhere (Konrad et al. 1981). Site 154=7, located a few
metres below the terrace on which 154=14 réitééi*ﬁi:
surveyed magnetically and chemically {n a iinn!f‘liiil!f to
154-14. On 154-7, two 20 x 20 m grids and one 10 x 20 m

grid vere assayed. Accuracy was also estimated to be about
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plus or minus 2 gammas in gradient and single sensor mode.
S0il samples vere collect in a manner similar to 154-14.

Magnetic data were returned to Edmonton and, after
adjustment, vere contour mapped in three plots, showing
upper, lower and gradient sensor data using SURFACE 1II,
Because the subsurface geology produced very strong
horizontal magnetic gradients on 154-14, only the gradient

maps ve used for interpretation at that site.

"y
»

Soil

b -]

les were analyzed at the University of Maine

at Orono. So0il chemical information was statistically

[

presented as standard deviations above and below contro
sample means (Konrad et al. 1981: 5). The data.were placed
on separate site maps ‘19 later transferred to the magnetic
gradient maps of 154-14 and upper and lower data maps of
154=7, for direct field interpretation.
iEx;iv:tian_af 154~14 was guided by the results of the

Magnetic :na;élie: which appeared to be strangly dip;lgr or
monopolar and which lay in the égner:l area of high soil

magnesium content were overlain by small grids and

ntervals. After hand

paite

re=investigated at half metre
mapping of these data, excavation units were established in
numbers which would best reveal sources for the ;nnnilii-..
Six localized areas of investigation were eventually
excavated. These localities were distributed over an area

covering three quarters of the western half of the site.



Only one .locality vwas investigated on 154=-7, This
localized area vas chosen solely on the basis of magnetics:
fnsufficient time remained in the field seascon to examine

other promising areas of the site vhich manifested

abnormally high soil chemical data.

P

D. BResul

8: Although the typology of the artifacts

o

&-

It

from 1 4 suggested great antiquity, deposition rates
were apparently so small in the Munsungun area that the
archaeological component vas buried only a few cm beneath

the site surface. Excavation in the region of all magnetic

anomalies demonstrated that archaeological remains wer

oil

concentrated primarily within the Ae horizon of the
profile, between five to ten cm below ground surface.
Thus, hearth remains were not expected to lie at any great
depth.

On 154-14, this did not prove to be the case. The

“\

archaeological deposits were quickly demonstrated to be
severely disturbed by many théuiind: of years of
cryoturbation and bioturbation, as the following
description of each locality shows:

Locality 1 - Based on examination of the magnetic data
plotted on figure 3.10, it was believed that a fire related
feature would possibly rest io the vicinity of 430 east aad
518.5 south. A second survey in that area at one half n

intervals roughly substantiated this prediction (figure
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3.11 a,b). The dipolar anomaly vas subsequently
-intersected by four two m square units. Each unit was
excavated in arbitrary five cm levels after removal of the
thick leaf !it;;hﬂiié soil horizons and Ae horizon.
Despite all four units being exdavated to beyond 40 cm
belov ground surface, no visible traces of a hearth could
be clearly discerned. A large scatter of cobbles and ‘some
charcoal was found in the Ae and upper B harizon of unit
518~520 south, 430-432 east. '

After excavation, the baulks, which appeared to
intersect near the centre of the fnomaly, were magnetically
EE*lufvgyéd by placing the sensor 20 cm below the top of
each baulk and taking readings every 25 cm along their
length. The survey results (figure 3.11 c,d) show that the
baulks did intersect the anomaly source and retain a
significant amount of highly susceptible s01l because the
baulk profiles indicate that the source was apparently
localized in the area predicted by the survey.
Uﬂfnf:unitely, the soil profile showed such intense natural
red and orange itrgtigfléhy (as would be expected fronm
podzolic, iron rich soils) that no indication of any fired
feature was visible.

A feasible explanation that could account for the
presence of the magnetically susceptible soil is that the
material vas the remnant of a fire pit which h:drbeen

restarted a oumber of times. A higher than average
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concentration of artifacts came from the four units
surrounding the gnai:ty than elsevhere in 154-14. These
artifacts included a number of broken and half completed
lithic tools, plus several incomplete fluted points. Thus
1t would seem, 1o viewv of the high artifact productivity of
the area, that a hearth feature may have been present in
the area, but that millennia of severe weathering

¢
obliterated the visible evidence.

Locality 2~ Because a number of magnetic anomalies and
magnesium highs were located in a fatrly localized area,
intensive excavation was implemented in this area to search
for possible hearth features (Bonnichsen et al. 1980: 31;

figure 3.12). A checkerboard configuration of excavations

was established. Few artifacts were recovered from the

excavated units and extremely disturbed natural
stratigraphy enabled minimal interpretation of the deposits
exposed.

A depression filled with a redeposited soil horizon
and intermittent buff coloured loamy soil lens containing
charcoal was revealed in the area from 496-498 south,
420-422 east (1bid 1980: 32). The depression, which was
partially deformed by a lir3§ boulder found intruding iato
it, was carefully exposed and sectioned from many
directions. Its origin has not been satisfactorily

determined, although:1it appears that the depression
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contents were at least partially derived from extensive
v

burning (based on the presence of large amounts of y
charcoal), suggesting a possible hearth origin. Thi;Fwau;d
account for the number of magnetic anomalies ippggrin;f
within the unit. Unfortunately, the extent of {iﬁé
stratigraphic disturbance prevented any firm cﬁﬂzluaian;
being reached about the origin of the feature, and no
artifacts vwere found in direct association with it. The éﬁ
anomaly at 498 south, 425 east (figure 3.12) was almost
certainly caused by a buried magnetic boulder which was
exposed during excavation.

Locality 3 - High ﬁagﬁe;iu: readings 'in assgﬁistién
with a dipolar magnetic anomaly and a number of flakes
which had been exposed by a ﬁenrby tree throw prgiptéé
excavation in this area (figure 3.13). Excavation
disclosed artifacts, suggesting the area was uséigh for
extensive lithic reduction, particularly to the south of
the magnetic anomaly centring at 469 south, 441 east.
Unfnrtuniﬁely;galzhaugh nagne;iz readings iugzggﬁed the
presence of a hié?ly magnetlc source, no source tould be
detected visually. Because no intensive resurvey of the
locality was carried out, {t was impossible to verify the
existence of the magnetic dipole.

8

Localities 4, 5 and 6 - These localities were not as .
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extensivaly investigated bgz;u;e of a lhﬁftigeiéf time
available for their excavation. The units were designated
because they fell along a base line intended to be
excavated to determine ;enlégigil stratigraphy. Thus the

gnetic anomaly or

localities did not represent optimum m

i

s0ll chemical readings for the enti:ggsiEE; but only for

he area which was passed through by the base line.

[ ]

Locality 4 (figure 3.10) was not believed to be
fe}rglgntitivg of any substantial feature since it was
::nifgited“by only a small monopolar magnetic low from only,
one station. !A magnetic resurvey was not iiplgnenfaéi Not
surprisingly, no anomaly source was exposed, although a
concentration of flakes was obtained from the unit.

Locality 5 (figure 3.10, 3.12) was magnetically

magnetic high on and to the north of the baée line. A few
possible fire cracked rocks were retrieved, but no real
evidence of a fire hearth or other burning feature was
visible. However, right on the anomaly high at 499 south,
447 east a vast number of lithic flakes were retrieved.
The lithic concentration wg:vup:ta five ¢cm thick and
displayed a radius of at least 50 cm.

Locality 6 (figure 3.12) was centred over an anomaly
at 500 south, 4353 east. Again, the anomaly source was not

easily discernible, but appeared to be the remains of a

w
Ly ]

fired feature, as {1t consisted of a few clustered pieces of



fire cracked rock and dispersed charcoal. Unfortunately,
all remains were in uncertain context as a tree (with only
the stump remaining) had grown over the rock and charcoal
fEilinl-‘

On site 154-7, research results were much more
revarding 1o the single locality excavated. The powerful
dipolar anomaly centring at 498 south, 511 east proved to
be caused by a substantial hearth remnant (figure 3,14,

3.15). After the feature was partially exposed it was

magnetically re-surveyed at a one m interval at two sensor

L)
[
Ly}

heights, revealing an intensive dipolar anomaly (figure

3.16). The feature consisted of a close packed "pavement"

of fire cracked rock roughly ten cm thick, lying
approximately 20 to 30 cm below ground surface (Boanichsaen
et al 1980: 22). Much of the feature extended beyond the
original two m square e:pyaratinn and could not be totally
isolated. A number gf’igpartgnc zuitgril materials were
secured from the hearth complex, including a prgjgttilé
point, a large amount of charcoasl and calcined bone from a

number of animal species. The bones we

”y

e¢ the only ones
recovered in 1980. Althbugh no other excavations were

undertaken on 154-7 that season, a surface survey of other
historic cabin, in the area 500-510 south, 500-52Q east.
The most obvious feature in this area was the remains 4f a

fireplace, represented by the powerful anomaly produced ié



— - 1981 excavations

——e—m - 1980 excavations

Munsungun Lake site 154-7 upper sensor magnetic intensity.

Figure 3.14

\w\
o



59

*A31sudjul dijoubew 10Suas J3MO| (-G 331S Ixe] unbunsuny Gp'g Aunbyy

* SUOL}PARIX] |86 - —— ) SUOLIRARIXI (861 -T..fh»d
WS e
D Lpw




T XITA

Figure 3.16

510 515

495

500

a. hearth remnant magnetic intensity.

4935 496 497 49¢ 439 589

. profile of hearth remnant frbm x=515,y=495

to x»510,y=500.

Hunsgngun Lake site 154-7 magnetic intensity of
hearth remnant. ‘ )
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506 south, 511 sast.

In 13’1, test excavations vere continued on 154-7,
These explorations did not make use of the magnetic data in
choosing areas for exploration. Instead, contiguous two m
wide tests vwere extended north and west of the 1980 units
(figure 3.14, 3.15). The driginal hi:t;ﬁ area v;::faund to
extend in a area 6 m square from the anomaly centre (R,
Low, J. McMahon, personal communication). Trenching to the
north of the hearth determined the extent of the featuré
but failed to encounter other hearth remains, even when a
two m unit was expanded to the west of the north-treading
trench. This is not surprising since this westward
exploration was situated about 2 m north 6f the centre of a
magnetic anomaly almost certainly caused by another hearth
feature.

Excavations to the south and east of the original
hearth fortuitously encountered a smaller hearth-1like
feature consisting of fire-cracked rock, calcined bone and

charcoal at 502 south, 518 east. A rich lithic artifact
inventory was also secured from the hearth area, including

four lanceolate points. This feature exactly coincid

s
with the magnetic anomaly shown in figure 3.14 and 3.15.
Tvo other excavations were placed west of the original
hearth. Their pl:cgi§ﬂ§ was near an area of complex
magnetic relief, but not precise :nauj; to expose the one

or more sources causing the magnetic disturbances.



Therefore it is not surprising that no hearth or aother

[

feature wvas encountered. However, a very large bifacial

core was recovered from one ;f the units (J. McMahon, R.
Low, personal communication) which may have displayed
-agnetlc properties sufficient to cause one of the minor
magnetic disturbances in unit 499-502 south, 502~504 east.

t

.D. Conclusion: On iSAglé, the results of magnetic
nur:ey were not clear-cut, chiefly becaude of the ext remaly
disturbed nature of the archaeological deposits. No
archaeologicglifegtures wdre discerned visually, other than
possibly 1in locality two and iii:! The only strong magnetic
suggestion of a hearth was in locality 1, where an
accumulation Qf,!;gﬂ:tielllj susceptible s0i1l was found,
traces of charcoal and rock clusters were exposed, and
numerous artifacts suggesting intense huggﬁ activity wvere
collected.

The enigmatic character of this last lagilicy’bring:
up several points related to tactical versus strategic
magnetic surveying practices. Strategic surveys involve .
collecting ‘azngtic data and then leaving the site without
attempting to verify magnetic anomalies by correlating them
with soil samples or surface features. The data are
interpreted without reference to other on-site information.
Thli type of survey {is contrasted by the t!gtié;I sutvey,

in which interpretation carried out as magnetic data are
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collected. Resurveys, probes and test excavations are
implemented on the site as required and maximum {nformation
is gathered about all important magnetic anomalies
detected, and used to help interpret the magnetic data.

Had a magnetometer not been available to continually
resurvey the magnetic soll concentration of locality one,
the source of the anomaly almost certainly would have
remained undetermined and the whole ﬂ;tufe:af the locality
thrown into question. At present there is no explanation

of why a localized pocket of soil should become highly

removes oxygen from the soil. Based on the hearth

J
replication experiments of this chapter, this soil "pocket”

could not have been created by slow stump burning, as has

been suggested, since it was concluded after the

oxidation and reduction reactions were required to take
place a number of times before soil could become

susceptible in quantities large enough to be magnetically

Excavation of some anomalies produced curious results.
Loecality 5, which yielded a heavy concentration of flakes
but no visible hearth remains, produced a noticeable
inégily”whiﬂh vas verified after re-survey. It is possible

that a fired source may have left susceptible soil that
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could not be detected. There 1is also the possihility that
the heavy concentration of flakes may have contained
materials that.generated a perceptible magnetic anomaly.
This does not seem probable, however, as the thousands of
flakes were largely of chert which does not normally
display a higp magnetic susceptibility. However, the chert
flakes may have been heat treated and consequently
ther-g-re-nnently magnetized. The flakes may 1in fact have
acted in the same manner as a cluster of pot sherds,
producing a net positive distortion in the Earth’s ambient
magnetic field which was detected by the magnetometer.

It 1is probable that the presumed antiquity and
consequent disturbance of. 154-14 contributed greatly to the
ext reme difficulty {n detecting, excavating and
interpreting archaeological remains. Diagnostic artifacts
(particularly the fluted point fragments) found on the site
suggest an age approaching ten thousand years B.P,
Countless biological, geological and metereclogical
incidents could have detrimentally affected the very
lgallovly buried 154-14 site'during this very long time
.span. -

ﬂovcver,cfiagnoltic artifacts recovered from 154-7
suggest an age of less than half that of 154-14, aad the
condition of the cultural features nuppofﬁn this

conclusion. Although only one archaeological test was

ciplagcd in 1980, it was guided by evidence of .hearth
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o
]

remains gained by magnetic survey, and ultimately provided

the most interpretable archaeological data for the whole

program. The value of the re-atgig?nsing technique in this
=\ _

o, ) .
particular case was especlally pertinent, for previous

raadom testing of 154-7 had failed to intercept hearth
remains, faunal material or fire-cracked rock, although
many artifacts were exposed. .

Excavations in 1981 continued to verjpfy the predictive
usefulness of the 154-7 magnetic data. Non-directed
excavations revealed another hearth, {ts position predicted
exactly by magnetics. Significantly, areas which d4d not
Yield evidence of burning activity also displayed no

k]

magnetic anomalies and in ;t least one case an exploratory
test missed a magnetic gnailly (probably a hearth remnant)
by several matres, exposing depﬂiit; which were relatively
sterile of artifacts (R. Low, J. McMahon, perscnal
communication).

Based on the currently :e,’ted ilm;:gligi found on

Fl

-~
154=7, there remain a number of fruitful mrea

for s

red. Particulary important

-

excavation, 1f Eiirthi are des

-]

areas lie within three metres of 491 south, 508 east, and

at 4B9 south, 519 east (figure 3.]14, 3.15). Another

xt remely complex anomaly cluster is centred at 480 south,

505 east, extending in a six m radius. Unfortunately, with

the data currently available, it is virtually impossible to

Ed

determine exactly where these specific anomalies lie aﬁdr
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what their nature could be., There are at least ten other
very promising anomalies that can be tested outside of the

historic complex on the south end of the site.
3. Dickey-Lincoln

A. Problem: The Dickey-Lincoln locality is situated in
north-central Maine, not far from the Quebec border.
Survey work in the area, as part of an impact study
inictiated by Ehg U.S. Army Corps of Engineers, located

been eccupied by humans at a very early time. The sites’
because of their possible antiquity, required in;egiivei
iovestigation to determine their elegibility for nomination
to the United States National Eggistgr of Historic Places
(Nicholas et al 1981: 80). Because of limited resources

-
available for conducting this testing operation, a
same research design that was iét out for the Munaungun
Lake locality: to locate fire hearths as s means of

isolating cultural activity loci, and to obtain hearth

charcoal for radiocarbon dating.

B. Methodology: Due to a shortage of time, the-
resesarch methods used iiti entirely strategic. Magnetic

data were obtained at metre {ntervals using two sensor



measurements per station. Diurnal variation was controlled

-

by base checks; survey accuacy vas determined to be plus o

minus tvwo gammas. After data vere collected, they were

(]
=

taken to Edmonton and adjusted and mapped using SURFACE
Because the data vere interpreted off the site, no
magnetic anomslies could be verified magnetically and no

tory probes made to cross-check the magnetic data

]
"

explor

[l
-

with actual site stratigraphy. Furthermore, individuals

experienced in interpreting magnetic data from maps
L]
generated by SURFACE II would not be available for

consultation when the sites vwere to be re-visited for test

€ficavation. As a result the maps that were produced were

systam based upon example anomalies found and excavated at
Munsungun Lake, a locality which digplayed a geographical
and geological setting similar to that of Dickey-Lincoln.

The priority system was established using anomaly

ﬁﬂﬂfiiutitiﬂﬂ; intensity and size criteria, as they were

4

displayed using upper, lovwer and gradient mode data. These

criteria were then used to rate an anomaly in two ways:
1) absolute probability rating - Th
on a four point scale. Anomalies were subjectively

ompared to Munsungun data and a probability scale of

n

!::;iilgn:, ipggad, I=fair and 4=poor established for the

L ad

probability of a specific anomaly hgiég caused by a

fire-related feature,

his rating was based
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ii)grglntive probability rating = This subjectitve
rating was applied only within a single 1gt2fpfeciveggriﬂ.
The total number of anomalies within a grid were tallied
and their provenience determined. The anomalies were then
rated among themselves, with the most likely hearth

anomalies rating at the top (l=highest possibility) and the

least likely rating at the bottom. -

C. Results: As an example, the resulcts of twvo
contiguous test grids from site 170-1 at Dickey-Lincoln are
presented in table 3.2, refering to figure 3.17. The

gu
tratigraphy of 170-1 proved to be as difficulc to

[
|

nterpret as that of Munsungun site 154-14, with the Ah and
B horizons often mixed and ftequently discontinuous in
nature (Nicholas et al, 1981l: 91). Thus, no evidence of
cultural horizons could be discerned, and archaeological
features vere not féund intact. Dé;pite this limitation,
evidence of former features could be discerned, mostly in
the form of. fire-cracked rock clusters.

Because anomaly centres could only be estimated within
plus or minus one metre, probing may not have been as

useful in discerning sources as would have been the case

*

surveying could be carried out, the survey results were not

with more extensive excavation. Since no secondary

expected to be much more sccurate than presented above.
However, though positional accuracy was reduced, the
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Anom. Absolute Test Area
(Relative) south east

Grid <A>

A 9 (3) 102-04 101-03
B 8 (3) 104-05 101-02
c 5 (3) 108-10 101-03
D 1 (1) 101=03 104-06
E 3 (2) 102-04 108-10
r 2 (2) 106-08 107=09
G 6 (3) 108-10 108-10
R 10 (&) 106=08 111-13
‘1 4 (2) 106-08 115-17
J 7 (3) 102-40 114-16
Grid <B>

A 2 (2) 105=07 121-23
B 3 (2) 102-04 123-25
c 4 (3) 100-02 128-30
b 1 (2) 103-05 127-29
E 5 (4) 109-10 124-26

KEY

9=relative prab:biliﬁy rating
(3)=absolute probabiliy rating
Test=test pit

Probe=soil core

Table 3.2. Results of magnetic an
at Dizkiy—Linealﬂi?i;:

=

type find
Tesnt FCR
Probe FCR
Probe FCR

Probe/Test fég

Probe/Test FCR
Probe/test CHE
Probe -—=
Probe ===
Probe -———
Probe -———
.
Probe FCR
Probe FCR
Test FCR
Probe ===
Probe ==

FCR=fire cracked rock
CHR=charcoal
===mno source found

omaly investigation
170-1.

.
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Figure 3.17 Dickey-Lincoln site 170-1 magnetic intensity, Area A
and Area B.
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researchers wvho subsequently tested the site reported a
success rate of over 66 per cent using the tables in
correlating anomalies with cultural remains (1bid.: 91).
They further acknovledged that the success ratio would have

magnetically verifying local subsurface anomalies prior to

excavation so that natural anomalies could have been weeded

out.

D. Conclusion: The successful results of the magnetic
survey at Dickey-Lincoln can largely be attributed to the
special research methodology used in applying the magnetic
dats to an archaeological cesting program. Using the
probability tables and rapid testing procedures, major
areas of prehistoric activity could be approximately
located and excavation accordingly initiated. The
computerized data procéssing did eatail a substantial delay
(over a week) before excavations could be instituted,
primarily because the mapping system used was available
only at the University of Alberta. Had the =
microcomputer-based processing system eventually developed
been operational for this project, it is probable that the
survey results would have bggn‘nare Accurate, more area
could have been magnetically assayed, and eaxcavations

?1gure 3.17 showg a set of traced diagrams based on



the iiﬂraeaiputir plots of some of Eée Dickey-Lincoln data
originally interpreted from calcomp plots produced by
SURFACE II. The latter program, though fairly accurate and
fgéti is nevertheless somevhat inflexible because of its
"batch run" orientation. As a result it 1is impossible to
interact with it to establish specific contour intervals,
suppress certain contours or pfgguze statistical
information from parts of a grid without having to re-run
an entire plot. With the Dickey-Lincolan data, these

shortcomings severely limited the number of plots which

m
[+]
-

could be produced to closely discern archaeological

features. Consequently, several of the test areas which

were identified from the calcomp mags vwere, upon

re-progessing using the microcomputer software, either

relocated more accurately or given a different priority.

This reprocessing explains why some of the designated
exploration units shown in figure 3.17 are not placed

directly over anomalies, or do not contain anomalies.

I11. Magnetic Search for Pottery

Prehistoric pottery is magnetically dectectibla through

thermo~remanent magnetization. Pots and other ceramic

icefis of fired clay often produce very significaant magnetic
anomalies on prahistoric sites. Unfortunately, pots are

rarely recovaeared whole on such sites in North America; {f



vessel has been broken and the fragments scattered into a
diffuse Elﬁltgr, the anomaly generated by the resulting
di-tributinn may bear no resemblance to the original
anomaly produced by the intact object. To determine what
kind of anomaly configuration, if any, would be produced by
broken pottery on :rch:eﬁlégic:l sites and {f magnetic
survey 1s a feasible means of locating such materials, a
program of magnetic seatch was undertaken on a prehistoric
pottery bearing site at Child‘s Lake in vest central
Manitoba.

Although a number of areas on the site were

investigated, one particular example demonstrated the

wr-
r
=y

magnetic characteristics of pottery f:;gagnti- The freshly
exposed fragments, primarily body shg:dg lying flat on the
ground surrounded by tree roots, vware broken unevenly over

meter Iz\irprﬂxllltlly 113 n

east, 119 m sputh of ditug!(figure 3.18). Contour plots of

l circular area 40 cm in di

the upper and lover data revealed a broad area of low

magnetic intensity over the general area of the sherd
scatter, but this magnetic relief was largely obscured by
adjacent strong anomalies. " Profiles from the upper and
lower data running south and east and passing directly over
tha pﬁtt!f?.lclttif did not clearly isolate the presdnce of
the ceramic éanciﬂtfitioﬂ from su urrounding magn ggic relfef

in the grid. F@Etungcily,':he gradient data removed most

of the horizontal gradient produced by the unknown.but more
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distant source, permitting a six gamma anomaly to be
clearly demarcated directly over the pottery scatter
(figure 3.18).

It is likely that the scattered pottery pleces vers
each too small to generatve as powerful a dipolar magnetic

field as would be expected from a wholde pot. Instead, the

-

randomly scattered pleces may have simply increased the

[¢]

magnetic field intensity in the local area only, because
the north and south poles of each fragment did not nullify
one another magnetically. A similar mechanism may also
have contributed to the anomaly found over the lithic
scatter at Munsungun Lake site 154-14, which was previously
discussed. Based on this {nterpretation, it is possible
that pottery fragments in aggregate could be so arranged as
to largely cancel one another out, producing no p!téept!&le

change in the total field.
-IV. Incorporating Magonetic Data into Excavation Strategies.

As previously stated, the culturally coantagious nature

of hearths makes them very amenable to productive

-

excavation. This characteristic, which was strongly
emphasized during the Munsungun Lake and DIQECY‘Lianlﬂi
surveys, has important implications for site sampling.
Givan the lbilitf to determine the location of hearths (or

even pottery clusters) an archaeologist can devise a
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sampling :tr:tgg} which will emphasize gxcavation in hearth
areas, where evidence of human activity will probably be
abundant, yet include peripheral areas which may yield
other types of cultural remains not directly related to

fire places.

As an example, consider a hypothetical single
component site deposit on a level, featureless 20 metre

square plot of land (figure 3.19). Occupation remains

consist of two discrete lithic artifact scatters (Al and

A2). 'Hithin scatter Qﬂ are the remains of three small fire
hearthe approximately 0.6 m in diameter (H1, H2, H3)>, two
of which are near elongate lithic chipping features (CFl,
CF2). There is no discernible quantity of bone within
scatter Al. Artifact scatter A2 éaﬂt{iﬂi two hearth pits
measuring :ﬁfé than one metre in diameter (Pl,P2), and
three localized clusters of broken bone in association u{;h
the fire pits (B1,B2,B3). Scatter A2 ylields two to four
pleces of broken bone per square metre over its extent.

A random sampling sysfem was devised in which zh; plot
of ground was divide into 20 rows and 20 columns. Enéh row
vas nusbered from one to 20, as was each columm. Met re
squares or "units"” vere then randomly selected as required
by randomly picking a number frag one to 20 for a row, and
then for a column. The two numbers thean furnished the
coordinates with wvhich a unit was selected. Using this

simple random unit generator, an arbitrary ten per cent

o+
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Figure 3.19 Hypothetical feature distributions and theoretical
sampling approaches. A - unsampled 20 m square grid;
B - ?rid sampled with ten two m squares; C - grid
' sempled with 40 one m squares; D - fired features
located after magnetic survey; E - stratified grid sample.



sample QfAEhg exemplary "site" was “é:e:v:tgd“.

The first ten per cent sampling procedure vas
initiated by randomly :glgcting ten two metre squares
(figure 3.19b). This particular strategy, using large
units, resulted i{n minimal sampling of locality Al (2

Another random
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ample of the site using 40 one m squares (f }ure 3.19¢)
improved the sample results, io that :antagiaﬁ:
distributions Al ;ng A2 were more fully excavated over a
broader area. Unfortunately, because the 40 uanits were
3 .

distributed over the entire site, many fell outside of the
contagious distributions, revealing no significant remains.
Sampling the site in a totally random fashion did locate
thes two contagious lacnlis;gg, ﬁuz the full range of
features eanza;ngd within Ehgn;‘lj poorly revealed.

I'f the three hearths and_ two fire pits are
successfully delfmited by magnetic surveying, the
contagious nature of the ifi}flEt distributions around the
hearths can be directly éz;e;jed in the course of feature
excavation. In thisgcase a rinda§ sampling design {s not
required since eﬁnti‘;mui trenoches can be excavated beyond
the hearths in different directions to determine the extent

of lotalities Al and éi;géi

"Uafortunately, this stratagy places great emphasis on

-1
human activities relatsed to fire. If other activities

,,,,, ]
A Y

unralated to the hearths took place on the site awvay f{ﬂi
gy .



the magnetic data to devise a stratified random sampling
methodology in which all of the site is sampled, but the
tvo localities more 1nteq-1vgly. Such a strategy, for
example, could entail sampling ten per cent of the twenty
metrs ;ﬁu:fe area, with 60 per cent of the sample (24
square metres) being retrieved from localities Al and A2
and the remaining 40 perceat (16 square metres) coming from
‘beyand those localities.

. To atratify the site, two distinct sub-areas are
designated, one contgining the three hearths and the other

L4
extent of the sub-areas

containing the two fire pits. Th
ia defined by designating a rectangular area oriented with
the sample Efld;!ﬂd extending two metres beyond the edge of
clustared features, in each direction (figufe 3.19d). This
definition results in locality Al being overlaid by a grid
nine by ten m (90 square m, sample S51) and 1nénlity A2
being ei:zggiétibed by a grid eix by ten m (60 square nmn,
sample 82). 8Sixty per ceant af the 40 square m allotted to
sample tg} per cent of the site 1s 24 units. Of the 24 one
m square units being allotted to the two localities to be
intensively !iiplié, and considering the relative
proportions of each grid, incglity Al receives l4 one m
squares and locality A2 receives ten one m square unies. A
) .

1

' . .



80
random sample is asccordingly generated to place 14 units in
sample S1, ten units in S2 and the remaining gﬂiti (16)
throughout the rest of the site (figure 3,19e). 5

Using this system, all three hearths and one of the
two fire pits as well as both chipping features and two of
the three bone features were intercepted in localities Al
and A2. The less intensive sample secured beyond the
features, though producing no cultural material,
nevertheless succeeded in defining the two localities,
demonstrating that the latter were in fact discrete
activity areas.

This example may not be directly applicable to any
particular archaeological site. Nevertheless, it does

-

demonstrate that with a little innovation magnetic

*
surveying of a prehistoric archaeological site can

radiocarbon samples. For expmple, the work at Hungungun
Lake, thellgh originally planned with the express goal of
securing charcoal for dating, was more Vliﬁlblé in gefining
apparent activity areas on parts of the site where
intuitively such activity was thought not to exist. This
revelation did not lead te the same type of sampling
strategy as explained in the example, but it did st'imulate
more extensive excavation {n aréés which pravéd to be very

B

productive archaeologically.
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V. Coneluaion

The successful use of magnetometry to locate hsarths
on prehistoric hunter/gigherer sites is primarily dependent
upon the condition of the feature which 18 sought and 1{ts
distance from a magnetometer’s sensor. Hearths which have

been severely weathered and physically disturbed are more

If hearths are buried deeper than 1.5 m from the sensor
aply the largest ones will be resolvable smid the natural
magnetic relief of a prehistoric site.

Based on the experiments at the beginning of the
chapter, hearths which will be most detectable are ones
which have been kindled repeatedly. This suggests that

p
there will be less chance of locating fired areas on sites

which were occupied for only a short time. On the other
hand, camp sites af long occupation should b; expected to
harbour hearths producing very lffﬁﬂﬁ gpoggliEi_ In such
cases it 1s possible that, under optimum conditions, fired

areas can be reliably delineated at distances over two m
from a magnetometer sensor. 9

Fired clay pots and clustered pottery fragments may be

. Ll ,
successfully located ueing magnetometry, i{f they are not

or

ied too deeply in the ground. Magnetic surveys at

Ly |

u
Childs Lake located a number of buried pottery clusters at

distances of up to 75 cm from the magnetometer sensor
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(Badertscher 1982,\per-onal communication). It is possible
that heat treated lithic scatters &nd objects may produce
detectable -ag;etic anomalies as well. Unfortunately, the
evidence suggesting this, from Munsungun Lake, could not be
verified and the results are at present ambiguous.

On; potentially important area of investigation which
was not pursued during the course of thils study was the
testing of various soils for magnetic susceptibility. 1In

1
fact, though a number of soil sanpleQ were collected from
several prehistoric sites the lack of proper equipment to
perform the susceptibility measurements prevented any
magneti¢ information being obtained from them. The

research at Munsungun Lake could have very profitably

utilized a portable Busceptibility bridge to obtain soil

susceptibility readings on site. The instrument could have

been eaployed as excavation proceeded, so that poteniial
areas di-playing anornal magnetic 1ntensit1e; could have
been delineated, treated as hypothetical hearth features%
and excavated accordingly. This would have permitted more
confidence in placement of excavation units, and th;
localities could have been §1ewed a3 activity areas rathgr
t£ln test excavations simply searching for them. Areas ’
which did not exhibit nngngtically ‘réceptible material
could have been quickly abandoned, if strategy required ic, '

and other areas tested.

To conclude, magnetic surveying of prehistoric sites

\\y ’ *

.
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L
archaeological rg::grcsf However, survey applications must”
adhere to the limitati{idW® of the magnetic technique. The
Caribou Island project represented less than ideal

conditions for detecting hearths and research results vere

nnticip;ted to be buried. In a similar vein, surveying on
sites of great antiquity, particularly in forested

envi ronments, may yield data which are difficult to
inte}pretg This is because natural de:zguctive forces have
more time to visually obliterate hearths. These
difficulties, however, are by no means common. In fact,
the majority of forest sites, at least 15 northern North
America, contain depa;it;‘ihi;h are relatively shallow

(less than EBEEhglf m) and have not suffered environmental

o

upheaval equivalent to that of Munaungun Lake or
Diékeygtincnln._ Using -1gﬂ§tic:; it 1s possible that many
prehistoric sites could be effectively investigated in a
short time period at a reduced labour investment, praviding\

a proper research design is adopted and coansistently

adhered to during site investigation,



CHAPTER IV

. ~

- MAGNETIC SURVEYING OF HISTORIC SITES

I. Introduction.
. S -]

ﬂintoric“liteu in North America usually conteain well
preserved archaeological re;ainl because they are only &
fei hundred years old. They are generally quite easily
detcéted using maganetics, aand concoqucntly magnetic ‘
surveying of hiltor;é sites {is often carried out in some
parts of the continent. However, not much lagnetic wvork
has been done in Westetn Canada. It was therefore decided
to test the feasibility of magnetometry in asBessing
historic archaeological remains in this area. The results

of three such surveys are presented below.
II. Field Bx‘-plel.

i. Cannfngton Manor

A. Problem: Cannington Manor was a small village
settlement in southeastern Saskatchewan. It was
estadblished in the 1880°s agd consisted of more than a
dozen major structures, including a hotel, school and flour
mill. Though it thrived as a con-uaity during 1ts first

two decades, the village declined as a commercial centre

84



after 1900 and was entirely abandeded by 1915i‘ All

buildings but the %ﬁﬁféh vere dismantled or moved and most

o

surface remainsg of the townsite were obliterated in the

ensuing half century by farming activities which took place

Iy

the former village (Gibson 1978). The site

k2

over moat o
é,—

was designated as an historic park by the Saskatchevan

government in the 1960°s and archaeological testing wvas

carried out to determine the condition of the new park’s

archaeological resources. Because of {its limited nature,

not concerned with the total cultural resource iaventory of
the site (Gibson 1978). . /
. .

' In.the late 1970°s snother progras of investigation
was initiated. At this time more attention was devoted to
determining the éypgg; quantity and condition of
:fghgéﬁlagicgl features and objects contained within the
park boundaries, with emphasis placed upon the resources
surrounding the known pg;itianl of the larger buildings.
Unfortunately, traditional exploration methods involving

linear tfgnéhin;, random probing and test pitting required

too much labour investment for th

crew size if!%llbi!i
Consequently an therngéiveriéthnd vas chosen, involving

magnetometry, to intensively assess the archaeological

=

B. Methodology: To obtain some idea of the reésource

AN
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potential of the many living yards in the park, three

separate areas were magnetically surveyed, with the intent

to use the results as 1nd1c§: to the condition of
ardhaeological features for the rest of Cannihgton Manor
Historic Park. One such ares, a 20 x 30 wm grid, was’
situated behind the remains of the old vil;lieitéiéthlgEg
Prior to -agnctii surveying, the grid wvas ;lélily §i:iin£d
for suspicious ground features and any gvidgnze of
"vegetation anomalies. 1In the process, a circular
depression one m in diameter was noted, as well as a large
rectangular area of heavy grass growth in the north half of
the grid,. and a strip of light coloured vegetati{ion on the
grid’s southern half (figure 4.1).

Magnetic \measurements were obtsined from the grid at
one nterva)& vith the sensor at 65 cm above ground.
Diur’ variation was controlled by referring to a base
inst rument after every station measurement. An older model
’;agneto-eter. wvhich produced magnetic measurements that
sppeared to drift uncontrollably after several hours
operation, wvas used. Because of this machine insccuracy,
and despite strong control of diurnal error, the survey
accuracy was probably not more than plu;znr ainus EI?E
gammas. Once data were gathered they were manually

adjusted and plotted at a contour interval of ten gammas

(figare 4.1).



a. relative magnetic intensity in b. excavations and features
gammas. contour interval=10, within surveycd grid.
hatchured contours start at
140.

0 - anomaly location
R Suspécted feature outline
S excavation unit
- abnormal vegetation cover
Hl - heavy vegetation cover
a
b
c
d

b - pitchfork head
c - cast iron plate
d - small depression

8 - metal hoop fragments ' ]

Figure 4.1 Cannington Manor Historic Park, Teacherage grid.

h
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(/found to contiin large rocks and mixed earth fill, and vas

as

h

C. Results: Although & cosrse contour interval was
emp -ed in -aﬁ%ing and interpreting the teacherage grid
d;t-, n.nu1bettof significant magnetic anomalieas wvere
identified., The source location fDE-EIEh dnomaly wvas
roughly deteflincd ;t;; data on hand; no repeat fe;ding:
vere‘;’;ained for specific anomalies. Upon identification,
all anomslies vere investigated by excavation of the
cultivation zbne and removal, 1f required, af_thi Ah: anpd B
s0i1l horizons. As well, selective soll cores yere
retrieved when excavation wa:rean:idgrgd unnecessary. The
results of these explorations are shown in table 4,1,

Of the eight anomalies {nvestigated, six (A-E,G)
appeared upon limited examination to be related in some
manner to remains of former structures or activity areas
such as refuse dumping. Anomaly D, in the ;%cini;y of the
depression found during the surface survey, was probed and
interpreted as a well. Two anomalies (F and H) were caused
by isolated metal.

D..Concluaion: As previously stated, the goal of the"
Cannington Manor exploration program was to detmrmine the
extent, range and state of preservation of archasological
features that were postulated to rejé in the area of a
auaber of former structurag. Based oun the example just

presented, and the results of two other test grids, the.



Ano-aly ‘Lacitian Saur;g Atch:eﬁlagieil
lﬂn:h east 7 IEEEfpt!Eltlﬂﬂ
A 27.5 . 7.0 metal fragments refuse midden
] 12.% 14.0 metal filled cellar pit?
depression
C 7.5 4.7 barrel hoop, refuse midden
nails
D 6.5 10.0 rock, mixed buried well
soil . shaft
E . 15.5 4.0 clay depostt, undetermined
metal remains
P 20,0 10,0 cast {ron fsolated find
plate
G 12.5 19.0 depression ﬁgdetgf:ingd
f111 :
R 4.5 16.5 pitch fork, 1solated find
nail scatter
4

Table 4.1. Magnetic anomalies investigated at
{ Cannington Manor Historic Park.
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1) Archaeological features and objects remained intact

od of

-
[
=]

beneath the plough zone despite a prolonged pé

cultiviti@n, and thus vwere amenable to archaeological

iﬂtgrpretitian

-, ) g _
2) Areas in the vicinity of all structures investigated

o

features suggestive of intensive

contained archaeclogica

human activity related to day-to-day living.

3) Based on the frequencies of features discovered on all
grids surveyed, most of the structures in the park probably
harbour features of archaeological interest.

1

These conclusions could not have been stated as confidently
magnetically had not been made available for difrect
EI!iinltiﬁﬂ through excavation. To achieve as confident a
statement uniﬁg traditional strif trenching and test
excavation would have required a much greater investment in
time and labour to uncover as many archaeological remains.
Beyond the research objectives, the survey suggested
several additional points for comment. Many of the |
archaeological features were detected because they

contained metal. Although the presence of metal is often

i



det rimental to most magnetic surveys, on some sites {ron

e

[=]

alloy ittiff;ti may be in associat with i:ch:aaiagié}l
features and serve ;: a means of loecating them. Iron
artifacts produce very éistin;t anomaly configurations.
Thuas, {f an ;rﬁn abjeét 1:fburigd’in an artificial pit,
such as a privy hole or cellar, the anomaly it generates
can be used to determine closely the minimum depth of the
feature it is contained within much more accurately than
the anomaly generated by the feature itself. The example
also reinforces the idea that magnetic surveying 1is more

revealing when it is carried out tactically by verifying

nomalies by resurveys and other tests.

The magnetic data from the teacherage grid ac
Cannington Manor would have been of very limited
survey ggeuricﬁ vas rel;tiﬁely poor and the methods of
interpretation were very simple. If even plus or minus
three gammas accuracy had been achieved in g:thering daca,
and upper and lower data been secured for preparation of
gradient maps it is p:ab;bie that other important features
may have been distinguished and properties about the larger
features more clearly determined without excavation. Also,
1f statistical manipulations accompanied by machine
Plotting had been undertaken, more accurate source
positioning may have been effectad. As the complexity of

the archaeological resources ihcreases, accuracy combined



92

o
[ ]
oo
]
o
[ ]
Lt}
-]
]
~
L]
o
=]
]
"y
]
>
o
[y
=]
o
[~
|
'e]
-
ook
[
[
[}
B
st

with sophiscicated anal;

to assume meaningful interpretion of the archaeological

content of a site.

Souris Mouth (DkLv-4, DkLv-9)

roblem - DkLv-4 and DkLv=-9 are the remains of fur

-
L -1

¢rade forts located in Southvestern Manitoba, on the
'

Assiniboine River. Much of DkLv=4 is under cultivation,

<

although an unknown portion appears to be undisturbed near
the river bank which lies adjacent to the agrieultural
land. Because the Manitoba provincial government vas
sponsoring a research program to assess the a:ch;galégicgl
potential of historic remains in this area, including those
which rested on privately owned farm land, a
ﬂﬂﬂ*ﬂeitfﬂéti?g assessment program was required that would
provide iag: idea of the cultural resource potential.
Accordingly, the magnetic survey which was {mplemented on
the DkLv-4 reflected the following research requirements
and goals: )

1) document the archaeological resources that might

remain intact beneath cultivation,

lying outside of the cultivated area,
3) discern a patteéern of archaeological features

suggestive of structures and their associated out-features,
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aand R
4) recover as much data about the arcgfeoiogiéil

resources as possible without implementing exploratory

excavation.

Item number four was especially critfcal {n the case
of DkLv-4, because the owner of the land did not Hiig
excavation to take place during the survey, since the field
vas freshly planted. Because DkLv-9 was believed to be
undi;turbed.by cultivation, only research goals three and
four applied to the survey work lnple-enied on this site.

.

B. Ho;hodblojy - On DkLv-4, a number of 10 x 15 m

grids.wer! wstablished over the site in areas along the

river bank and'.1in the cultivated field. Magnetic

’
1]

measurements were obtained at sensor ﬁaightt of 60 and 3d
cm per statiaon, and base checks were taken every two
minu'es, or more frequently as required by the ambient
field fluctuations. S?rvey accuracy was determined to be
plus o&»-inus two ga-nas; A similar methodology was
applicd)pn Dkﬁv-?.

Survey vork‘oﬁ these two sites represented thé first
test of 1nterprct1§g magnetic data in a field situation
using a microcomputer. At firet data were collected during
the day and entered finto the machine at night in the field

camp. Maps vwere thean produced and printed out.

Unfortunately, the data entry process took longer than
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anticipated and the daily rate of data collection far

surpassed the crev’s ability to enter and process magnetic
information at opight. A serious lag developed between data
accumulation and data interpretation. As well, the BLrvey
program ﬁg;EEB;rnted too much upon collecting data and not
enough on verification of anomalies. This resulted in too
many d:;;;b:ing accumulated for the microcomputer to
process in the short field time allattgg for the site
(about three daya), and therefore Eagﬂeti%:V§fifiﬁltiﬂﬁ of
anomalies was not carried out. 1Instead, the magnetometer

was used simply to collect more primary data from nearby

archaeological sites. However, on DkLv-4 a brief }griéd of
field verificaltion using a probe and metal detector was
implemented with very important reaults.

It vas unfortunate that excavation of presumed
features detected by the magnetometer was not allowed.

However, probings of anomaly areas wvas permitted on DkLv-4.

LS

increments until all evidence of cultural features
disappeared in soil columns or the length of the soil
coring tool (90 cm) was resched. The metal detector
sensitivity was limited to rbughly 20 cm depth, although
larger pleces of metal could be detected to about 30 cm.
In at least one case metal was struck by the aoil probe at
a depth that was not detectable by the metal detector,

although the iron-based material had been sensed quite
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C. Results- .
i. DkLv-4 '
i

Figure 4,2 :hgéi the results of sampling a particular
block 27 x 30 m 1in extent with a magnetometer, soil sampler
and metal detector. Prior to survey and field
verification, the only archaeclogical featuwes visible were
a shallow mound of earth, overgrown with vegetation, which
appeared to be the remains of a cellar, and an elongate
alluvial soil accumulation at the edge of the cultivated
field, which did not appear to be a structural feature.

The magnetic survey revealed a number of anomalies which
were analyzed in the field and marked for probing and

secondary survey with a metal detector. The results of the

4

tests are shown in table 4.2 and 4.3.

The available data outline areas which could be'
critically examined when excavation is actually planned.
These p:fticulsts?raai are defined in figure 4.2, and, on
the baais of iﬁilrlliplés, contain remains of structural
origin, or features assoclated with structures and living
areas. Other anomalies, when tested with the metal )

datector, appear to be caused by metal and are of secondary

importance, probably not Eequi:ing excavation. Probed

t J
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Assay Location Source Archaeological

south east Depth Source

1 495.0 504.0 " 10 cm metal detected (can)
2 496.0 510.0 12 cm metal cluster

3 484.0 512.0  -~---- no source detected

4 480.0 520.0 >15 ¢cm source bayond range
. of instrument?

5 489.0 520.5  -~--- source beyond range
of instrument?

[ ]

Table 4.2 Summary of findings from metal detector
sveep ove? selected anomalies on DkLv=4
test grid.



Ln:::ian
south asast

12 515.0 524.0
13 515. 525.3
14 515.0 527.5
15 493.5 526.0

16 493.0 521.5

Table 4.3

>%0
40
35
35

60

35
85
3o

30

Ah, mortar,
EIBdEfl
Ah, B

Ah, B

Ah, mortar,
ash

Ah, B

Ah, B,

mixed earth

Ah, mettar,
wood frags
Ah, mortar,

mixed earth

Ah, mortar,

cellar fill

Ah, B,
wood frags
Ah, B

Ah, mortar, -
mixed earth

Ah, léftifi

mixed earth

Ah, B

Ah, wmixed
earth
Ah, mortar,

tellnr fill

bufning pic
none found

none found

‘privy pic?

none found

buried metal
plate

buried
foundation
buried
foundation
cellar

none found
none found

structural

. remains

structural
remains

none found
localized

depression
cellar

Results of probe test of DkLv-4 test grid.
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nnol:ii:i which are ambiguous reqeire magnetic
re-assessment before excavation.

The three and possibly four areas suggesting the
presence of archaeological features probably represeat less
than 251 of the area of the entire grid. This iuehr-are
localized research focus enables exploratory excavation to
be carried out intensively {in areas believed to bde
pl'duéi:iii; Other sampling strategies can be used in
magnetically uniraduﬁtive Areas.,

Elsevhere on DklLv-4, a number of anomalies were
discerned which represent remains of structures or other

ures. One anomaly of particular interest was

L
Lo

cultural fes

found on another part of DkLv-4, smppearing as a very
powverful monopole (figure A;S)z A curious aspect of thias
anomaly is 1its configuration in combination with 1its
extreme intensity, particularly in the lower sensor

poition. Although the anomaly was only coarsely sampled by

the magnetowmeter, the profile for tﬁ:‘gppgt and lower data

the monopole model displayed in chaptet 2 (figure 2.3b).
The profiles show that there is considerable increase in

. otherwise there is little change in intensity between the

two values. The suggestion is that this anomaly 1is .

somevhat similar to that generated by the pottery scatter

at Child’s Lake, only with far greater intensity.

4
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- After repeated readings surrouandiog the anomalous
field ensured that the anomaly was represented only by a

monopolar "high”, a series of soil samples vere obtained
from the centre of the anomaly using a tvo cm diameter soil
coring probe. The cores revealed a 10 to 20 cm layer efi
humus from the cultivation zone. Below that point, samples
of soil mixed with brick particles and sand were pulled up.

A solid obstruction was encountered at 60 cm below ground

mixed in vwith a matrix of charcoal and mortar. The source
for thisg anomaly, though not fully examined, appears to

L ]
have been a collection of bricks or possibly a brick

structure.,
il. DkLv-9

Due to lack of time, magnetic anomalies discerned on

kLv~9 wars not re-surveyed or probed. Hovever, because
the site was undisturbed, buried archaeoclogtcal features
could be visually located by searching for anomalous

vegetation growths and correlating their locations with

anomalies found during magnetic survey. A nusber of
k]

depressions vers encountered during the time that magnetic
data were being collected. One of theqse, several metres in
diameter and nearly a metre dilpixﬂfaduéiﬂ,l significant

magoetic anomaly in both the upper and lower sensor data
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w
sets. Rovever, gradient data did not significantly record
the anomaly (figure 4.4). This is because gradient
readings are not sensitive to sources which produce
magnetic fields substantially broader than the diitigﬁg
between the upper and lower sensor positions. Gradient
readings vere found to be very useful on DkLv~-9 in
differentiating buried faaturas ju:i as pits and cellars
from others such as partially buried fireplaces and garbage
middens fillled with 1ron. Generally, the latter types of
features generatWd magnetic fields which were somevhat more
fntense fn the lower sensor position thanm in the upper

position. The gradient of these readings was thus quite

distinctive.

D. Conclusion - The success of the magnetic program at
DkLv-4 can best be determined by using the resulting data
to answer the questions addressed at the beginning of this

lection;

nf'Atchlialagiczl resources in the cultivated area -
Limited probing within the exploratory grid did aot reveal
much evidence of archaeologicsl remains in the cultivated
field, which lends support to the results of the magnetic
. survey in that area. With the exception of one Pt@iiﬂ;ﬂt
anomsly, which gppg;r-'gg have been caused by a pit of some
kind, no other verifiable archaecologically related

anomalies could be detected in the cultivated area. This
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suggests thaf cultivation has serfously obliterated all
i![;lEiE!lli detectable archaeological remains #hat vere
once present in the field.

b) Archaeological resources beyond the cultivated area
- Magnetic data, strongly supported by probe tests, suggest
that many archaeological features exist outside the
cultivated fleld. Such features appear to consist of pits,
cellars and foundation remains, all buried beneath 15 to 30
cm of humic soil. For this grid, archaeological resources

are especially concentrated in its southeast corner and

[l

appear to be related to a buried building foundation,

¢) Archasological patterns suggestive of structures=
Although the cultivated field lacks any archaeological
features, the uncultivated portion contains cultural
wemains. In the southeastern portion of the grid,
structural remnants, consisting of a buried cellar plus a
broad, buried depression, are vaguely cutlined, and soil
samples ylelded mortar, wood and ash fragments (see figure

4.3, area 1). A second area to the north about 5 to 8

-

(figure 4.3, ;?thﬁ;) appears to be a pit, containing a

o

collection of buried 1iron objects {n an uncertain
asvociation. At the extreme north end of the grid a
magnetic anomaly suggests éh: presence of another pie,
although this could not be verified by probing. The pit
lytng 10 m to the west 1n the cultivated field may also de

‘related :n\ih- structure complex. A few strategically
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placed test excavations should be able to document the
relationship of the mortar scatter to the depressions in
the southeast corner of the grid, and their relatiocoanships
to the clustered features lying to the north.

Several areas of this particular grid should have been
more intensively investigated by -:gﬂgta:etéf so that the
distribution and nature of features could have been more
accurately determined. However, selective soil sampling
did sigaificantly improve the inginnl assessment of the
grid provided by magnetics. As well, the metal detector
tests, by eliminating anomalies caused by surface }gzgl.
enabled the magnetic grid to be interpreted with greater
confidence 80 that perceptible magnetic patterns could be
discerned. These supportiwe testing procedures required
litcle effort to implement, once major features were

delineat

d, yet they vere necessary to substantiate the

data alone. 1In fact, in alaost all cases involving

-

assessment of historic sites, it is probable that secondary

exploratory methods which supplement primary magnetic data

4
will significantly improve the interpretation of the site,

especially if selective intensive magnetic re-surveys are

als

implemented.
On DkLv-9, despita the inability to make actual
sub=-surface tests, secondary surface indications of

archasological features agreed vell with the mapped



magnetic data. 1In some cases, using magnetic data from
obvious features as models, fully concealed archaeological

Temains vere magnetically delineated and subsequently

located (S. Hamilton, perional communication 1982).
3. Mercy Bay, Banks Island (Investigator Beach)

A. Problem - Investigator Beach is a site containing
A

the remnants of a cache of goods left by the crew of the
B.M.S. Investigator. The Investigator, a ship taking part
in a Royal Navy search in 1853 for the mfssing Fraoklin
Expedition, was beset in the ice of Mercy Bay on Banks
Island, N.W.T.. Prior to abandonment, the ship’s supplies,
mostly in kegs, were cached on a beach on the west side of
the bay. After the Investigator’s crew wvas fe;cggd. the
remaining supplies were periodically visited by various

groups of Copper Inuit for the ensuing 30 years. These

[~

people, living far to the éauth on the mainland, undertook

the long journey to ngéy Bay specifically to obtain large
- ‘

pieces of wood and 1ron from the kegs and a few crates,

commodities which were othervise totally unavailable in

- that high latitude (Hickey 1981).

Arctic 1is very good, the only extant remains of the cache

consist of clusters of splintered barrel steves and a badly

‘weathered coal pile. The barrel staves presumably mark the

106
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aTreas vhere the Inuit broke up casks for their ;ontentn and
desirable wood and 1iron.

A previous survey of the cache site in 1980 had
discovered no sign of habitation by Inuit {n the area,
despite the clear evidence of their presence at the cache.
Intensive monitoring of the ground surface, however,
revealed broken bits of metal and glass in certain areas,
wvhich suggested 1nten;1ve human activity. Unfortunately,
metal fragmentation was extensive and light vegetation and
soil cover viluaily obscured all but the largest metal
plieces. Thus, it was impossible to discern metal working
areas with enough confidence to actually map them. What
was required was a means of locating areas where metal
working took place on the site, and deter-in&ng the
relative amounts of metal working that occurred at each
activity ares.

Since Mercy Bay is in a very remote part of the
srctic, exploratory excavation could not feasibly be
implemented to locate these areas. 1Instead, a testing
progrem involving a magnetic survey of parts of the site
vas inftiated, to determine {f metal working areas could be

delineated and relative degrees of metal warking intensity

identified using magnetic interpretation techniques.

B. Methodology - The survey program was limited by the

availadility of transportation from the main archaeological

3
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base camp located about 100 km south. In the course of a
rapid shorelioe survey of northern Banks Island, a
magnetometer crev of two were set down by helicopter at
Investigator Beach. The helicopter was to recurn for the
crev in 24 hours. In this space of time as much magnetic
dat; as possible were to be collected. Since survey time
was limited, no interpretation of the data was to tskf
pPlace, although some major surface festures of the surveyed
area vere to be :;pé?di

Although several peparate barrel :;;ve scatters were
noted on the site, only one was iﬂiEltiglEEd in the day
long period. A 30 x 40 m grid was lnid,aver cthat
particular scatter and divided into 10 x 15 m sub-grids. A
magnetic survey was then undertaken with readings being
acquired at metre intervals at sensor heights of 60 cm and
30 cm. Diurnal magnetic variation was monitored using base
checks every 90-120 seconds.

Much of the survey was hampered by extremely large
diurnal magnetic fluctuations, ia-glgn great as 30 gammas
change per minute (see figure 2.1). In ordinary
:ir;u;t;:nz:;, the survey would have been abandoned, even

®though repeated base monitoring disclosed that the
variation occurred at a fairly constant rate that could be
compensated for if single sensor survey accuracy of plus or
minus four or five gammas was acceptable. Because 1iron
digtributiunji vhich ordinarily generate strong magnetic

-2
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fields, were to be assessed, this survey accuracy was .

deemed acceptable. Gradient data largely filtered out the

diurnal fluctuations, hovever, and in any case, very strict
time constraints dictated that the survey continue, 1f at

tic atormsa.

all possible, in spite of magnm
A total of six 10 x 15 m grids were eventually
completed. Probably the entire 30 x 40 m area Eﬂ?lﬂ have
Seen assayed had an untimely sensor cable breakage not
delayed the survey. The data from those six grids were
then entered and assessed using the Magnetic Data
Processing Package software on the base camp’s field

computer.

C. Results - Although fairly detailed observations
were made of the metal conteat of the survey area, only a
few firm correlstfons can be made between observed
anomalies and actual observed ::::1 scatters. An overall

assessment of the 30 x 40 a grid appears in figure 4.5 and

table 4.4.

D. Conclusion - At the ocutset, based on these
preliminary data, definite anomaly clusters are apparent in
certain parts of the survey area. 1In particular, these
clusters are prevalent in grid #5, well away from the area
vhere maximum barrel stave splintering took place. Based

either upon direct observation or inference Eh;augh anomaly
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Table 4.4

Anomaly Type

Dipolar

Dipolar

Diffuse Dipolar
Diffuse Dipolar
Monopvlar
Monopolar

Diffuse Monopolar
Monopolar

Dipolar

Suamary of magnetic anomalies and their
-possible sources at Investigator Beach.

Tin Can

‘Single Object

Metal Cluster
Metal Cluster
Metal Scatter
Metal Scatter
Metal Scatter
Metal Scatter

Single Object

111



112

analysis, most anomaly sources appear to be caused by
clusters of iron which generate a number of interacting
1

dipoles, which can be separately delineated by comparing

lover and gradient sensor data. Thus, weak monopolar

pieces of metal. These metal bits create dipolar anomaly
configurations that resemble a net positive or negative
field distortion at a one metre interval of assessment.
This appears to be the case {n anomalies F and G and
perhaps part efianagliy D. These anomalies may rapressut
areas of intense metal breaking, especially of "ein"
containers. Whether this metal breaking has bean ::u;Zd by
hu::; sction or some other set of forces can not be
determined from data at hand. Direct observation is
required.

Because ::jne;ic data vwere secured at a2 relatively

coarse interval, direct interpretation of many anomalies {ia

difficult., If continued research is to be carried out at

ﬁgfey Bay, on-site proceasing and plotting of data should

be instituted so that areas bearing magnetic anomalies can
be magnetically re-investigated at closer grid intervals.

In this way smaller pieces of metal suggestive of metal

hich

L]
3

vorking can be better discriminated for within areas

contain large pieces of metal.
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111. Conclusfon.

Archaeological resesrch on historic iitcl in North
Ameriéa currently places heavy emphasis on excavation of
not only major structures on s site, bpt also their
associated outfeatures. These outfeatures (pits, treaches,
nhea remains, refuse middens) provide a basis for
determining subtle .ociil pntéernl which wvere manifested by
the people recidfn; in the main structure and carryiag out
day to day activities. Thus, an archaeologist who intends
to pursue excavation of a site with an anthropological
perspective must investigate lesser archneolokical features
with as much concern as the main structural remnants.

Employing conventional testing techniques to search
for buried historic features is always a time consuming and
f requently ﬁnproductive endeavor. The magnetic technique,
however, by virtue of its fast and relatively effortless
means of acquiring field data, and the automated way 1in
which these data can be usefully displayed for
interpretattion, is far more amenable to current
archeeological exploratory needs than systematic probing,
trenching or test pitting. Using nagpetic data as a basis
for selectively exploring areas suggestive of cultural

“

features permits more time to be lpént conducting extcniive
investigations snd less time simply trying to find them.
In addition, though sometimes producing ambiguous results,

magnetometry does detect many archaeological festures



missed by sampling methods of other types which requirs
great effort and can therefore only be applied sparingly.
Finally, the magnetic method is non-destructive. On some
sites, particularly those which are specially landscaped
for public ionterpratation or are prone to visitation by
un::rﬁpulﬁui artifact collectors, exploratory &xcavations
may be undesirable. The magnetic technique enables

excavation to be minimized, or to be replaced by less

destructive intensive sasmpling techaiques such as probing.

Magnetic data retrieved from a survey of ano area can
often provide specific information about an object™or

feature other than its general location within that area.

At Mercy Bay the n:gngtaigtgr was particularly useful in

114

defining areas which harboured broken up metal. At this
site, a systematic survey using a metal detector would have

provide a reliable means of quantifying the amouat of metal
they are detecting. This was a limitation, which would

have rendered the quick visit to the site less useful.

The field interpretation experiment using the

icrocomputer demonstrated the uéility of such a systea
when a tactical magonetic survey is implemented.

nfortunately, it was d1fficult for data ﬁrn:éiling and

a

-

nterpretation to keep pace with the rapid acquisition of

data. ' Thii“pirtféﬁinr problem, which is endemic to surveys

on both historic and prehiastoric sites, will be dealt with



in the following,

final,

chapter.
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CHAPFTER V.

THE PRACTICAL VALUE OF MAGNETOMETRY

AS AR ARCHAEOLOGICAL TECHNIQUE

Hany archasologists are attracted to magnetometry
because it offers an opportunity to "map" the finvisible
sub-surface 0f an archaeclogical site. Archaeoclogists
fnvolved with magnetics concluded years ago that this vas
not a feasible expesctation. The methodological approach of
remote sensing may be useful in providing a general
assessment of the presence of cultural remains on a2 site
but implementation of a single remote sensing technique

urnish a detatiled cultural investory. 1In

[

will rarely

fact, results of this thesis research have shown that an

-
s
Lz
e
|
]
»]
-
L

logical problem involving magnetometry can most
successfully be investigated u;iﬁ; the combined
methodological approaches of remote sensing and
archaeology.

The examples in chapters three and four demonstrated a

¢ of problems to which magnetometry can be

e

wide

L]
™
[ ]

plied. Most of the applications concerned siample :

L
o)
™

ospection. Locating archaeological features helped

~
L
-

produce objective research designe for the excavatrtion of

sites. The key approach involved the use of locational

data to aygment mo conventional methods of archaeclogical

~y
L]

examination, in many cases making them more efficient.
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Magnetometry can potentially be used to identify some

eolog

[
It

rch cal features vithout excavation, but in many

cases magnetic data are so ambiguous that they cannat be
conclusively equated to anomaly signatures of any specific

What chapters three and four did not do was

demonstrate the practical problems which must be overcome

vhen a remote sensing technique such as magnetometry {s

applied to an archaeological site. The pragmatic aspects

of magnetometry such as the cost of a survey, the number of

Ly |

people it requires and how quickly {t can be done must be
known so that its advantages can be compared with more

traditional archaeological search techaniques.
A. Implementing Magnetic Survey

An archaeologist willing to use a magnetometer to
augment s research strategy must knov hovw easily the
technique can be implemented. GCathering field data is a
:iliiively simple operation which any individual with £ield
experience can easily master in only a few hours. The

ritical problem is data assimilation. As previously

\ﬂ.

explained, a large amount of data are recovered during any
magnetic survey. These data must be mapped or profiled to
be interpreted and the more data that are collected the

more unmanageable the task becomes, especially in a field
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situation.

To overcome this data i:n;;g!int problem 1 f1irst
turned to s university computer to manipulate and plot
magnetic data. This move greatly improved the speed with
which data could be interpreted, glt#augh the automated
procedure vas expensive and seriously degraded the
continuity of field work because of the dependency which
vas acquired for a remotely located computer facility.
These limitations also significantly hampered the
assesameént.

The maiof rame computer posed another problem which
limited 1its usefulness as a méeans of processing magnetic
data. When such facilities could be accessed, their
coumplexity of operation required that a ¢annidef;b1€
expertise in computer operation bde acquired before magnetic
data could be efficiently processed. The system vas
espacially intimidating to a person unfamiliar with its
operation. Tbgsff; novice could never be expected to use
the data processing system to analyze magnetic data, even
1f the person could sufficently master the techniques of
acquiriog them. Because of these {nadaquacies, tha
mainframe-based data processing system was abandonoed in
favour of a simpler microcomputer system which was

converted for operation in the field, complementing the

tactical strategy for magnetic surveying which was quickly
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being adopted.

to operate (even for a novice) and alvways accessible, makesy

it much easier for an archaeologist to gather magnetic data

and have them available in interpretable form. The system
also lessens the technical expertise required by an
archaeologist to successfully implement a large survey
without professional help by computer programmers and
operators.

If magnetic data can be successfully gathered,
processed and presented, the only technical aspect most
-tehigélﬁgilti will be unsure of is their faterpretation.
The mathematiecal knowlege required in interpreting ;p-
anomaly to determine vertical and horizontal location,
shape and composition can be quite intimidating. However, '
as previously stated, archaeological magnetic anomalies are
very rarely amenable to rigourous analytical treatment.
Beyond a rudimentary understanding of how and why magnetic

anomalies are produced on archaeologicsl sites, more

Il

comprehensive knovledge is rarely required to interpret
most sites, since ;hglcultur;lly derived sources are so
ambiguous in composition that beyond determining their
location little else can be stated. Once location of
features is known, archaeological testing methods can be

brought to bear which can very effectively examine them,

vithout resort to complex magnetic theory.

.
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This is not to say that interpretaton is alvays a
simple affair. Often features ocecur in great profusion on
a site, generating magnetic fields which iaterfere with one
another, producing anomalies which must §e closely Eil:iﬂ!é
to determine the nusber of sources and their actual
location. This may require some expertise on the part of
individuals experienced in interpreting magnetic anomalies
in archaeological contexts. The more complex a site i:,
the more diffiecult it will be to interpret and the more

parience an individusl will require to analyze the data

B. Time and Cost of Implémentatiocn

A ﬂig;iﬂg concern of many archaeologists is the time
that it takes for magnetic data to be acquired, interpreted
and applied to site investigation, and the cost such work
will entail. This is & legitimate concern which was
carefully addressed during the many surveys which wvere
carried out for this thesis. Although the rate of data
acquisition varied substantially with terrain, vegetation
cover and the magnetic environment, an average of two 20 m
square grids could be covered daily using a single
magnetometer to collect two magnetic readings per metre

interval. This represents about 1800 readings acquired in

roughly five hours, using an experienced crew of two. By



spending the rest of the day using a microcomputer to
analyze and plot data, analysis could keep pace with data
acquisition. Without the computer, an exra individual was
required to hand plot the data to keep the process current
with the survey. This represents a survey conducted using

a4 minimal investment in equipment and labour and 1is

probably the most efficient scheme of survey that can be
isplemented.

ati

e
[ ]
=]

Organ ns which conduct commercial magnetic
investigations can survey mors area per day (data
processing is done fé-acgiy) buz.gt a much higher cost.
The actual cost of the two man survey team per day 1is the
libagf expenss and equipment rental. High ggali:y proton
ii!ﬂ;tﬂlltet! can be rented on a monthly basis at about 102
of their cost, The instrument used for -agéraf the field
work in this thesis vas valued at $4000.00 and was rented
at between 5350 and 3500 per month. The minimal
microcomputer system capable of operating the Magnetic Data
Processing Package in the field is worth about $3500, or
$356_§§:,;§n:hg Equipment rental probably rsepresents s

small fraction of the cost of such a survey in comparison

Lad
o

salaries. Using two individusls at an average of 800
lqﬁiri m per day surveyed, in five days a large site (4000

square m) can be magdetically examined and the data

processed and ready for interpretsation. Assuming that

significant anomalies were {dentified, resurveyed and

ot
N
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tested using probes and test excavations, the rest of the
month could be spent in actual excavation of specific
features or areas designated on the basis of feature
locations. PFor an investment of approximately 5800.00 for
equipment rental, plus the initial five days labour for two
People, many archaeological sites can be assessed fairl
thoroughly and probably more effectively than by any other
site analysis technique. . The assessment {nformation can
then be used to design a full scale site investigation
using a larger crewv. This summarizes many of the results
that were achieved using magnetic Survey;ag on a number of ~
archaeological sites, both historic and pfghistaric, during
the course of the field work for this thesis.

If a very large site, or number of sites require
magnetic assessment, the optimal purvey scheme outlined
above may require modification. It may be advisable to
employ several magnetometers, including a stationary

magnetometer to monitor diurnal variation. Although this

does increase speed of data collection, the amount of
labour employed will be substantially increased, as well as
the quantity of data to be plotted and interpreted.

The most recently developed magnetometers are able to
ob;nin upper and lower measurements three times faster than
conventional single sensor magnetometers. Some of these
instruments also store the dual sensor data internally with

their associated station coordinates, eliminating the need
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for a second individual to record data. Data stored within
a microcomputer for immediate field processing (Scintrex
1982, per.aﬁ:l communication). With this type of
instrumentation available it is concievable that a very
large amount of magnetic data can be collected, processed
and interpreted in a single day. Magnetometers with these
capabilities, linked with a computer-based data handling
system could potentially assess many hundreds of thousands
of square metres of ground 1n a month, making it a very
attractive systemn for large archaeological projects, or
institutions which are responsible for provincial or state
cultural resource management pf;gt;is_ These types of
magnetometers are a V%f? recent innovation and have not
been applied to archaeological site analysias. Thus, they

ously

"
-~

require extensive field teating prior to being se:

coneidered as alternatives to more conventional equipment.
C. Magnetic Surveying and Archaeological Mathods
Although improved instrumentation can potentially

simplify the magnetometry technique to a point where most

archaeologists will feel confident in employing it in their

research, its ultimate value to the profession is dependent

upon how intelligently it is applied to specific

archaeological problems. It is at the point where
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technological presentajion must be shifted to methodological
]
interpretation that magnet

[

c surveying so often fails to
benefit archgeological research. This thesis has faeuiied
on attaining the shift from emphasis on geophysical
technique to archaeological method. During the course of
any magnetic survey on a site, archaeologists must :;Ee
this shift, even if they are not directly responsible for
acquiring and interpreting the data. In fact,
archaeologists who employ magnetic surveying techniques
must fé::iﬁ Eagﬁiggnt of all parts of the data gathering
and interpretation process if they are to ensure that their

specific research problems are properly being addressed.

"Only an individual trained as an archaeologist can

successfully e;fry the results of archaeological magnetic
surveys to the point where the data can be used to say
something about the people who originally occupled a site.
This expertise alone will determine 1f a magnetic survey is
feasible, how it will be carried out, and to what purpose

it will serve.

,;ﬁg
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APPENDIX A

MAGNETIC DATA PROCESSING PACKAGE (MDPP)

The followiag tables present a summary of the purposes
and capabilities of the programs written to aid in the
interpretation of magnetic data from archasological sites.
All programs are designed as stand-alone procedures in that
they are executed singly as they are required by the user,
No program must be executed to call another. However, most

require that data be input from a specially formatted disc
file created by the DATA* program. The hardvare

requirements to run them are as.follows:

48K Apple II+ computer with Applesoft in ROM
Disc II with DOS 3.3

Silentype thermal printer

If another type of printer is used, the Pﬂbfi program will
probably not be abie to provide a2 hard copy of plots that
are drawn; they will have to be saved on disc and then
manually trensferred to hard copy. The STATS* program may
also produce unpredictable results.

Currentl}, ell programs in this package can accomodate

data from a 20 unit square grid at intervals of 1 unit.

141



142

Thus, A‘I,Stiﬁiﬁﬁi can be sccomodated by each program at

two sensor positions. This means that that a maximum of

882 magnetic measurements can be computed at one time.

L]

Lo
B
Lo

arvales greater or less than one unit may be specified,
but this does not change the maximum number of stations
that can be computed. In the examples belowv, all execution

2 1 unit inaterval, and the entire grid, rather than

"

a
portions of {t, was assessed,

Most programs that were written by the author have
been compiled into machine code using a commercially
available compiler softvare package called EXPEDITER II

(Einstein and Goodrow 198l), marketed by On-Line Systems,

-

Cairiigéld, Ca. The primary purpose of the compilation {is

to speed up execution time.



PROGRAM

LANGUAGE

PURPOSE

INPUT -

OUTPUT

EXECUTION

PROPRIETOR-~

PROGRAM

LANGUAGE

PURPOSE

INPUT

OUTPUT

EXECUTION

PROPRIETOR-

PROGRAN

LANGUAGE

PURPOSE

" INPUT -

OUTPUT

EXECUTION

PROPRIETOR-
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DATA*
Applesoft BASIC

Create and edig data files for other
MDPP prograas ’
Keyboard, disc

Screen, printer, disc

Loading data = 20 seconds;
Keyboard entry = 30 minutes
T.H. Gibson

STATS®
Compiled Applesoft BASIC

Statistical summary of partial or whole
data file
Disc

Screen, printer,.disc

Loading data = 20 seconds;
Calculating and printing = 200 seconds
T.H. Gibson

PLOT*
Compiled Applesoft BASIC

Post values and/or contour all or part
of a data file :
Disc

Screen, printer, disc

Loading = 20 seconds; '

Plotting = 285 seconds (21 contaurs) . A
T.H. Gibson CL



PROGRANM - FILT®

LANGUAGE -~ Compiled Applesoft BASIC

PURPOSE = Selectively filter all or part of
a data file

INPUT - Pisc

OUTPUT - Screen, printer, diac

EXECUTION -  Loading = 20 secomds;
Filtering = 10 seconds

PROPRIETOR~ T.H. Gibson
Recommended Ancillary Softvare

PROGRAM - APPLE PLOT

LANGUAGE = Applesoft BASIC

PURPOSE = Create histograms and profiles of
magnetic profile data

INPUT - Keyboard, disc

OUTPUT - .Screen, printer, disc

EXECUTION - Depends on profile length (maximum .

100 points = 20-40 seconds)
PROPRIETOR- Apple Computer Inc., Cupertino,
California

Copies of the softvare in which the author i»s
proprietor can be obtained on disc (APPLE DOS 3.3) from
Norman Zierhuit Library, Department of Anthropology,

Univarsity of Alberta. With the exception of the DATA*

program, only compiled code is available. For program

documentation and access to source code, contact the
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the

author, care of the Department of Anthropology, University

of Alberta, Edmonton, Alberta.



See the accompanying map (figure B.1) for the general

location of each site.
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SUNMARY OF SITES PROVIDING DATA FOR THIS THESIS
Map Loc:li:y Typae Prav. lS:-te Reference
A Canniagton hist S. Eastern Gibson 1978
Manor Saskatchewan
B Strathcona preh Central Gibson 1979,
Albertca Pollock 1980
C Fort hist E. Central Losey 1979
George Alberts
D Caribou preh E. Central Schnurrenberger’
. ~ Island Alberta and Gibson 1980
E Timlin preh K. Central Bryan et al 1980
New York
F Mungungun preh Northern Bonnichsen et
Lake Maine al 1981
G Fort hist 'S. Yukon Pollock 1980
Selkirk Territory
H Forty hist C. Yukon Pollock 1980
Mile ) Territory
1 Dickey- preh Rorthern Nicholas et al
Lincoln Maine 1981
J Souris hist S5, Western Hamilton 1982
Mouth Manitoba
K Delorme hist Southern McLeod 1981
Manitoba
L Child’s preh W. Central Badertscher
Lake Manitoba 1982 M
M Me rcy hist N. Banks Hickey 1981
Bay Island, NWT, -
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