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EXPLORATION TECHNOLOGY DEVELOPMENT FUND

Final Research Report 

Foreword

The Exploration Technology Development Program was created 
in the Fall of 1981 as part of the Ontario Government's Board 
of Industrial Leadership and Development program to assist in 
areas of mineral exploration and research. The intention of this 
program is to encourage the advancement of exploration geophysics 
and geochemistry through mission-oriented joint ventures with 
industry.

It is the intent of this Program to finance 60 percent of 
approved project activities to a maximum government contribution 
of n50,OOOXyear.

A requirement of the Exploration Technology Development 
Program is that grant recipients submit a final report concerning 
project activities while receiving a grant. A final report is 
defined as a comprehensive summary stating the findings obtained 
during the tenure of the grant, together with supporting data.

It is not the intent of the Ontario Geological Survey to 
formally publish the final reports for wide distribution but rather 
to encourage the recipients of grants to seek publication in 
appropriate scientific journals whenever possible. The Survey, 
however, also has an obligation to ensure that the results of the 
research are made available to the public at an early date. 
Although final reports are the property of the applicants and the 
sponsoring agencies, they may also be placed on open file. This 
report is intended to meet this obligation.

No attempt has been made to edit the report, the technical 
content of ' which is entirely the responsibility of the authors.

V.G. Milne
Director
Ontario Geological Survey.
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GRANT 009 HIGH SENSITIVITY PORTABLE/BASE STATION 

MAGNETOMETER BASED ON OVERHAUSER EFFECT

I. HRVOIC

GEM SYSTEMS, INC., TORONTO, ONTARIO

ABSTRACT

Overhauser Effect allows for increased proton polarization via nonlinear RF 

pumping and at substantial savings of power and time in comparison to classical 

proton precession magnetometers. Microprocessor controlled portable/base 

station magnetometer Model GSM-10 based on Overhauser Effect has been designed 

to have true 0.1 gamma resolution and repeatability with 0.5 litre sensor 

volume and few Ws per reading, non-volatile memory for data storage, digital 
output to drive a printer or a computer compatible interface. The same 

magnetometer can operate as either a base station or a mobile unit. Two units 
allow for synchronized surveys and automatic corrections of diurnal variations. 

The miniature magnetometer weighs only 4.5 kg. complete with sensor, staff 

and console with batteries. Special sensor has been constructed and tested. 
Strong Overhauser effect based signal is generated using local RF generator 

and a software generated sequence of pulses. Steady RF polarization allows 
for increased rate of generating the proton precession signal. A high 

stability temperature compensated frequency source is incrementing the 
counter whose status is latched in synchro with the precession frequency 

zero crossings. The timing information is stored and used for calculation 

of an average period of the precession frequency followed by a reciprocation 
and conversion into units of magnetic field.

Very compact design allows for storage of up to about 8,000 readings in the 

portable mode or about 22,000 readings in the base station mode. Full data 

labelling with an octant of directions, precise timing of readings, scanning 

of accumulated data, nonvolatile memory and many other features make the GSM-10 

one of the most advanced and sophisticated portable magnetometers presently 

available. The magnetometer will be manufactured under a license by Canadian 

Patents and Development Ltd. (Hrv-on'c et al 1976).

Manuscript approved for publication by R.B. Barlow, Section Chief, Geophysics/
Geochemistry Section, March, 1984.
This report is published by permission of V.G. Milne, Director, Ontario
Geological Survey.
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l. INTRODUCTION

Overhauser Effect or Dynamic Polarization (Abragam 1961, Schumacher 1970) 
is a term used for polarization of proton - rich sample via an RF 
saturation of electron spin resonance lines of free electrons introduced 
into the liquid by a small amount of so called "free radical." The 
polarization is much superior to a classical DC polarization used in 
proton precession magnetometers and much less power consuming. Measure 
ment rate is potentially higher since the polarization and frequency 
determination can be concurrent. Other characteristics of the proton 
precession method of Earth's field measurement are unchanged, most 
important being an absolute accuracy of 0.5 gamma and repeatability 
better than 0.1 gamma depending on the sensor size, electronic circuitry 
etc.

Overhauser Effect applied to proton magnetic resonance can lead to a 
variety of precision Earth's field measurements. One of the attractive 
instruments in this domain is a portableybase station magnetometer where 
small size, weight, low power consumption, high absolute accuracy, ease 
and speed of operation are at premium. Combined with CMOS low power 
microprocessor and a sufficient memory for full day operation and 
computer compatibility, the magnetometer becomes a powerful tool in 
mineral/oil exploration, monitoring of temporal activities, archaeo 
logical research, earthquake prediction, weapons detection, etc.

2. METHOD OF MEASUREMENT

GEM Systems magnetometer/base station Model GSM-10 uses a nitroxide 
free radical 2,2,4,4, tetramethyl . oxazolidine-3-oxyl (licensed by 
Canadian Patents and Development Ltd.) in a solvent such as methanol, 
dimethoxyethane or other. Specially prepared sensor serves as an RF 
resonator allowing for saturating one of the electron spin spectral 
lines of the free radical. Under conditions of saturation the increase 
in proton polarization is of the order of several thousand.
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Pulsed method is used to deflect the increased proton magnetization into 
the plane of precession perpendicular to the direction of magnetic field 
to be measured. The pulse is a 90 0 or-^/2 pulse of submilisecond duration. 
A pair of coaxial LF coils serves for deflection and pick-up of the proton 
precession signal.

The precession signal is amplified, band-pass filtered and shaped into a 
series of narrow pulses coinciding with the precession frequency zero 
crossings. Average period of the precession frequency is determined 
by means of a high frequency binary counter counting a stable reference 
frequency.

Contents of the counter stages, are latched synchronously with the zero 
crossings of the precession frequency, and time intervals thus obtained 
are stored into the memory. Average period is then converted into frequency 
and further into measured magnetic field (precession frequency is strictly 
proportional to the applied magnetic field). RCA microprocessor COP 1806 
controls the measuring sequence, signal monitoring and diagnostics, storage 
of the results of measurement in CMOS nonvolatile memory, transfer of data 
to and from peripherals, and communication with operator via keyboard. 
Custom made LCD display helps monitor operation of the instrument which 
will allow for storage of labels, scanning of memory, input from other 
units and automatic correction of diurnal variations, output to printers, 
cassette tape drives or computers. Each magnetometer can be easily 
converted into the base station with three second minimum readings interval, 
sufficient to support ground or airborne surveys.

3. INSTRUMENT ORGANIZATION

Block schematic of the GSM-10 magnetometer is shown in Figure 3.1. 
Special sensor/RF resonator contains an appropriate proton rich liquids 
with traces of the free radical supplying free electrons. RF power source 
of few watts is used to irradiate the sensor and saturate electron 
resonance lines, thus boosting proton magnetic polarization by several
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thousand. Low frequency deflection/pick-up coils (two in opposition) and 
a low frequency amplifier with tuning and relay complete essential parts 
to produce proton precession signals of sufficient S/N ratio to allow 
for 0.1 gamma (2ppm) resolution. The rest of the circuitry is a micro 
computer with its CPU, memory and I/O circutry. The RCA COP 1806 is 
used at 2MHZ clock speed. The high stability frequency source serves as 
both clock and timer reference. Its stability is better than l ppm over 
temperature range and over one year time.

Memory boards (16 k bytes each) are battery backed.Special keyboard and a 
display allow for an effective communication between operator and the 
magnetometer. The keyboard has three modes of operation - red, blue and 
numerical (figure 3.2) allowing for entering a number of functions such 
as: Full label with line and station and directions, label increment 
between stations, time and time increment (synchronized readings between 
base and mobile mag are customary), date, minimum allowed decay time of 
the precession signal, tuning range, test of battery voltage, polarization 
current, display, available number of readings, etc. Mode of operation 
(base or mobile) is key selectable, as is reset of the memory, scanning 
through collected data by using SCAN, FIND and ADDRESS functions. Status 
of the instrument and confirmation of the keyboard entries is shown on a 
special display having eight digits and thirty-one special anunciators 
and signs (Figure 3.3). Reduction of data can be done by connecting 
mobile and base mags together by a special cable. Printing out original 
or reduced data is a matter of few keystrokes. The printout contains 
two analog traces with fine and coarse scales. The GSM-10 drives a simple 
interface providing GPIB part to tie to commercially available computers 
such as HP-85, Lamontagne Geophysics GFC-1 and others.

4. OPERATING MODES

The GSM-10 has two basic modes of operation:
a) Base Station

In this mode the magnetometer is presumed to operate at one place 
recording the time variations (diurnals) of magnetic field.
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A label (8 digits) and the date are entered before the operation of the 
instrument starts. The time of day is set precisely along with the 
increment of time between the readings. Only the time of reading and 
magnetic field are recorded in this mode allowing for about 7,300 
readings with normal memory capacity (16 k bytes) and 22,000 with the 
maximum memory capacity (48 k bytes). The base station will operate 
until the available memory is filled with data, or battery voltage 
drops below prescribed value.

b) Mobile Field Unit
When used as a mobile unit the GSM-10 allows for time synchronization 
with the base station and (if desired) readings can be taken exactly 
in step with the base station readings. The operator thus does not 
have to care about the precise time of the reading; instead the 
instrument will wait and take the reading at the proper time (say 
each three seconds if both the mobile and base station units are set 
to this interval). This feature allows precise diurnal corrections 
even during strong magnetic storms since no interpolation is necessary.

The operator can further enter the full label (line and station numbers 
and the octant of directions), and label interval (station interval), 
to be automatically updated from reading to reading. After this, the 
data collection consists of moving to a new station and pressing a 
READ button. If the operator is not satisfied he can reject the reading 
and repeat the measurement. A change of label or label increment is 
allowed at any time.

Data, in the form of label, time, magnetic field and error code are 
stored into a nonvolatile memory and fully protected against over 
writing or erasure. At any time during the survey the operator can 
scan through collected data using SCAN function and setting a SCAN 
INCREMENT to a negative number to go backwards through the data or 
a positive number to go forwards. Any step, from  1 to   99 is allowed,
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When scanning, the operator can select the labels, times or magnetic 
fields to be displayed, the other two parameters being readily displayable 
at a press of the proper button. To return to the on line readings the 
CLEAR button is pressed and the survey can continue immediately.

At any time a particular label, time of reading or magnetic field can be 
located by using a FIND function. The GSM-10 has a thirty-seven pin bus 
(Figure 2) to communicate with various peripherals, special cable makes it 
compatible with the Epson type printer. Any stored data can be printed. 
In base station mode the printout will show times of reading, magnetic 
field, first difference, base correction and the error code. Approximately 
fifty percent of the printer scale is used for two analogue traces of  4 nT 
and   80 nT full scale. In field mode the format is different. It will 
show full label, time of reading, uncorrected magnetic field, base correction 
(if available), corrected field (if reduction has been done previously), 
first difference and error code. Again, about fifty percent of the paper 
is used for a two scale analogue record of corrected (if corrected) or raw 
data.

Neither reduction of data nor printouts will destroy original data. Only 
deliberate memory reset will. A safeguard is a special code preventing 
tampering with the data. The magnetometer has a concealed ON OFF switch. 
When switched off, the synchronization or real time will be lost. 
Disconnecting the sensor will only reset the microprocessor and somewhat 
reduce the power consumption.

5. SPECIFICATIONS

Resolution: 0.1 gamma
Accuracy: 0.5 gamma over operating range
Range: 20,000 to 100,000 ganrcs , 23 overlapping steps,

automatic tuning, manual initial set-up. 
Gradient Tolerance: up to 5,000 gamma/metre
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Operating Modes: (all are keyboard selectable)

Field unit : Memorizes full label, time of reading and magnetic
field, automatic label increment, automatic cycling time of
reading to coincide with base station timing. Error code for poor
quality of reading. Allows for field data scanning.
Storage capacity: 2,700 reading, 5,350 or 8,000 optional.
Base station: Stores time and magnetic field. Preset operating
interval from three seconds to one hour, error code for poor
quality of reading
Storage capacity: 7,300 reading, 14,700 or 22,000 optional. 

Playback: Automatic correction of field data for diurnal variation.
Printouts or storage on cassette tape of: Label, time, error
code, original data, first difference, base correction and
corrected data.
Printout of label based profiles. 

Input/Output: 37 pin parallel output provides for base station - field
unit - printer/cassette tape/computer interface mating
Precession frequency available for telemetering 

Power requirements:12V 120mA, 15 mA standby
Power source: Internal 12 V 2.2 Ah Rechargeable NiCd batteries,
others optional.
Battery charger: 110/220 V 50/60 Hz output
0.22/0.5A (constant current, selectable)
14 - 20 V

Operating temperature: -40 C to +60 C 
Dimensions: Console - 10x16x21 cm

Sensor Staff - 4 sections 45 cm (18") each 
Weight: 4.5 kg total (console with batteries, sensor, staff)



6. RESULTS AND CONCLUSIONS

The GSM-10 magnetometer is a very suitable tool for high sensitivity 
ground magnetic surveys and a support for high sensitivity airborne 
surveys in the form of a base station. Described features of the 
GSM-10 make it very versatile, flexible and efficient in the field use,

Besides true 0.1 gamma sensitivity and long term repeatability it 
acts as a true field note book. It monitors its own operations 
and warns the operator should any of the monitored parameters 
fall outside of the prescribed limits. Automatic diurnal corrections 
and computer compatibility are other major features of the GSM-10.

The goals of the development have mostly been achieved or exceeded, 
with the exception of the speed of the operation of the instrument. 
It can now read once per three seconds, sufficient for most ground 
surveys as well as airborne base station operations. The speed of 
reading will be optimized in the future. We expect one reading per 
second to be realistic goal under the circumstances. The results 
of the development will be published after the optimization of the 
speed has been done.
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