




















































































































































































































































































































































































































































































































Samples were kept at the maximum temperature for 2

minutes and a TRM created in them five times.

11.3.1 Results.

The individual TRM/NRM values (Table 11.3)
obtained by curve extrapolation have been averaged to
determine the historic field. Discrepancies exist
between cores within the same flow which reflect the
inhomogenousness of the sample and their different
patterns of thermal alteration. Tanguy dealt with
samples which gave too high or too low a value for the
field by discarding them. All results are shown
(Figures 11.5 & 11.6) but those which deviated from the
mean by a factor of 2 were not included in the
determination of the secular variation curve.
Consequently results such as that for 1798 were
considered marginal and are given in Table 11.3
but are not included in the least squares fit for thé
Canary Islands results.

It can be seen that the overall values show
good agreement with those expected for the period of
around 40 - S50pT (Gubbins, 1989). Comparison with

results of other workers are given in chapter 13.
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Table 11.3 Tangquy technique results from the spinner.

Year TRM
NRM
a) Canaries.
1971/1 1.36
1.61
1971/2 0.98
1949 0.86
1.34
1909 1.35
1824 1.15
1798 0.78
0.60
1730 1.40
1712 0.85
1.42
1706 1.19
1705 1.67
2.11
1704 1.68
1.09
1677 1.41
1.15
1646 1.16
1.65
1585/1 1.15
1.86
1585/2 1.42
1.39
1470TN 0.62
0.65
1470LP 0.99
1.69

b) Vesuvius.

1944 1.31
1929 1.10
1906 1.29
1895 1.28
1891 1.15
1886 1.72
1871 1.39
1867 1.70
1858 0.97
1850 1.16
1847 1.05
1834 0.91
1822 1.14
1804 1.19
1794 0.88
1767 1.36
1760 0.95
1754 0.85
1737 1.00
1697 0.91

1.12

+/=

0.07
0.15
0.09
0.14
0.14
0.21
0.14
0.02
0.51
0.13
0.62
0.34
0.62
0.17
0.23
0.52
0.13
0.08
0.04
0.18
0.02
0.27
0.22
0.04
0.07
0.15
0.04
0.16
0.14

0.01
0.02
0.08
0.25
0.02
0.44
0.04
0.14
0.14
0.13
0.03
0.06
0.22
0.05
0.02
0.04
0.08
0.06
0.00
0.06
0.03

TRM
NRM

1.68
1.03
1.33
0.79
1.21
0.95
0.79
0.61
1.33
1.29
1.78
1.05
0.78
0.76
1.15
1.25
1.13
1.91
1.34
1.29
1.16
1.35
0.68
0.61
1.67
1.04

1.23
1.04
1.37
1.08
1.16
1.39
1.24
1.16
2.02
1.32
1.15
1.09
1.00
0.95
1.34
1.17
1.54
0.89
1.47
1.41

+/=

0.08
0.06
0.10
0.03
0.03
0.02
0.03
0.28
0.01
0.17
0.13
0.24
0.07
0.06
0.30
0.10
0.04
0.08
0.03
0.27
0.30
0.10
0.16
0.05
0.17
0.27

0.04
0.04
0.05
0.08
0.06
0.27
0.02
0.14
0.04
0.14
0.03
0.15
0.03
0.02
0.05
0.06
0.02
0.01
0.02
0.14
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TRM
NRM

1.22

1.18
1.21
0.96
0.64

1.09
1.19
1.78

0.93

1.40

1.42

1.70

1.34

0.66

0.87

1.41
1.43
1.26
1,10
1.20
1.25
0.96
1,15
1,07
0.96
1.27
1.04
1.35
1.21
1.69

1.00

+/-

Fa +/-
(pT)



Fa(uT)

Figure 11.5 Variation of intensity for the Canaries

found using the Tanguy technique on the spinner.
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Figure 11.6 Variation of intensity for Vesuvius found

using the Tanguy technique on the spinner.
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11.4 The Tanguy technique and SQUID magnetometer.

The Tanguy technique was applied using the
SQUID magnetometer and modified to incorporate lessons
learnt from its application using the Spinner
Magnetometer. It was decided to make best use of the
SQUID's rapid heating and forced cooling facilities to
induce only small amounts of alteration in order that
the large changes in magnetic moment seen in the
earlier studies could be avoided or reduced.

Measuring procedures were identical to those
used for the spinner. The programme used, "TAN103", is
listed in the appendix. However, the limit of one
sample per run meant that it took three hours per
sample on the SQUID as opposed to fifteen samples in
eight hours on the spinner.

Interference from external radio noise once
again proved to be a major problem. The first
measurement sequence, to obtain the NRM, was of
particular importance. Thus, where possible, results
were checked visually during the early stages to ensure
that the NRM value reflected a genuine measurement. 1If
not, the run was terminated. The results were
determined by the analysis of five TRM values acquired

from the SQUID's sixX measurement sequence,
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11.4.1 Results.

The results (Table 11.4) were used to draw
the secular variation curves with least squares line-
fits (Figures 11.6 & 11.7). They show a good level of
agreement with the expected values for the period 1400

to 2000 A.D. (40 — 50uT).

11.4.2 Conclusions.

Tanguy's technique gave results for samples
that the Thellier and to a lesser extent the Boyd
methods had previously found unsuitable. With further
development, sample NRM cleaning for example, the
technique will become a valuable additional device for
the extraction of palaeointensity data. Cleaning the
NRM will be of greater benefit on older samples since
they are more likely to have a CRM, VRM or IRM which
will make them unusable for a pure Tanguy run. Spinher

and SQUID results are contrasted in Chapter 13.
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Table 11.4 Tanguy technique results from the SQUID.

Year

TRM
NRM

a) Canaries.

1971
1971/2
1949
1909/1
1909/2
1824
1798
1730
1712
1706
1705
1704
1677
1646/1
1646/2
1585/1
1585/2
1470TN
1470LP

1.05
2.03
0.79
0.77
1.08
2.07
0.80
1.00
2.10
1.94
1.06
2.14
1.48
1.06
0.89
1.23
1.26
0.95
1.32

b) Vesuvius.

1944
1929
1906
1895
1891
1886
1871/1
1871/2
1867
1858
1850
1847
1834
1822
1804
1767
1760
1754
1737
1697

0.93
1.18
0.88
0.89
1.11
0.63
1.13
0.93
1.20
1.15
1.25
0.70
1.02
1.02
0.90
1.06
1.07
1.11
0.95
0.87

+/-

0.02
0.03
0.04
0.04
0.43
0.01
0.05
0.07
0.08
0.07
0.01
0.35
0.09
0.15
0.11
0.06
0.25
0.09
0.22
0.04

TRM
NRM

1.87
1.13
1.15
0.70
1.71
0.91
0.82
0.81
0.91
1.21
1.17
1,25
0.96
1.15

1.84

0.86
1,07
1.02
0.98
1.49
1.67
1.46
0.94
1.03
1.32
1.07
0.89
0.85
1.44
1.17
0.88
1.63
0.91
2.69
1.01

+/-

0.03
0.15
0.03
0.02
0.14
0.00
0.00
0.17
0.02
0.15
0.00
0.04
0.02
0.01

0.01

0.01
0.10
0.13
0.03
0.05
0.05
0.24
0.02
0.04
0.09
0.03
0.01
0.03
0.07
0.08
0.01
0.30
0.06
0.87
0.01
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TRM
NRM

l1.64
1.43

0.89
1.90
0.62
1.16
1.00
1.61
1.53
0.97
1.13

1.34

1.04
0.90
0.91
0.96
0.77
0.92
1.25
0.94
0.83
1.17
0.78
1.01
1.12
1,29
1.01
0.80
0.86
1.00
0.87

+/-

0.00
0.00

0.01
0.19
0.01
0.02
0.00
0.26
0.04
0.03
0.01

0.01

0.05
0.07
0.00
0.17
0.02
0.04
0.01
0.13
0.04
1.31
0.01
0.05
0.05
0.10
0.07
0.04
0.02
0.02
0.06

Fa
(pT)

32.90
32.60
63.30
52.00
56.10
26.50
64.90
50.00
36.80
40.00
41.60
29.70
36.20
45.50
56.00
45.50
41.60
52.60
33.30

53.20
47.60
53.70
53.10
44.60
46.70
39.00
53.20
49.00
40.40
43.00
63.00
52.00
42.00
44.60
51.00
43.10
52.00
51.30
54.30

+/-

7.350
7.500
10,00
10.00
9.500
2.000
9.500
1.000
14.50
16.00
10.00
8.200
4.000
5.000
20.70
5.000
2.000
1,000
6.000

4.00
5.00
4.00
3.00
13.0
18.0
4.00
1.00
8.00
4.00
4.00
7.00
5.00
5.00
5.00
5.00
12.5
6.00
2.00
4.00
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Figure 11.7 Variation of intensity for the Canaries
found using the Tanguy technique on the SQUID.
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Figure 11.8 Variation of intensity for Vesuvius found

using the Tanguy technique on the SQUID.
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Chapter 12.

The effect of cooling rate on magnetisation.

Historic field strength determinations using
Tanguy's method showed a consistent offset between the
results of SQUID and spinner magnetometers. The reason
appeared to be the difference in cooling rates of the
two systems. The SQUID used compressed air to cool
samples from 700°C to 20°C in 8 minutes, while the
oven, used in conjunction with the spinner, took 35-40
minutes to do the same. An investigation was therefore
designed to consider the correlation between the ratio
of single to multi-domain grains and the TRM resulting

from fast and slow cooling rates.

12.1 Theoretical background.

The relationships between TRM, NRM, the
ancient field intensity (Fa) and laboratory field (Fl)
is explained in Chapter 9. Briefly, providing that the
sample does not suffer from alteration and the
laboratory field is small, say 100mT, then:

Fa = NRM * Fl

TRM

Thus, if the resultant TRM's from cooling are

less than they should be, an over estimate of the

ancient field strength will result. Fox & Aitken(1980)
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found an increase in pottery magnetisation of 10~-20%
when cooled over 7 hours rather than the normal 30
minutes. Work by Dodson & McClelland-Brown (1980) on
cooling rate and magnetic blocking temperatures found a
magnetisation "increase of a few percent for each order
of magnitude decrease in cooling rate" for single
domain magnetite and haematite.

The blocking temperature (Tb) is the most
important factor in determining the samples
magnetisation when cooling. O'Reilly (1984) states
that "The effect of a decreased cooling rate or an
increased field is to lower Tb". Thus a difference in
cooling rate between systems will produce offset
results. A single domain material cooled slowly
acquires a larger magnetic moment due to a greater
fractional alignment of the magnetic moments within the
sample. Changes in the magnetisation of single domain
grains have a relatively large effect on sample moments
since their magnetisation is large. Cooling multi-
domain material more slowly provides a greater
opportunity for thermal agitation to promote the
population of the lowest energy state and thus the
external magnetic field, and hence TRM's are reduced.
In-depth references are available which explain the
numerical interdependence of magnetic moment and
cooling rate (eg. Williams, 1986; Halgedahl et al.,

1980).

172



12.2 Technique of investigation.

The SQUID magnetometer's ability to run
independently of an operator over long periods made it
the ideal instrument for cooling rate effect
determinations. To this end it was programmed for the
following order of operation:

1. moment measured at 100°C,

2. sample heated to 650°C,

3. 50mT field applied,

4. sample rapidly cooled to 100°C,

5. moment measured (alteration check),

6. sample heated to 6509°C,

7. 50mT field applied,

8. sample cooled at rate R1 to 100°C,

9. moment measured,

10. repeated with logarithmically increasing

cooling rate R1.

A series of values for the sample's magnetic
moment for successively longer cooling periods were
obtained from the procedure outlined above. SQUID
magnetometer programming allowed for cooling periods of
between 30 minutes and 16 hours. An initial cooling
rate was calculated from a value supplied by the
operator, the optimum value to be determined after the
jnitial trial period. (Further details of programming

can be found in the appendix "FO0X223"),
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The effects of alteration during these
experiments were measured by means of a rapid cool
cycle inserted between each long cool cycle. This
rapid cooling cycle provided a control value against
which the true moment change could be determined,.
Alteration, which affects the value of the samples
moment after a long cooling, will have a similar affect
on the following rapid cool cycle. This format does
not exclude errors due to alteration but provides a
method of normalisation without over complication.

Thus the results were processed as follows:

moment after slow cool 1 for time Ti

Ml

ml moment after ensuing 8 minute rapid cool

Pl = (M1 - ml1)*100 = percentage change
ml in magnetic moment

12.3 Experimental procedure.

The SQUID magnetometer had the ideal control
system for the experimental work necessary but not the
required reliability. It proved to be impossible to
complete a full sample run without oven failure and as
a result considerable time was spent redesigning the
SQUID oven (Chapter 8). Consequently only a small

number of results were obtained.
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12.4 Results‘of cooling rate experiments.

The results are given in Table 12.1. The
incomplete appearance reflects the developmental nature

of the work and the reliability problems.

Table 12.1 Percentage change in magnetic moment,

Cooling time in minutes.

Year 32 62 86 107 122 213 243 484 740 966
1470 -11 * * -9 * * * * * *
1585 * 18  * * * * 7 12 10 *
1585 * 5 * * * x 8 5 x x
1585 16 -14 * * * x x * *
1697 * -33 * x * -34 % x -13 x
1704 10 12 * * 4 * 21 * * *
1754 * 11 * * 14 * 3 2 x x
1760 _20 13 x * _13 *x * e * *
1822 * 14 * * * * 8 * * 8
1886 36 * 9  * x x « .« ox .
1891 11 * x * x 3 * * * *
TEST * -6 * * * -1 x * .

The results show a mixed reaction to an
increased cooling period reflecting the conflicting
effects of increasing the cooling time on single and
.multi—domain grains. In 3 of the 12 samples a stable
decrease in moment resulted from slower cooling (up to
34% less for 1697) over the moment acquired during
rapid cooling (Figure 12.1). Two cases showed mixed
behaviour in which the change in magnetic moment varied
from increase to decrease over the course of the
experiment. The remaining 7 samples show a moment

jncrease with increased cooling time. A curve showing
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Figure 12.1 Effect of increased cooling time on

samples from 1760, 1697 and 158&5.
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all the results has a logarithmic regression fit
(Figure 12.2). Note that the average difference found
between samples cooled over 32 minutes as opposed to 8
minutes was +7%, approximately the difference between

two Tanguy result sets which initiated the

investigation.
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Figure 12.2 Overall % change in moment.

12.5 Discussion and Conclusions.

Despite an unreliable magnetometer the
results indicate that it is not possible to use a
single overall correction for all samples. Neither is
it possible to apply a single correction to samples
from the same lava, as shown by the 1585 samples
(Chapter 14). This reflects the between and within

flow variations in magnetic domain state.
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Chapter 13.

Secular variation summary

One of the main project aims was the
aquisition of secular variation data for the sampled
areas. This chapter contains a summary of the data
acquired and a review of sample magnetic mineralogy

since data validity depends ultimately on that

mineralogy. Results from other workers are included to
provide a framework against which the accuracy of

results may be considered.

13.1 Magnetic mineralogy and sample pre-selection.

Samples from each of the 35 dated lava flows

were subjected to a series of magnetic mineralogy tests
(Chapters 4, 5 and 6). Each test provided information
on a particular aspect of the sample. When compiled
(Table 13.1) the variety of sample types present
becomes apparent and provides an overview which may be

used for the pre—selection of both materials and

analytical techniques.

13.1.1 Canary Islands magnetic mineralogy.

samples from the Canary Islands show a very

mixed set of magnetic mineral characteristics and
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Table 13.1 Overall rock magnetism results.

a) Canary Islands.

Year SD/MD -—-—-—- Curie --===- Lt Sus Ht Sus
of flow ratio temp <class altn group group
1971 0.14 185 2 a 1 MD
1949 0.07 560 4 3/1 MD
1909 0.33 300 2 b 1 MD/sd
1824 0.23 160 1 b 1 MD
1798 0.16 180/520 5 b 1 MD
1730 1.94 550 3 c 2/1 QSD
1712 0.07 235/545 5 b 1 MD
1706 0.05 550 3 a 3 MD
1705 0.07 545 3 a 3 MD
1704 0.15 200/525 2a / 5a 1 MD
1677 0.28 565 3 a 1 MD
1646 0.10 530 3a / 5b 1 MD
1585 0.18 545 4 1 MD
1470T 0.20 585 3 a 3 ——
1470LP 0.28 520 3 a 3 QSD/MD
b) Mount Vesuvius.

Year SD/MD ==——- Curie -—=-- Lt Sus Ht Sus
of flow ratio temp class altn group group
1944 0.38 570 3 c 3/2 MD/sd
1929 0.21 525 3 c 1/3 MD/sd
1906 0.24 550 3 a 3 MD/s=sd
1895 0.06 570 3 a 3/1 MD
1891 0.21 500 3 b 1/3 MD/sd
1886 0.59 570 3 b 3 QSD/MD
1871 0.26 570 3 a 3/1 MD/sd
1867 0.30 470 3 a 3 SD
1858 0.37 320/600 5 a 1 MD
1850 0.38 580 250 3a / 2a 3/1 QSD/MD
1847 0.29 565 3 c 3/1 MD
1834 0.25 550 3 c 2/1 MD
1822 0.21 570 3 a 1 MD/sd
1804 0.29 300/500 5 b 1 MD
1794 0.38 575 3 b 2 MD/sd
1767 0.81 505 3 c 1/3 MD
1760 0.32 560 3 a 1/3 MD
1754 0.22 595 3 a 3/2 MD/sd
1737 0.53 540 3 c 1/2 MD/sd
1697 0.14 570 3 a 1/3 MD

little can be said about the group in general other
than it is inhomogeneous. However two properties were
common to the majority of samples, firstly the very low

levels of anisotropy and secondly the low single domain
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to multi-domain populations. Anisotropy of
susceptibility was less than 3% for all but the 1971,
1909 and 1706 flows which had values of up to 5% and
the 1470T flow with up to 9%. The single to multi-
domain ratio, for all samples except 1730LZ, had a
value of 0.16 +/- 0.09. Only the 1730LZ flow had a
high single to multi-domain ratio, 1.94, indicating a
large single domain component, confirmed by its high
temperature susceptibility curve which was of the
quasi-single domain type.

No single type of Curie curve dominates the
results, 6 of the 15 samples have low or intermediate
Curie temperatures, that is below 500°C. Low
temperature susceptibility curves do not show any

particular trend but curve types 1 and 3 dominate.

13.1.2 Mount Vesuvius magnetic mineralogy.

The Vesuvian samples showed a more regular
sample magnetic mineralogy than those of the Canary
Islands. None of the samples tested had anisotropy of
susceptibility which was greater. than 2%. On
average samples had a much higher single domain
population than those of the Canary Islands, as the
average SD/MD ratio was 0.32 +/- 0.16. Curie curves,
normally type 3, show samples to be principally single
phase with Curie temperatures in the range of 500 to

580°C. The only exceptions were the 1858, 1850 and
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1804 flows. Low and high temperature susceptibility
results reflect the relatively higher proportion of

single domain crystals in the samples.

13.1.3) Sample selection, based on low

temperature susceptibility.

A possible sample pre-selection, based on low
temperature susceptibility, was proposed by Senanayake
& McElhinny (1982). Groups 2 and 3 were considered
suitable for elevated temperature measurement since
they are stable to 500°C whereas group 1 samples are
subject to oxidation after 300°C. It might be expected
therefore that a direct link would be visible between
the low temperature susceptibility group and the degree
of alteration seen in the results from the Curie
balance; this is not the case. This may indicate that
the proposal is incorrect but it is more likely that
the samples subjected to Curie balance analysis were
not maintained at elevated temperatures sufficiently
long to experience noticeable oxidation. It was not
therefore possible to confirm, or deny, the link
between low temperature susceptibility and thermal
alteration. Samples were run without any preselection
put the low temperature susceptibility groups were
borne in mind when considering the reliability of final
jntensity results obtained after thermal

demagnetisation.
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13.2 Secular variation of direction.

Data sets for the secular variation of both
areas were obtained using a parastatic magnetometer
(Table 13.2) and these were used to plot secular
variation curves (Figures 13.1 and 13.2).

Table 13.2 Directional results.
a) Canary Islands

Year Decln Inc alpha95 KX No samples
1971LP 349.2 43.2 3.7 421 4
1971LP 351.3 38.6 3.8 258 7
1949LP 350.1 41.0 3.4 488 5
1909TN 340.9 40.2 4.2 256 6
1824L2Z 338.7 54.5 4.6 213 6
1798TN 350.5 53.8 3.4 388 6
1730L2Z 343.1 64.5 2.5 1270 4
1712LP 354.6 56.5 1.3 2657 6
1706TN 357.9 59.2 2.6 674 6
1705TN 355.6 55.2 3.3 424 6
1704TN 359.7 63.2 2.8 752 5
1677LP 358.3 55.5 4.6 211 6
1646LP 002.5 54.5 3.4 304 7
1646LP 003.7 55.1 3.5 490 5
1585LP 002.2 48.8 2.6 622 6
1585LP 009.1 52.4 4.1 351 5
1470TN 009.2 17.4 3.7 273 7

b) Mount Vesuvius,

Year Decln Inc alpha9s X samples
1944 359.7 54.3 2.3 1077 5
1929 357.2 52.4 1.8 559 13
1906 353.6 53.1 0.8 12638 4
1895 355.5 54.8 1.9 1252 6
1891 354.1 56.1 2.5 921 5
1886 343.3 57.3 l.8 1839 5
1871 349.2 56.4 3.5 488 5
1867 347.7 57.3 4.0 375 5
1858 349.8 54.3 13.5 346 2
1850 344.8 49.6 0.8 7013 6
1847 342.9 61.9 1.6 3262 4
1834 347.2 54.9 1.5 2449 5
1822 351.0 55.1 3.0 341 8
1804 344.3 53.1 2.2 891 6
1794 346.6 59.8 1.9 1227 6
1767 343.7 57.6 3.4 499 5
1760 343.5 65.7 1.3 1365 10
1754 346.0 65.1 2.4 792 6
1737 354.8 59.1 1.7 1944 5
1697 018.4 63.7 1.7 1646 6
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13.2.1 Comparison of Canary Island

directional secular variation results,

A smaller scale study of the same area was
carried out by Soler et al. (1984) using a spinner
magnetometer. The two sets of results are compared
graphically (Figure 13.3). Visual inspection indicates
a high level of correlation between the two sets of
data with differences of only a few degrees. Both sets
of data show the broad sweeping increase in inclination

up to 1750 and the "trough" in the declination plot

around 1850.

13.2.2 Comparison of Vesuvian directional

secular variation results.

The results of this study can be compared
with those of two paleomagnetic studies and with data
extracted from the geomagnetic secular variation model
of Bloxham & Gubbins (1985). The most direct
comparison is with a study of eleven dated lava flows
from Mount Vesuvius by Hoye (1981). A plot of the data
sets (Figure 13.4) shows a high concurrence between the
two, in particular the agreement on the large
declination swing in the 1700's.

A paleomagnetic study of Mount Etna (Rolph &

shaw, 1986), to the south of Vesuvius, provides a
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second, though less direct, comparison. Once again
these results are shown overlaid on the Vesuvian curves
(Figure 13.5). Agreement with the Vesuvian trends can
be seen but the latitudinal difference between the two
sites must be taken into account when considering the
jnclination data.

Finally data from the geomagnetic secular
variation model, based on direct measurements since
1695 A.D., shows a high degree of correlation with the
results found for the declination on Mount Vesuvius
(Figure 13.6). The inclination data follows the trend
set by the model, but shows an average inclination
between three and five degrees shallower than those of
the model. Refraction of the magnetic field as it
enters the lava could explain this shallowness., A

similar effect has been found by other workers, notably

Rolph & Shaw (1986).

13.2.3 Conclusions.

The results for both areas show a high level
of agreement with secular variation results from other
studies, confirming the validity of the technique for
extending the geomagnetic secular variation record
retrospectively, i.e. beyond the first recorded
observations. However, effects such as refraction will
have to be considered before results can be regarded as

the equal of observatory data.
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Rolph & Shaw (1986) for Mount Etna. (Results from this
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13.3 Secular variation of intensity.

Three techniques were applied, the Thellier,
Boyd and Tanguy techniques. The Thellier technique
proved to be inapplicable to the majority of samples
yielding only small amounts of useful data. Full sets
of data were, however, collected for both of the other
techniques. The Tanguy technique in fact provided two
full sets of data for each area since it was acquired

from both the spinner and SQUID magnetometers,

13.3.1 The Boyd technique.

Results for the Boyd technique are given in
Table 13.3, the gaps in the table indicating the
unsuitability of some samples or unsuccessful runs due
to excessive SQUID noise. Flow results were plotted on
an intensity time graph with a least squares line-fits
(Figures 13.7 and 13.8). The technique, with its short
hold times and reduced thermal cycling, proved to be
more suitable than the Thellier method by producing

results from material previously found unsuitable.
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Table 13.3 Boyd results

for Canaries & Vesuvius.

Year

1470
1585

1646
1677
1704
1705
1706
1712

1730
1798
1824
1909

1949
1971

Fa

36.0
44.5
40.0
43.0
51.5
25.0
22.0
32.5
28.5
47.0
39.0
58.0
41.5
42.5
49.0
49.0
30.0
37.5
51.5

b) Mount Vesuvius.

1697

1737
1754
1760
1767

1794
1804
1822
1834
1847
1850
1858
1867
1871
1872
1886
1891
1895
1906
1929

1944

61.5
41.0
65.0
48.5
45.0
40.5
40.5
70.0
37.5
49.0
39.0
32.0
41.0
38.5
37.5
44.5
60.0
76.5
50.0
40.3
30.0
46.5
47.0
29.5
41.0
46.5
39.5
48.5
31.0
51.5

Sample values for Fa(uT) Averag
rage
+/- Fa +/- Fa +/- Fa +/~ Fa +/-
4.0 25.5 1.0 51.0 2.0 47.
4.0 25.5 1.0 51,0 2.0 47.5 2.0 40.9 9.2
3.8 57.0 4.0 60.5 1.0 70.0 15 54.1 11.1
6.0 32.5 3.5 41.0 5.0 40.0 2.5 41
L] 1 ] 1 ] .2 6'
5.0 86.0 6.0 33.5 1.0 33.0 1.5 44.3 2482
4.0 47.0 4.5 37.5 1.0 ——mw— ——v 35.5 10.3
2.0 65.0 3.0 41.0 1.0 ~=——m ——o 46.1 13.7
3.0 30.0 2.5 ==== ——m m——— e 29.3 0.8
g.g 65.0 5.5 43.5 1.5 39.5 4.0 46.8 9.6
6.0 72.5 7.0 67.0 5.0 ———— —— 65.8
7.0 51.0 3.0 49.0 8.0 47.5 5.0 47.3 g:g
5.0 45.5 5.0 26.0 3.0 42.5 5.0 39.1 7.7
i.g 40.0 3.0 36.0 3.0 43.5 1.0 43.5 5.1
1.5 65.0 3.0 =——- meom -
47.5 17.
35 63.0 2.5 48.5 10 46.0 5.0 47.0 iZ 2
1.5 41.0 5.0 26.0 3.0 62.5 2.5 '
20 43.0 4.5 40.5 4.5 36.0 5.
4.5 42.0 1.5 36.0 3.0 ———m 2:3 428 8.0
12  43.0 1.5 =———= —m= ——e= ——e 54.0 11.0
1.5 =—== === ——em e e o 48.5 1.5
1.0 46.0 1.0 53.5 5.0 63.0 20 51.9 7.2
2.0 27.5 1.5 30.5 2.0 41.1 2.5 36.9 5.2
1.5 38.0 2.0 40.5 2.0 —m—m —— '
5.0 39.0 1.5 29.5 3.0 31.7 2.5 42.6 16
1.5 23.0 1.0 26.7 3.0 29.5 3.0 29.1 s.éz
i.g 42.5 5.0 40.5 3.0 42.3 1.5 42.6 3.4
Z.g 32.0 5.5 46.5 7.0 37.0 6.5 37.7 5.6
2.8 25.0 5.0 31.0 1.5 28.3 1.5 32.0 5.2
2.0 42.0 3.0 44.5 9.0 =—m—m ——— 43.6 1.2
.o o _ L ] *
------ 60.0 20.
g.g 51.0 1.5 48.5 0.5 33.8 2.0 51.9 13.3
3.0 37.0 4.0 53.0 5.0 39.0 2.0 42.3 6
5.0 23.8 6.0 36.0 2.0 ———m —— 29.9 4:3
1.5 32.2 3.0 45.0 12  =—m== ——- 41.2 6.4
1.0 36.5 5.0 - - ——— 41.8 5.3
2.0 47.9 2.5 48.5 5.0 54. 7 8.
4.5 53.5 1.5 ==m— ——— - 2:018  45.7 8.4
1.5 53.0 5.3 55.0 6.0 37.5 7.0
5.0 39.0 4.0 38.9 3.5 51.0 2.0 45.0 6.7
f.g 43.0 5.5 39.0 4.0 46.5 6.0 41.6 6.2
1.5 53.0 8.0 35.0 2.00 51.0 1.00 47.6 7.3
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Figure 13.7 Intensity variation for the Canary Islands

found using the Boyd technique.
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Figure 13.8 Intensity variation for Mount Vesuvius

found using the Boyd technique.
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13.3.2 The Tanguy technique results from the

spinner magnetometer.

Results were initially more readily obtained
from the spinner magnetometer despite the laborious
processing involved (Table 13.4). Batches of samples
were processed and the results extrapolated (Chapter
11) to obtain historic field values. These were then
combined to form flow averages and the secular

variation curves plotted (Figures 13.9 and 13.10).

13.3.3 The Tanguy technique results from the

SQUID.

Results from the SQUID were subject to error
due to the problems of that system (Chapter 8).
Despite these problems large numbers of results were
obtained (Table 13.5) and these are plotted with least
squares line-fits (Figures 13.11 and 13.12). They show
a high level of agreement with the expected range of
values for the period 1400 to 2000 A.D. (40 = 50uT)

taken from direct observatory data.
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Table 13.4 Spinner Tanguy results.

Year

1971/1

1971/2
1949

1909
1824
1798

1730
1712

1706
1705

1704
1677
1646
1585/1
1585/2
1470TN

1470LP

TRM
NRM

1.36
1.61
0.98
0.86
1.34
1.35
1.15
0.78
0.60
1.40
0.85
1.42
1.19
1.67
2.11
1.68
1.09
1.41
1.15
1.16
1.65
1.15
1.86
1.42
1.39
0.62
0.65
0.99
1.69

b) Vesuvius

1944
1929
1906
1895
1891
1886
1871
1867
1858
1850
1847
1834
1822
1804
1794
1767
1760
1754
1737
1697

1.31
1.10
1.29
1.28
1.15
1.72
1.39
1.70
0.97
1.16
1.05
0.91
1.14
1.19
0.88
1.36
0.95
0.85
1.00
0.91
1.12

+/-

0.07
0.15
0.09
0.14
0.14
0.21
0.14
0.02
0.51
0.13
0.62
0.34
0.62
0.17
0.23
0.52
0.13
0.08
0.04
0.18
0.02
0.27
0.22
0.04
0.07
0.15
0.04
0.16
0.14

0.01
0.02
0.08
0.25
0.02
0.44
0.04
0.14
0.14
0.13
0.03
0.06
0.22
0.05
0.02
0.04
0.08
0.06
0.00
0.06
0.03

TRM
NRM

1.68
1.03
1.33
0.79
1.21
0.95
0.79
0.61
1.33
1.29
1.78
1.05
0.78
0.76
1.15
1.25
1.13
1.91
1.34
1.29
1.16
1.35
0.68
0.61
1.67
1.04

1.23
1.04
1.37
1.08
1.16
1.39
1.24
1.16
2.02
1.32
1.15
1.09
1.00
0.95
1.34
1.17
1.54
0.89
1.47
1.41

+/-

0.08
0.06
0.10
0.03
0.03
0.02
0.03
0.28
0.01
0.17
0.13
0.24
0.07
0.06
0.30
0.10
0.04
0.08
0.03
0.27
0.30
0.10
0.16
0.05
0.17
0.27

0.04
0.04
0.05
0.08
0.06
0.27
0.02
0.14
0.04
0.14
0.03
0.15
0.03
0.02
0.05
0.06
0.02
0.01
0.02
0.14

195

TRM +/- Fa +/-
NRM (pT)
1.22 0.17 37.87 6.50
———— ———— 43.29 7.80
1.18 0.23 46.90 12.6
1.21 0.24 42.73 7.05
0.96 0.01 51.72 9.28
0.64 0.42 75.87 9.17
———— ———=- 36.63 1.00
1.09 0.07 37.00 11.5
1.19 0.27 43.73 2.68
1.78 0.27 35.21 22.27
0.93 0.25 41.19 12.4
1.40 0.06 39.40 4.10
1.42 0.18 33.40 7.05
1.70 0.14 40.50 11.6
1.34 0.09 36.33 0.90
0.66 0.05 77.6 3.27
0.87 0.04 40.00 15.67
1.41 0.06 37.97 2.25
1.43 0.01 42.00 7.00
1.26 0.06 38.00 1.43
1.10 0.10 43.25 3.50
- 43.29 0.00
1.20 0.21 34.80 6.12
1.25 0.01 38.65 2.17
0.96 0.21 39.30 12.7
31.50 20.0
1.15 0.01 41.32 2.84
1.07 0.06 45.87 1.90
0.96 0.07 50.64 4.27
1.27 0.02 43.82 4.63
———— ——-- 46.72 5.90
1.04 0.02 46.05 9.80
1.35 0.03 38.70 2.75
1.21 0.04 50.00 9.10
1.69 0.02 43.74 22.65
———— —e——— 40.40 10.0
1.00 0.03 45.47 9.40
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Figure 13.9 Intensity variation for the Canary Islands

using the Tanguy technique on the spinner.
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Figure 13.10 Intensity variation for Mount Vesuvius
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Table 13.5 SQUID Tangquy

results.

Year

TRM
NRM

a) Canaries

1971
1971/2
1949
1909/1
1909/2
1824
1798
1730
1712
1706
1705
1704
1677
1646/1
1646/2
1585/1
1585/2
1470TN
1470LP

1.05
2.03
0.79
0.77
1.08
2.07
0.80
1.00
2.10
1.94
1.06
2.14
1.48
1.06
0.89
1.23
1.26
0.95
1.32

b) Vesuvius.

1944
1929
1906
1895
1891
1886
1871/1
1871/2
1867
1858
1850
1847
1834
1822
1804
1767
1760
1754
1737
1697

0.93
1.18
0.88
0.89
1.11
0.63
1.13
0.93
1.20
1.15
1.25
0.70
1.02
1.02
0.90
1.06
1.07
1.11
0.95
0.87

+/-

0.01
0.07
0.12
0.04
0.01
0.10
0.00
0.00
0.06
0.13
0.29
0.17
0.02
0.35
0.33
0.08
0.15
0.01
0.30

0.02
0.03
0.04
0.04
0.43
0.01
0.05
0.07
0.08
0.07
0.01
0.35
0.09
0.15
0.11
0.06
0.25
0.09
0.22
0.04

TRM  +/- TRM  +/-
NRM NRM
1.87 0.03 1.64 0.00
1.13 0.15 1.43 0.00
1.15 0.03 —=—oem ———o
0.70 0.02 0.89 0.01
1.71 0.14 1.90 0.19
0.91 0.00 0.62 0.01
0.82 0.00 1.16 0,02
0.81 0.17 1.00 0.00
0.91 0.02 1.61 0.26
1.21 0.15 === ===
1.17 0.00 1.53 0.04
1.25 0.04 0.97 0.03
0.96 0.02 1.13 0.01
1.15 0.01 -==== =—==-=
1.84 0.01 1.34 0.01
0.86 0.01 1.04 0.05
1.07 0.10 0.90 0.07
1.02 0.13 0.91 0.00
0.98 0.03 0.96 0.17
1.49 0.05 0.77 0.02
1.67 0.05 0.92 0.04
1.46 0.24 1.25 0.01
0.94 0.02 0.94 0.13
1.03 0.04 0.83 0.04
1.32 0.09 —-——== ===
1.07 0.03 1.17 1.31
0.89 0.01 0.78 0.01
0.85 0.03 1.01 0.05
1.44 0.07 1.12 0.05
1.17 0.08 1.29 0.10
0.88 0.01 1.01 o0.07
1.63 0.30 0.80 0.04
0.91 0.06 0.86 0.02
2.69 0.87 1.00 0.02
1,01 0.01 0.87 0.06
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Fa +/-
(uT)
32.90 7.35
32.60 7.50
63.30 10.0
$52.00 10.0
36.10 9.50
26.50 2.00
64.90 9.50
50.00 1.00
36.80 14.5
40.00 16.0
41.60 10.0
29.70 8.20
36.20 4.00
45.50 5.00
56.00 20.7
45.50 5.00
41.60 2,00
52.60 1.00
33.30 6.00
53.20 4.0
47.60 5.0
53.70 4.0
53.10 3.0
44.60 13
46.70 18
39.00 4.0
53.20 1.0
49.00 8.0
40.40 4.0
43.00 4.0
63.00 7.0
52.00 5.0
42.00 5.0
44.60 5.0
51.00 5.0
43.10 12.5
52.00 6.0
51.30 2.0
54.30 4.0
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Figure 13.11 Intensity variation for the Canary

Islands using the Tanguy technique on the SQUID.
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Figure 13.12 Intensity variation for'Mount Vesuvius
using the Tanguy technique on the SQUID.
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13.4 Comparison of results from SQUID and spinner

magnetometers.

Historic field intensity results were
obtained from both magnetometers using the Tanguy
technique on equivalent sample sets. This provides the
opportunity for comparison of magnetometer performance.
Initially this can be done by visual inspection of
plots of both sets of data on the same axes (Figures
13.13 and 13.14). In neither case do the least squares
fits follow each other. Those for the Canaries cross
five times, whilethose for Vesuvius do not cross but
appear offset by up to 12uT.

These results illustrate the effect of the
conditions, cooling rate for example, present during
the stages of a technique and on the reaction of
samples to them. Thus despite using the same technique
on an apparently equivalent sample set the results

obtained differed by up to lquT due to a variation in

processing conditions.

13.5 Comparison of all intensity data.

A total of 380 historic field intensity
results were obtained during this study using the
Tanguy and Boyd techniques; 173 for the Canary Islands
and 207 for Mount Vesuvius. The three data sets, from

which these totals were obtained, are plotted with

199



Fa(uT)

Figure 13.13 Comparison of Tanguy results for the
Canaries, obtained from the spinner (squares with

e dashed line) and SQUID magnetometers (circles with
=0 =1

solid line). '
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Figure 13.14 Comparison of Ténguy results for
Vesuvius, obtained from the spinner (squares with

dashed line) and SQUID magnetometers (circles with

solid line).
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their respective least squares fits for the Canary
Islands and Mount Vesuvius in Figqures 13.15 and 13.17
respectively.

Historic field intensity variation curves
using all of the available data (Figures 13.16 and
13.18) show a slow variation in field intensity for

both field areas of between 40 and 50 uT.

13.6 Project summary.

The lavas gathered clearly provide
directional data which, whilst not the equal of
observatory data, can be considered sufficiently
accurate to warrant its use in the extension of palaeo-
direction studies prior to direct measurement. Such
data can be acquired using inexpensive and simple
measuring instruments, such as the parastatic
magnetometer used in this study. When considering the
accuracy to which these results are quoted within this
£hesis it must be remembered that certain errors, for
example that of the Sun compass, have not been included
within the calculation due to the limited processing
capacity available.

The palaeointensity data acquired from the
modern lavas of this study had relatively higher levels
of error than their directional counterparts. The
variation between results for samples of the same flow

would appear to be due to the different conditions
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Figure 13.15 Comparison of all intensity results for
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Figure 13.17 Comparison of all intensity results for

Vesuvius, Tanguy on the spinner squares with dashed

line, Tanguy on the SQUID circles with solid line and
100-_Boyd shown by diamond and dotted line. i
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prevalent during processing for tha£ technique and due
to the variation in sample magnetic mineralogy. The
results from the SQUID magnetometer were subject to an
additional scatter due to electrical interference
whilst measuring. The effects of magnetic mineralogy
variation (Table 13.1) were clearly demonstrated by the
three samples from the 1585LP flow subjected to cooling
rate experiments (Table 12.1).

Of the three techniques used the Tanguy
technique proved to be marginally more appropriate for
the samples in this study. The technique was, however,
particularly vulnerable to electrical interference
during the first measurement or the presence of a
viscous moment. Cleaning the NRM using A.F.
demagnetisation proved to be of no value since few
viscous moments were present. The dependence of both
the Thellier and Boyd techniques on controlled thermal
demagnetisation, although much reduced in the Boyd |
technique, made them more vulnerable to the combination
of thermal alteration and SQUID interference. After an
fnitial trial with Canary Island samples the Thellier
technique was abandoned since very high levels of
alteration were promoted during its long heating
cycles.

The 380 intensity results obtained provide
useful information for the extension of the
palaeomagnetic record and for the assessment of

analysis technique.
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13.7 Suggestions for further work.

The variation within palaeo-intensity results
would appear to be due to the differences in sample
magnetic mineralogy and NRM acquisition. The different
palaeointensity techniques applied may exacerbate these
differences leading to an increased sample result
diversity. To quantify the relationship between sample
mineralogy and reaction to a measurement regime would
require considerable work on factors such as cooling
rate correction. This would lead to fewer but more
valuable results and may justify the introduction of

sample pre-selection based on mineralogy studies.
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Programme Detgjils,

Three programmes were written for the SQUID
magnetometer, two to determine the historic field
intensity using the Boyd (BOYD222) and Tanguy (TAN103)
techniques, the third to determine the importance of
the cooling rate to sample magnetisation (F0X223).
These programmes were based on the "Base'" programme
(Share, 1987) and written in Basic with alphanumeric
control sequences for dedicated SQUID control unit.

A full programme listing is only included
for the F0X223 programme since the base programme is
common to all three. Although based on Share (1987)
changes, both major and minor, have been made to the
original programme in addition to the operational
package.

Precise programme details depended on the
particular requirements of the experiment, however, the
majority of the programming involved the rearrangement
of the operational segments known as procedures or
PROC's. Brief descriptions of these procedures are

given below.

PROCexchange - sends commands to the dedicated
controller.

PROCoper - contains the experiment specific

operations sequence.
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PROCINPUT -

PROCzero -

PROCsquid -

PROCmeloop -

PROCmeasure -

PROCCALC

PROCWRITE -

PROCfieldinst-

PROCtempset -

PROCdelay -

PROClastmeas -

in conjunction with PROCheaders acquire;
and writes the sample data to the disc.
before measurement commences values are
acquired from the SQUID to compensate
for electric motor interference,
SQUID interface values are read and
converted to give a magnetic flux
reading for the SQUID.
when included allows for multiple
measurement loops.
arranges the squid readings to obtain
the four directional measurements of
flux and the background reading.
determines the true values of
declination, inclination and intensity
using the input values.
writes information back to disc.
used with PROCfieldset to calculate the
relative values of the current required
to apply a magnetic field to the sample
in the same direction as that measured.
sets the temperature.
a delay sequence, used with PROCfdelay
to provide a delay when a magnetic field
is applied to the samples.

resets the SQUID for the next sample.
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F O X 2 2 3,

20 *FXs8,3
30 *FX7,3

40 *FX5,1

50 DIM AS$(11), A(8), V(10), E(7), M(6), 2

M2(10), M3(10), M4(10), C(50), D<50§.)P(4§6)%<§§(10)'
TB(10), VG(6), EG(6) ' !
60 A$(1)_="X1": A$(2)="X ": A$(3)="Y1": A ="y v
A$(5)="21": A$(6)="Z n: A$(7)="Cl": AS(B)E'(US)N:Y .
A$(9)="NS": A$(10)="EW": A§(11)="VE"

70 RESET $=STRING$(8, "TRY AGAIN")

80 PROCINPUT

90 NUMBER=1:N9%=NUMBER

100 PROCoper

110 END

120 DEF PROCINPUT

130 CLS:INPUT "FILENAME",F$

140 CLS:VDU28,1,30,39,18

150 CODE1$="QIT2"

160 DEMAG$="TH"

170 CODE2§=F$

180 DIFF=7-LEN(CODE2$):IF DIFF<1 THEN 220

190 FOR I=1 TO DIFF

200 CODE2$=CODE2$+CHRS$(9)

210 NEXT I

220 CODE2$=LEFT$(CODE2S,7)

230 OP$="AMT"240 D$="00/00/90"

250 DIFF=8-LEN(D$):IF DIFF<1 THEN290

260 FOTR I=1 TO DIFF

270 D$=D$+CHRS$(9)

280 NEXT I

290 D4$=LEFT$(D$,8)

300 Al=0

310 A2=0

320 A3=0:A4=0

330 AS=1

340 FI%=OPENOUT(FS$)

350 HE$‘"***‘*SQIDOZ"+CODE1$+DEMAG$+D$+OP$

360 PROCWRITE(HES)

370 HE$=CODE14§+CODE24+", "+STR$ (A1)+", "+STR -
(A3) +","+STR§(A4)+","+STRE(AS) B(R2)*", "4STR
380 PRocwRITE(HEs)

390 DSl=A12DSZ=A2:DS3=A3:DS4=A4:DSS=A5

400 A1=RAD(A1l):S1=SIN(A1l):C1=COS(Al):A2= :
S2=SIN(A2): C2=COS (A2) (A1):A2=RAD(AZ):
410 ENDPROC

420 DEF PROCCALC

430 X9=INT((V(1)-V(3))/2):V9=(INT((V(2)-
Aot

=V(2)+ + tZ9=INT(V/4)::J= - - -
' :V(6)=X9:V(7)=Y9:V(8§=ég) J=INT(SQR(X9"2+Y9~2+429"2))
440 Al=-X9

450 A2=-Y9

460 A3=-29

470 DEC=FNAT2(A2,Al):IFDEC<OTHENDEC=DEC+360
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480
490
500
510
520
530
540

J=INT(J*565/RANGE)

INC=FNAT2(A3,SQR(A1*A1+A2*22))
INC=(INT(INC*10))/10:DEC=(DEC*10))/10

*FX3,10

PRINTTAB (6);AT;TAB{(20);J;TAB(35);DEC;TAB(50);INC
RESS§=STRS (AT) :PROCWRITE(RESS)

RESS = STRS$(J)+","+STRS(DEC)+", ."+STRS(INC);

PROCWRITE(RESS)

550
(v(I
560
570
580
590
600
610
620
630
640
650
660
670
680
31,1
690
700
710
720
730
740
750
760
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040

RES$=STR$(V(0)): FORI%=1 TO 8: RES$=RES§+","
%)) : NEXT $=RES§+", "+ STRS
*FX3,0
REM PROCWRITE(RESS)
*FX3,0
ENDPROC
DEF FNAT2(Y,X)
IF X=0 THEN X=0.0000001
LOCAL Z
Z=DEG(ATN(Y/X))
IF X<OTHEN Z=180+Z
=Z
DEF PROCDISP(CH%)
Y=2*ADVAL(CH%) /65520
CH%=CH%+8:VDU
5,0:PRINTAS (CH%); :VDU31,18,0:PRINTY
ENDPROC .
DEF PROCEND (E%)
IF E¥=0 THEN 7350
FOR I = 1 TO 9:ED$="1001":PROCWRITE(EDS§): NEXT I
ED§="0,0,0,0"
PROCWRITE(EDS)
CLOSE.F1%
vpu28,0,30,39,3
ENDPROC
DEF PROCWRITE (A$)
LOCAL L,1I
L=LEN(AS)
FORI =1 TO L
BPUT .FI1%,ASC(MID$(AS,I,1))
VDU2:*FX3,10
VDU:*FX3,0
NEXT I
BPUT .FI%,13
ENDPROC
DEF PROC exchange
*FX5,2
VvDU3
PRINT AS$
VDU3
*FX2,2
INPUT reply
*FX2,2
*FX5,1
ENDPROC
DEF PROCsquid
FOR VG=1 TO 1
finish=TIME +50:REPEAT:UNTIL ini
FXS 2 TIME>finish
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1050 VDU3

1060PRINT"RX"

1070 VDU3

1080 *FX2,1

1090 INPUT C:INPUT D

1100 *FX2,2

1110 *FXS5,1

1120 IF C>0 THEN PRINT "SPIKE"

1130 IF C>0 THEN LH=1000

1140 V(Y)=(32768*C)+D:E(Y)=TIME

1150 VG(Y)=VG(Y)+V(Y):EG(Y)=EG(Y)+E(Y)

1160 PRINT VG

1170 NEXT VG

1180 V(Y)=(VG(Y)/1):E(Y)/1);VG(Y)=0:EG(Y)=0

1190 ENDPROC

1200 DEF PROCtempset

1210 *FXS,2

1220 VDU2

1230 IFtemp<99 THEN A$="TS "ELSE A§="TS"

1240 PRINT AS$;temp

1250 VDU3

1260 *FX2,2

1280 *FX5,1

1300 ENDPROC

1310 DEF PROCfieldset

1320 B$=LEFT$(AS$,3):C=VAL(MIDS$(AS$,4)) :K$=RIGHTS(BS,2):
p§="+": IF SGN (C)<>1 THEND§="-" '
1330 IF B$="OFN" THEN CAL=2

1340 IF B§="OFV" THEN CAL=1.33

1360 A$="FO" :PROCexchange

1370 C=ABS(C):D=INT(C*CAL*10):G$="0.000"

1380 IF D»>9 THEN G$="0.00"

1390 IF D>99 THEN G$="0.0"

1400 IF D>999 THEN G§="0."

1410 AS$=K§+D$S+G§+STRS$ (D) :PROCexchange

1420 ENDPROC

1430 DEF PROCmeasure

1435 A$="S0":PROCexchange:A$="SZ" :PROCexchange:LH=0:Y=
:PROCsquid ge:LH=0:Y=0
1440 AS$="SM":PROCexchange:LH=0

1460 Y=1:PROCsquid:V(Y)=V(Y)-M(Y)

1470 A$="RN":PROCexchange

1480 Y=2:PROCsquid:V(Y)=V(Y)-M(Y)

1490 AS$="RN":PROCexchange:A$="TR"PROCexchange:AT=reply
1500 Y=3:PROCsquid:V(Y)=V(Y)-M(Y)

1510 A§="RN":PROCexchange

1520 Y=4:PROquuid:V(Y)=v(y)_M(Y)

1530 AS$="RN":PROCexchange:A$="5S0":PROCexchange

1540 Y=5:PROCsquid

1550 IF LH>100 THEN GOTO 1435

1560 IF ABS(V(0)-V(5))>32768 THEN GOTO 1435

1610 time=E(5)-E(0):drift=V(5)-V(0):rate=drift/time
1620 V(1)=INT(V(1)+(E(0)—E(1))‘rate)—V(O):V(2)=INT(V(2)
+(E(0)-E(2))*rate)-V(0):V(3)=INT(V(3)+(E(3)-
E(0))*rate)-V(0):V(4)=INT(V(4)+(E(4)-E(0))*rate)-
V(0):V(5)=INT(V(5) +(time*rate))-v(0):V(0)=0

1630 ENDPROC
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1640 DEF PROCzero

1650 VDU2

1660 VDU1,27,1,69

1670 VDU2

1680 PRINT"ZERO TEST"

1650 PRINT"V1'";TAB(20);"V2";TAB(40);"V3";TAB(60);"V4"
1700 VvDU1,27,1,70

1710 VDU3

1720 A$="SO":PROCexchange

1730 FOR zero=1 TO S

1740 M(1)=0:M(2)=0:M(3)=0:M(4)=0

1750 PROCmeasure

1760 @%=&20309

1770 VDU2

1780 PRINT;V(1);TAB(20);V(2);TAB(40);V(3); .
1790 VDU3 ) (40) (3)3;TAB(60);V(4)
1800 @%=&90A

1810 Z2(1)=Z(1)+V(1):2(2)=2(2)=V(2):Z(3)=Z(3)+V(3):
Z(4)=2(4)+V(4)

1820 NEXTzero

1830 M(1)=INT(Z(1)/5):M(2)=INT(Z(2)/5): =

O (4)=INT(Z(4)/5) )/5) :M(3)=INT(Z(3)/5)
1840 @%=&20309:VDU2

1850 VDU1,27,1,69

1860 PRINT:PRINT;
M(1);TAB(20);M(2);TAB(40);M(3);TAB(60); M(4):PRINT
1870 VDU1,27,1,69

1880 VDU3:@%=&90A

1890 ENDPROC

1900 DEF PROCoper

1910 A$="IR":PROCexchange:A$="IN":PROCexchange:A§="1IL"
1920 PROCexchange

1930 A$="1G":PROCexchange:RANGE=reply

1940 IF V%=RANGE THEN 1990

1960 GOTO 1990

1970 ZE=0:A$="S0":PROCexchange:PROCzero; V¥=RANGE:
WE=M(1) :X%=M(2):Y%=M(3) : Z%=M(4)

1980 A$="SL" :PROCexchange

1990 M(1)=W%:M(2)=X%:M(3)=Y%:M(4)=Z%

2000 ZE=1

2010 Z4$="Y":IF Z$<>"Y" THEN T8=4 ELSE T8=1

2020 INPUT "SAMPLE MOUNTED",Z$

2030 A$="TN":PROCexchange

2040 A§="SM":PROCexchange

2050 INPUT"SAMPLE POSITION ADJUST",Z$

2055 INPUT"TIME IN HOURS TO COOL",TS

2060 TS=TS*360000:FK=1

2070 T1=100:T2=600:T3=100

2071 TS=TS/(T2-T1):FK=1

2080 temp=T1:PRINT"SENT TO T1"T1

2090 Q=1:TA=TIME:TB=0

2100 PROCdelay:PROCmeloop

2101 FK=1

2110 temp=T2:PRINT"SENT TO T2"T2:SA=2: " "
2l ol TASTINE:TB=0 SA=2:PRINT"TIME TS"TS
2130 PROCfdelay:A$="FCVNE":PROCexchange

2150 Q=0:TA=TIME:TC=0:IF FK=2 THEN 2290
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2152 TG=TIME:PAUSE=TG+TS:REPEAT

2156 UNTIL TIME>PAUSE

2260 PROCdelay

2280 PROCmeloop:PRINT"TIME ELAPSED" ((TC-TA)/6000):
FX=2:GO0TO02110

2290 temp=T1l:A$="AC":PROCexchange:A$="AN":PROCexchange
2295 PROCdelay:PROCmeloop:PRINT"TIME ELAPSED" ((TC-
T?){6000):TS=TS*3.5:IF TS*(T2-T1)>6E6 THEN 2300 ELSE
210

2300 PROClastmeas

2340 PROCEND(1)

2350 A$="TF":PROCexchange:A$="SL" :PROCexchange:ENDPROC
2360 DEFPROCheaders

2370 *FX3,10

2380 Al1=DS1:A2=DS2:A3=DS3:A4=DS4:A5=DS5

2390 PRINT"SAMPLE ";CODE1$+CODE2S

2400 GOTO 2440

2410 PRINT" SAMPLE ";CODES
2420$OP$=MID$(OP$,18,20):PRINT:PRINT”OPERATOR/DATE=
".QOP

2440 PRINT "FIELD/TEMP";TAB(20); "MOMENT";TAB(31);
"DECLINATION" ; TAB(46);"INCLINATION"

2450 *FX3,0

2460 ENDPROC

2470 DEFPROCdelay

2480 TE=150:IF temp>450 THEN TE=175:IF temp>550 THEN
TE=200: IF SA=1 THEN TE=300

2490 IF Q=0 THEN 2330

2500 A4$="SO" :PROCexchange

2510 PROCtempset:A$="TR" :REPEAT:PROCexchange: =

+ 5 :REPEAT:UNTIL TIME>=PAUSE:UNTIL REPLY)Z:eﬁgUSE THIE
2520 IF Q=1 THEN 2370

2530 A$="TF";PROCexchange;PRINT"TH OPS OFF":A§="SM":
PROCexchange

2540 A$="TR":REPEAT:PROCexchange:PAUSE=TIME+5 :
REPEAT:UNTIL TIME>=PAUSE:UNTIL REPLY<=temp

2550 A§="TN";PROCexchange;PRINT"TH OPS ON":A$="AP":
PROCexchange :A$="A0" :PROCexchange:A$="FD" :PROCexchange:
PROCtempset :
2570 TC=TIME:A$="50":PROCexchange:equilib=TIME+(90*TE):
REPEAT:PRINT "PAUSE"(equilib-time) :UNTIL TIME >=equillid
2580 ENDPROC

2590 DEFPROCmeloop

2600 PROCmeasure:PROCCALC

2610 ENDPROC

2620 DEFPROCfieldinst

2630 Q1=0.71*((X9+Z9))

2640 Q2=0.71*(X9-29)

2650 Q3=-Y9

2660 P1=(SQR(Q1"2+Q2°2+Q3"~2))

2670 P2=((Q1/P1)*(50))

2680 P3=((Q2/P1)*(50))

2690 P4=((Q3/P1)*(350))

2700 P1=(INT(P1*100)/100):P2(INT(P2*100)/100):
P3=(INT(P3*100)/100) :P4=(INT(P4*100)/100)

2710 VDU2:*FX3,10

2720 PRINTHk**k**t*x****i***t*******kt******ﬁ****..
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2740 VDU3:*FX3,0

2750 IF P2<0

THEN 2770

2760 AS$="OQOFV+"+STRS$(P2):PROCfieldset:GOTO 2780
2770 A$="OFV"+STRS$(P2):PROCfieldset

2780 IF P3<0O

THEN 2800

2790 AS$="OFN+"+STRS$(P3):PROCfieldset
2800 AS$="OFN"+STR$(P3):PROCfieldset

2810 IF P4<0

THEN 2830

2820 A$="OFE+"+STR$(P4):PROCfieldset
2830 AS$="OFE+"+STR$(P4):PROCfieldset
2840 AS$="FCVNE":PROCexchange

2850 ENDPROC

2860 DEFPROClastmeas
2870 PROCfieldinst

2880 temp=50:
:PROCexchange
:PROCexchange:A$="TR":REPEAT:PROCexchange:
:REPEAT:UNTIL TIME>=pause:UNTIL reply<=stemp
:PROCexchange

:PROCexchange

2890 AS§="AC"
2900 AS$="TF"
pause=TIME+S
2910 AS="AP"
2920 AS$="FD"

TA=TIME:TB=0:Q=0

2925 PROCmeloop

2927 A$="SL":

2930 ENDPROC

PROCexchange

2940 DEFPROCfdelay
2950 A$="S0":PROCexchange:temp=temp+2
2960 PROCtempset:A§$="TR":REPEAT:UNTIL TIME)>=pause:UNTIL

reply>= temp

2970 TE=150 :IF temp>450 THEN TE 175:IF temp>550 THEN

TE=200

2979 AS$="SM":PROCexchange:PROCfieldinst

2980 equilib=

TIME+(40*TE) :REPEAT:PRINT

"PAUSE(equilib — TIME):UNTIL TIME>=equilibd

3010 ENDPROC
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TAN l1 0 3.

1900 DEFPROCoper

1910 A$="1IR":PROCexchange:A$="IN":PROCexchange:A§="IL"
1920 PROCexchange

1930 A$="1G":PROCexchange:RANGE=reply

1940 IF V%=RANGE THEN 1990

1960 GOTO 1990

1970

ZE=0:A$="50":PROCexchange :PROCZero:V%¥=RANGE: W%=M(1):
X%=M(2) :Y%=M(3):Z%=M(4)

1980 A$="SL":PROCexchange

1990 M(1)=W%:M(2)=X%:M(3)=Y%:M(4)=2%

2000 ZE=1

2010 Z$="Y":IF Z$<>"Y" THEN T8=4 ELSE T8=1

2020 INPUT "SAMPLE MOUNTED",Z§$

2030 A$="TN":PROCexchange

2040 A$="SM":PROCexchange

2050 INPUT"SAMPLE POSN ADJUST",Z§$

2060 PROCheaders

2070 T1=100:T2=650

2080 temp=T1:PRINT"SENT TO T1"T1

2090 Q=1:TA=TIME:TB=0

2100 PROCdelay:PROCmeloop

2105 FOR GU=1 TO 5

2110 temp=T2:SA=2

2120 Q=1:TA=TIME:TB=0

2130 PROCfdelay:A$="FCVNE":PROCexchange

2140 temp=T1:PRINT"SENT TO T1"T1

2150 Q=0:TA=TIME:TB=0

2230 A$="AC":PROCexchange:A$="AN":PROCexchange

2260 PROCdelay

2280 PROCmeloop

2290 NEXT GU

2300 PROClastmeas

2340 PROCEND(1)

2350 A$="TF":PROCexchange:A$="SL" :PROCexchange:ENDPROC
2360 DEF PROCheaders

2370 *FX3,10

2380 Al=DS1:A2=DS2:A3=DS3:A4=DS4:A5=DS5

2390 PRINT"SAMPLE " ;CODEl1$+CODE2§$

2400 GOTO 2430

2410 PRINT" SAMPLE ":CODES$
2420$OP$=MID$(0P$,18,20):PRINT:PRINT"OPERATOR/DATE=
" :OP

2340 PRINT:PRINT"DIP= ";Al;TAB(20);"DEC= ";A2

2440 PRINT" FIELD/TEMP";TAB(20);"MOMENT;TAB(31);
"DECLINATION" ;TAB(46);"INCLINATION"

2450 *FX3,0

2460 ENDPROC

2470 DEFPROCdelay

2480 TE=150:IF temp>450 THEN TE=175:1

TE=200:1F SA=1 THEN TE=300 F temp>550 THEN
2490 IF Q=0 THEN 2530

2500 A$="SO":PR2Cexchange

2510 PROCtempset:A$="TR":REPEAT:PROCexchange: =
+5 :REPEAT :UNTIL TIME)>pause : UNTIL reply?:tzggse TIME
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2520 IF Q=1 THEN 2570

2530 A$="TF":PROCexchange:PRINT"TH OPS OFF":

A$="SM" :PROCexchange

2540 AS$="TR":REPEAT:PROCexchange:pause=TIME+5: REPEAT:
UNTIL TIME>=pause:UNTIL reply<=temp

2550 A$="TN":PROCexchange:PRINT"TH OPS ON":

A$="AP" :PROCexchange:A$="A0" :PROCexchange:A§="FD":
PROCexchange :PROCtempset

2570 A$="SO":PROCexchange:equilib=TIME+(50*TE) :REPEAT:
PRINT "PAUSE"(equilib-TIME):UNTIL TIME>=equilib

2580 ENDPROC

PLEASE REFER TO FOX23 FOR LINES 2590 TO 2860

2860 DEF PROClastmeas

2870 AS$="SL":PROCexchange

2880 temp=200

2890 AS$="AC" :PROCexchange

2900 AS$="TF":PROCexchange:A$="TR" :REPEAT:PROCexchange:
pause=TIME+5:REPEAT:UNTIL TIME>=pause:!UNTIL reply<=temp
2910 AS$="AP":PROCexchange

2920 AS$="FD":PROCexchange

2930 ENDPROC

2940 DEFPROCfdelay

2950 A§="SO0":PROCexchange

2960 PROCtempset:A$="TR" :REPEAT:PROCexchange:
pause=TIME+5: REPEAT:UNTIL TIME>=pause:UNTIL
reply>=temp

2970 TE=150:1IF temp>450 THEN TE=175: IF temp>550 THEN
TE=200

2979 A$="SM":PROCexchange:PROCfieldinst

2980 equilib=TIME+(40*TE):REPEAT:PRINT"PAUSE" (equilib-
TIME) :UNTIL TIME>=equilib

3010 ENDPROC

All



1900
1910
1920
1930
1940
THEN
1960

BOYD 2 2 2

DETF PRCCoper

AS$="IR":PROCexchange:A$="IN" :PROCexch tAS="IL"
PROCexchange changeiAg=ril
A$="1G" :PROCexchange:RANGE=reply

IF V%=RANGE THENINPUT"NEW ZERO TEST",Z8:IF Z§<>"y"
1990

PRINT"THERE IS NOT AT PRESENT A ZERO

TEST":INPUT"DO YOU WANT A ZERO TEST,Y OR N",Z$§:1IF
Z$<>"Y" THEN 1990

1970

ZE=0:

A$="S0O" :PROCexchange:PROCzero:V¥=RANGE:W%=M(1):

X%=M(2):Y%=M(3) :2%=M(4)

1980
1990
2000
2010
ELSE
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390

A$="SL" :PROCexchange
§é12=W%:M(2)=X%:M(3)=Y%:M(4)=Z%
PRINT"AC":INPUT"Y ORN",Z$§:1IF Z$<>"Y" THEN TB=4
T8=1

INPUT"SAMPLE MOUNTED", Z$

A$="TN" :PROCexchange

A$="SM" :PROCexchange

INPUT"SAMPLE POSN ADJUST",Z$

PROCheaders

TX=30:T1=135:T2=170:5A=1
temp=t1:PRINT"SENT TO T1"T1
Q=1:TA=TIME:TB=0
PROCdelay:PROCmeloop:J(1)=J
temp=T2:PRINT"SENT TO T2"T2:5A=2
Q=1:TA=TIME:TB=0
PROCdelay:PROCdelay:PROCdelay:PR :
temp=t1:PRINT"SENTYTO T1"T1 ! OCPLOOP: FROCme Loop
Q=0:TA=TIME:TB=0

IF Té=1 THEN 2170 ELSE 2180

A$="AC" :PROCexchange

PROCdelay:PROCmeloop

QR=1

temp=T2:PRINT"SENT TO T2"T2
Q=1:TA=TIME:TB=0

PROCfdelay:A$="FCVNE" :PROCexchange
TA=TIME:Q=0:TB=0:temp=T1

PRINT"SENT TO T1":IF T8=1 THEN 2250 ELSE 2260
AS$="AC" :PROCexchange

PROCdelay

A$="FD" :PROCexchange

PROCmeloop

REM NEXT QQ

IF T2>400 THEN PROClastmeas

IF T2>400 THEN2340
T3=T1+40:T1=T1+40:T2=T2+40

GOTO 2080

PROCEND(1)

AS$="TF" :PROCexchange:A$="8SL": :
DEF PROCheaders ge:A$="SL" :PROCexchange: ENDPROC
*FX3,10

A1=DS1:A2=DS2:A3=DS3:A4=DS4:A5=DS5
PRINT"SAMPLE " ;CODE1$+CODE2$
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2400 GOTO 2430

2410 PRINT" SAMPLE ":CODES$
2420$0P$=MID$(OP$,18,20):PRINT:PRINT"OPERATOR/DATE=

"1 OP

2340 PRINT:PRINT"DIP= ";Al;TAB(20);"DEC= ";A2

2440 PRINT" FIELD/TEMP";TAB(20);"MOMENT;TAB(31);
"DECLINATION" ;TAB(46);"INCLINATION"

2450 *FX3,0

2460 ENDPROC

2470 DEFPROCdelay

2480 TE=150:1IF temp>450 THEN TE=175:IF temp>550 THEN
TE=200:IF SA=1 THEN TE=300

2490 IF Q=0 THEN 2530

2500 A$="S0":PROCexchange

2510 PROCtempset:A$="TR" :REPEAT:PROCexchange:pause=TIME
+5 :REPEAT :UNTIL TIME>pause : UNTIL reply>=temp

2520 IF Q=1 THEN 2570

2530 A$="TF":PROCexchange:PRINT"TH OPS OFF":

AS$="SM" :PROCexchange

2540 AS$="TR":REPEAT:PROCexchange:
pause=TIME+5:REPEAT:UNTIL TIME>=pause:UNTIL reply<=temp
2550 A$="TN":PROCexchange:PRINT"TH OPS ON":

AS$="AP" :PROCexchange:PROCtempset

2560 equilib=TIME+(40*TE) :REPEAT:PRINT"PAUSE" (equilib-
TIME) :UNTIL TIME>=equilib

2570 A$="S0":PROCexchange:equilib=TIME+(90*TE) :REPEAT:
PRINT "PAUSE"(equilib-TIME):UNTIL TIME>=equilib

2580 ENDPROC

PLEASE REFER TO *** FOR LINES 2590 TO 2850

2860 DEF PROClastmeas

2870 A$="SL":PROCexchange

2880 temp=150

2890 AS$="AC":PROCexchange

2900 A$="TF":PROCexchange:A$="TR" :REPEAT:PROCexchange:
pause=TIME+5:REPEAT:UNTIL TIME>=pause:UNTIL reply<=temp
2910 AS$"AP":PROCexchange

2920 AS$="FD":PROCexchange

2930 ENDPROC

2940 DEFPROCfdelay

2950 A$="S0":PROCexchange:temp=temp+2

2960 PROCtempset:A$="TR" :REPEAT:PROCexchange:
pause=TIME+S: REPEAT:UNTIL TIME>=pause:UNTILreply>=temp
%g?gogE=150 ¢ IF temp>450 THEN TE=175:IF temp>550 THEN
2980 equilib=TIME+(80*TE):REPEAT:PRINT"PAUSE" (equilib -
TIME) :UNTIL TIME>=equilib

2990 AS$="SM":PROCexchange:PROCfeildinst

3000 equilib=TIME+(8BO0*TE):REPEAT:PRINT"PAUSE" (equilib~
TIME) :UNTIL TIME>=equilib

3010 ENDPROC

3020 DEFPROCPLOOP

3030 VDU2:*FX3,10

3040 PRINT".....ALT CHK. .. ivvv vt nnenns U

3050 VDU3:*FX3,0

3060 ENDPROC
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