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'outcrops‘ orf the O;d . Crow RlverL “Yukon Torr;tory.

‘Paleomagnet1c examinaticn revealed remanent magnetization

A total of 626 spocimena"wan collected in two 1at0ra11y””

ﬂequivalent vertlﬁal .aeqﬁ}ons 'Teach approximately .20m in

"height) from Pleistocene sediments ‘exposed in river bank

’

records of both geologicai' and’ geophysical 1nterest.' A

sequence of three features appear1ng tn both sections can be'
-«

correlated w1th results obtazned from prev1ously . sampled

sect1ons same 5 km upstream. This concordance "between

previous‘ and present results suggests Ca geomagnetlc

v‘)

» perturblng sburce rather than a sedlmentologlcal one.

__The remarkablercorrelat;on observed alTows a  date for
these -sediments -to be established paleomagnetically.
Previous results come from a site where the 0Old Crow Tephra

is preserved. The -unique paleomagnetlc signal assoc1ated

w1th th1s tephra is found in both sections of thlS present

hS

':-study (very good in one, but poorer in the second) and

'therefore fixes the age'of the pertinent 1level in these

.

.sediments. as equ1valent to that of the tephra (149,000ﬁ”
£13,000 years B.P.). -

: . A
hThe remalnders .of - both sectlons show features

con51stent w1th the 1dea of a stat1onary magnetlc source in

the - outer core' whlch has acted 1nterm1ttently. These

'features qpvolve perturbatlons of the remanent magnetlzatlon

vector, along 11near trajectorles, 1n excess of 60° from the

amblent p051t10n expected from a geocentrlc ax1a1 dipole
. '!_~‘ . L

iv '




ﬂ"eld. n‘.lem Atery megnet gwﬁwi% m&%%;_;wgg e'liow -k

" the-hrgeet perturbation cen bé, explained by;qn_aeccentﬂc ’
';rediel dipole at the Ccfe-Mantle Boundar? (CMB) with moment

directed avay from the geoceptre and.as small as about 8% of

“the moment of the ma;n d1pole. Such an outqard moment vector .

would y1eld a patch of reverse flux at tﬁe CMB, verx¢51m11ar f

in many respects to patches of reverse flux currently

existing in the southern hemisphere. N
! o . | - .
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Th bulk'o! the maqnctic tiold at the sarth'l turface has

its, og&q}n in the integior ~of tho planet. Many of tho
methoés uséd goduy ﬁo'analyze the field, as well ‘as. _the
terms used to describe its character, have a considerable
history.. Thus a proper understanding of the present state of

geomagnet1sm beglns with a stud&\of the past E h

. | . ‘
Y ‘l'bagpogﬁln‘, ) - o
| Some ‘properties of magnetism‘ are claimed by. some
" historians to have been known in China as early as the
second. millenium B.C. and the Chinese are credited with the
invention of (t;e compass.x After 1its introduction into
Europe,' it “was noted thué although the needleﬂpoiﬁted
.roughly North (as defined by\ the pole star), it wusually
diverged by a small amount. This angular difference in one's
locat horizontalvplane between true north and the comﬁaséi
‘went by various names but is today called declinat.ion.
Sailors using the compass to navigate ‘had to correct for
"this effect. When the needle was suspended through its,
centre of gravity and allowed to orientate itself ‘iﬁ' three
dimensions, it was discovered that it also assumed an
inclined position. This measure of the field is -called
inclination and 1is defined. as the deviation of the field
from the Iwcal horizontal QI;ne. In the beginning, this

property /was probably a nuisance since the needle had to be

weighted 'in order to force it to sit horizontally and give



n‘and along with a measure of the 1nten51ty;i;jf

'5tota11y deflne‘»the geomagnet1c Vector ‘at a “point of

v;pbservatlon. o ﬁ_;f-:1flﬁ'i blh' -:d .,' __vitf:;“f Qf*f

A ‘f the early stages of compass use, the or1g1n of the- -
force whzch caused the needle to orlentate was unknown and

T surrounded by much folklore.‘In 1600 Slr W1111am G11bert

"1in} hls famous work "De Magnete put forth che Suggestlon,,}?

»that the Earth 1s a great magnet a conclusaon whlch he hadb,:q

from experlmentatlon w1th a sphere cut from 1odestone.cr

ig model was successful 1n pred1ct1ng some of the observed.v”

,characterlst1cs of thE‘ geometry of the f1eld such as thei:f‘

\

1ncrease of 1nc11nat1on w1th latltude whlch was- subsequently'
conflrmed by Hudson durlng his voyage in the Barents Sea 1n;i
-the early seventeenth century o g' : av"~ o ‘:%g‘
~In -'1634»: Gelllbrand dzscovered ithatb_‘the magneth'
‘ \decllnatlon ‘at London changed with tlme. Thls t1me dependent:

”behav1our uof the f1e1d cast some doubt on the s1mple model

'»:of the Earth as a permanently magnetlzed body. It was later

'Wdlscovered that .changes also occur ‘in the 1nc11nat1 n and"

'blnten51ty | ‘ |
gThef_suggestlon fﬁ”the dlpolar nature of the E th’s
"Cfleld d1d however, come to be ver1f1ed Gauss (1839) ‘ih_

‘,hisf spherlcal harmonlc_ expan51on of the f1e1d 1n terms of

b'the sum. of multlpoles, showed the dlpole term to be” dom1nant

and5~‘ine‘th process, 'ver1f1ed thatr-the field

-

’wa".of :
\ \ P



i

/

.‘\.
A

‘ the ileld in terms of 1ts dlpole 'and _ho

s WIth the best data aVailable at - the t1me,»wh1ch were sparse,f)

but subsequent analyses w1th modern data have conf1rmed thatrj
the d1pole term constltutes 95% of the total field vasf seen_‘
at-'the* Earth' 3 surface, whlle the rema1n1ng 5% representsd
‘fhe; sum 'of;ﬂthe non dlpole( terms. From «thls dlscovery

vnaturally grew vthe custom ‘of dlscu531ng the propert1es of1

rpole parts, .af

practlce wh1ch has contlnued to the prese t day.

." - The representatlon of the fleld as a\.sum’ of multipoles

is 51mply a mathematlcal convenlence, and warnlngs have been//

/
,’

made of the potentlal .dangers of th1nk1ng of these

- 'multlpoles as havlng phys1cal meanlng. However, 1t was soon

d1SCOVered that the changes ‘whlch the Earth s f1e1d was;

under901ng manlfested themselves dlfferently in th d1pole :
?
and non dlpole parts. For example their t1me congtants of

‘change were found to be different. Thls led”s'me'authors
(e.q. Barton, 1978):to suggest‘that there may vtually be a
physicall basis wh1ch jUStlfleS the dlscussroé of change in

+
.components. As w1ll be seen later, ‘the mos/ commoFly 1nvoked

i

t o ‘ A , /
the total-field n terms of_ its: dlpolz/“and non- dlpole,

medhanlsm for change in the f1e16 1s movement of fleld 11nes

by -c;rculatlon »of f1u1d in the outer core, and since. thlS-

procéés involves'the ma1n fleld 1t is not at f1rst' glance

: J}'apparent why the two parts\should possess dlfferent modes of -

‘change and dlfferent t1me constants.



(1984)

exist, ﬂ~5For Lexa'p e, Le Mouel

'uthe‘ surface' of the Outer core dlve a t1me dependent change

‘77ca1cu1ateg‘that the types of motlons probably 1nvolved at‘;

" to the non dlpole f1eld yet such motlons are. 'not* 1nv01Vedu'

ina’sustalnlng the axlal dlpolar part of the fleld and thus
‘do not affect it S1gnhf1cantly. | | ‘

The‘ changes~'in the fleld asL recorded ‘at magnetlc

' ’observatorles such as London and Parls (F1gure 1—1) were

3_observed to _occur: prlmarlly as a result of changes in the

‘non-dipole,;part.v»Such studles _rofr the' trme*dependent

fbehaviour of ‘the fleld at -several

"suggestlon that the changes observed at

"drlftlng ~phenomenon. has been’ termedsthe Westward dllft"

J

because the movement 1s predomlnantly westwards Bulbard

. al (1950) shlfted severa} decades of non dlpole fleld data

to  the

;aaround the sp1n axis to the p01nt of best match and thereby‘\

determlned an average dr1ft rate of 0. 2 °/year to the west.
kB
, It must however, be empha51zed ‘that _chang1ng nol .dlpole
'g“features 'are reglonal not global in thelr extent and thus

sthe above flgure 1s an average. Not all of the f1eld drlfts

in a westward sense (1n fact not only do some parts stand

‘still but at some. locatlons eastward drift is observed).
5‘Th15 behav1our has been llkened ‘tO”‘a drifting weather

pattern which predomlnantly drlfts westward but eXhibits

hasrfy',
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Fiaufe 1-1: Incllnatlon - decllnatlon vanlatlons at London
"and Paris (after Gaiber-Puertas, -1953). :



gwte ;:ref‘ln's,he non-dipole fzeld is shown in Figure 1 2 ’X
R{Jes of change of the “‘non- dipole field at ‘the Earth'

surface can ‘be contoured as 1sopor1c{4haps' and reveal centres
of hlgh and loy secular var1at1on* termed Isoporic foct.

Drlft ana1y51s, when oappl1ed to gﬁQSe foci gives a dr1ft
rate of 0.3°/year: westward (Bulfird et al.; -1950). This
hlgher; rate results from the fact that statlonary features
\1nzthe non~d1pole f1eld are th presen& in an isoporic plot
and thus do not contrlbute to br1ng1ng the average down.

Thls is referred to as the westward drlft of the seculan

‘ vamation whereas the former 1s known as thewestward dmft
\ of the non-dipole field. : " o ‘;\

‘That part of the non-dj pole f1eld whlch doesynot appear

I

to dr ft exhibits regions “h change the1r strength ‘with

uegﬁ tlﬂg{ The Mongollan positive anomaly,, for 1nstance has

strengthened with. time at a llnear rate of 53 T/year- over

fthe past seweral hundred years while ma1nta1n1ng the same

latitude and longltude throughout (Yukutake and Tach1naka,‘l

1968) and is now at a’ 1evel of 18, 000 nT. The°evolut10n“of

i

thls anomal¥ with time is 1llustrated in Flgure.l—2. _
The main dipole (glven_ by the f1rst_3 terms in"the
.spherical harmonlC'expanslon) has. also” beéﬁ observed ‘to
lundergo ‘some - time-dependent'behaViour.‘It has decreaSed in,
strength by: 7% over ‘the past 150 .years (Bloxham 8. Gubbinsg
1985) In fact, thlS appears to be part of a larger trend of.

main dipole decrease, as deduced from archeomagnetlsm.‘

@

- ¢
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Figure 1-2: Anomalies in the vertical component of the:
non-dipole field at 1700 and 1922 A.D. Contour  interval - is.
2000 nT, with solid line " denoting +2 -and  dashed line:
representing rZ features. The triangle marks the position ‘of
a  stationar feature which  has strengthed over time
(Mongolian aromaly). The 'star marks a westward drifting

. anomaly (after Yukutake and Tachinaka, 1968).
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intensity of the field suggest that the main dipole moment

vhas fluctuated in: the past and has been as low as half and
vas high as twice 1ts present value (Cox, 1968)..

* The orxentatxon of the main dipole has not altered over
the period of 'dirqpt observation. At presint' the axis is
1nc11ned at 11 5° to the axis of rotation and 1ntersects the

\
surface at 78.5° North 70° West and 78. 5° South, 110° East.

" This departure f?Sh the sp1n.axls is attrlbuted to dipble
wobble.. The nature\ and cause ok dipole ~wobble is not «
understood but apparently 1nvolves a t1me scale of 10’ years

,(too slow to be observed h1stor1cally) gﬁxth an average
departure of about 10 degrees (McElhinny and Merrill, 1975)..

In the modern -field, we have not yet witnessed.a
complete cycle of change of-any non-dipole or/~ main :dipole
feature. For example, if the behav1our were per10d1c, the,/
westward dr1ft1ng features would take 1200 years (0 3° /year)

“to comglete one revol?knon around the Earth and data on the

modern fleld from dlreé% Observatlon go back no more than

" about 300 years. To extend the spantof observation time, it

is necessary to seek out geological material from dwhich we
»might.glean a.chronicle of past geomagnetic field behaviour.
_Certain jsediments may : fulfil' this nequirement, .. The
accumulation‘ of'detrital material, layer;upon layer, yields
a tape recording of the time- var1at1ons of the field. Each

'sample collected from a’ sectlon functlons as a "fossil

COmpass";_ providing a -record, of the direction of the

. t
¢
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the.next section.

'gebmagnetic tiel‘é at the time’ the magrfetization vag

acquired The ‘record obtained is that ..of paleosecular

fvarlatlon. More will be said about the recording process'"in

‘Paleosecular variation records obtained from lake

sediment have provided evidence' of both standing sources

which vary in intensity and sources which drift, Westward

“

dr1jt at various rates (e.g. 0,13°/year,. Creer and Tucholka,
1982; has been observg@, as well as some eastwgrd drift
(Denham, 1974). Features which appear to reprééent standing
sources of varying intens?ty are also evident in some
records (Evans, 1984; Hedlin and Evans, 1987; Latham et a;,;
H987). It musf bé,emphasfzed, however;'that the variations
observed in EeAiments are most oftem of irregular period and
amplitude;(Creer et al., 1976;‘ Mackereth, 1971);' Typical
a%plitude variations for the vector at a site areousuaily
lesq than 20 degrees, from the position of the ambient

]
vector., ] ' : ,

In addition to the above, some paleosécular variation'
fecofds show features wh1ch are not observed 1n the modern
day fleld The most ' important arékipolarlty reversals..'In
such a ~case, the remanent ;mégnetization vector in the’
matgrial has an ~orientation roughly opposite to that
expected ' from the present day;fdfpole field. It usually
remains to be eStaﬂlished as’-to. whether such a record
repfésénts global reversal (g? changés sign) or if it js a

regional effect of some stréng non-dipole disturbance. The



deuietion‘ £rom the direction expected at a given site

(greater than average paleosecular variation amplitudes, but .
leas than a full reversal). Such behaviour is usually called‘
an gxcunslon. An excursion is defined 4s a movement of the'
dipole axis avay frou the spin axis‘with amplitude greater .
than 40° but not fully reversing: "Excursions” in sediment
therefore indicate a location 'of a paleopole (ancient
,geomagnegie pole) vhich is greater than 40° from the spin
axis, - however it must be established ghat such a signal
represents a globan event before such. e term can be applled )

The nature and cause of excur51ons are not understood
o r : . Al

B. Fossil Magnetism

In a manner akin to the alignment of a compass needle,
detrital magnetic grains within a matrix of sediment are
brought into alignment with the'geomagnetic field. Remanent
magnetizaeion acquired in this fashion is referred to as’
detrital remanent Magnetism (DRM). If this prooess occurs at
the time of dep051t10n, it is called depositional detrital
remanent magnetlsm (dDRM), whereas any realignment qeking
place “after dep051tlon is termed postdepositional DRM (pDRM)
(Verosub ' 1§i7f The realignment takes .place because the
‘water- f111ed pore spaces w1th1n the sediment skeleton free

the smaller magnetic gralns. De-watering of the sediment

7



w'uauqlly bringe a hnit fto”*h}ther rulignmnt, It must be’
noted that there are ueveral other torces which compete with

the magnetic, field in ‘the alignment of the

%arg}cles‘(e.g.
gravity, viscous £orces from water flow, etc.f 7

Magnetic overprint{ng of the DRM com@-nept can take
| . ‘ 'Lce carriers.
When 'e#pésed to a field different Iroml;haﬂf%'ich gave the
DRM,” the sample will sometimes pick up a ;_%': in the
direction of “ the new field. ¥ '.'ndiJiéual
grain to such overprinting is a functI®, . X ﬁyength of
time éxposed to the field and of the grain's coercive force.
Since sediment is a collection.of different magnetic grains
with various coercive force values, the-sample as a whole
‘displays a coercive force spectrum. Such ‘ove}printing can
usually be removed. by altermating field (AF)
demagnetization. The vector sum of all the ‘magnetic

components in a sample is referred to as the NRM (natural

remanent magnetism),

vl
" 7y

The above diséussion' deals with the recording of
direction only. The.fggld,'héwever, is a v;ctor and also has
a sfrength associatedMQith it. How do sediments record the
. intensity of the geomagnetic field? The resultant

magnetization results‘}from the preferential alignment of
“moment vectors of individu;l graiﬁs.’ﬂTheoretically,' the
stronger the field, the better the alignment and hence the
- higher the magnet1c/mokénb (:Z to a maximqm attained Qhen

complete alignment is reached) ‘This proceés is complicated

.
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varhbh | conpooition.

' “"i'? Vu-iat:ions “in the,
'magnotic material will qauu corruponding variat
' intensity of magnetization. As a reault reliable pale field Lo

intensitiea are rarely redbverog from sediment,

¥ . . ' \

C. Scope of thesis

The nature of paleoséEular -variation -as. recorded. ;in
sediment - of Plezstocene age from the Old Crow Basin, Yukon\
Terrltory, Canada is examlned Two laterally equ1valent
vertical sectlons (approxlmately 20m and 21m in length) were
sampled at stratigraphic 1ntervals of roughly 10cm, yielding
626 samples. for . paleodlrectlonal study. Fidelity of the
material as a recorder of the Earth's field is established
and the resultant remanent nagnetizatibn sequanées are
examined. Some perturbations present in this sequence of
interest are modelled as sources located in the outer core,
and these are compared with present .day field

a

characteristics. *

It

~
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| 1. S1TE DESCRIPTION AND SAMPLING '
‘The st‘udy akrea‘ is located at latitude 6:Z° 51' N and
'iongitude 139°}48i W.in the 014 Crow Baqin,‘Yukon.Terr{tory,
.Canada (Figure 2-1).. The‘ sampling ;itgs‘(11 and 11N) are .
shown in Figure 2-2, which also shows the lécgtion of sites
15 and HH68-10 (sampled by Hedlin, 1986; Hedlin &-Evans,
1987). The apparent lack of logic ih tHe naming of these

four sites is the result of the numerous investigations

‘ ‘ .
carri&d out by many different res€archers over/theiyast few

LA

. / {
decades. . -

The Basin itself 1is the produbt of deposition in
glacial lakes formed as a result of ice damming during the
Illinoian and Wisconsinan ice ages. Absence of “these lakes
during non-glacial periods éllowed;rivers to form fiﬁyial'
deposiﬁs. The 01d Crow and Porcupine Rivers, which presently
transect the Basin, have cut dewn through this s;fatigfaphy,
thereby allowing it to be studied in riQerbank séctions. The
limits‘.of the‘last two ice advances (Figure ZLT) were such
that the Basin was spared the effects of kglaciation. _Thus
the NRM's " recorded in the sgdimen;slpofgntially provide a
relatively undisturb§d -and continuous record of th;
behaviour ’of the Earth's magnetic fiela during part of the
Pleistocgne; |
A composite section of the felevant geology is given in
Figure 2-3, in which Morlan and Mattﬁews (1978) fe;oggizé
nine units. This stratig;aphy was compiledzfrom several

bluffs along the 0ld Crow valley and thus not all units ‘are
. "'*)y// + . ‘

/ N "13_.’

4 i g b



Figure 2-1: Location of the study area.
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_Figure 2-2: Location of sites 11 and 11N on the 0ld Crow
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shown.,

‘(1986) are also



' Old Crow

 l.-des¢ribed'in the text.

*
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.. 'Disconformity A
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- lce Wedge Cast- —7] N

v

!

e 014 Crow Basin,

L A e
'Figure 2-3: Composite stratigraphy of th

-“The numbers ‘1 through 9 denote the units as recognized by

‘Morlan and Matthews (1978), the pertinent ones of which are .
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'fjfthe un1ts (1 2 3 and 6) are present at 51tes 11 and 11N. The@f

. descr1pt10ns of thesez ‘ ts by Morlan and Matthews are g1ven
B 4

'where requ1red.‘

41 ‘v ,'

~below. w1th addltlonal deté1l from other pertlnent studres f

N . . Ty
e o
Lot o 5 ,&.' : 'I
v .
3 1t

' Unit 1' Prlmary gla01o lacustr1ne clay,. thought to -be - of

vIll1n01an age.

. e

2

:Unlt 2. Reworked glac1o lacustrlne clay whlch may represeht

erosion and redep051tlon of un1t 1 A i

Un1t ' 3:" Interbedded sands, silts and clays;”In'u most

outcrops, the upper boundlgg. surface E thls uhit is

'd1sconformable and is -referred to as d%&”ODfOYMItY A

N

'(Morlan, '1980) Below this- level (generally a few tens of

centlmetres) an ash layer 1s sometimes found This 1is the
b

3 Old‘Crow Tephra which has a thermolumlnescenee age‘of‘86;000

t 8060 years B.P. (Westgate'&'windée,'1986) This age -has

“1nsp1red other researchers to look for ev1dence of the Blake
Event (about 100,000 years B. P ) w1th1n unit 3 at. various

"logat1ons throughout ‘the Ba51n‘ (Hed11n &‘;EvAns, '1987.

Westgate et al.,‘1985) The~age of the Tephra is now under"

diSCussion, and is considered to be 149,000 13, 000 years"

old (Westgate, 1988) The Old Crow Tephra is not present at

 sites 11 and 11N.

fCryoturbation‘featuresimay be present near‘the top of .

this?y unit. ‘At . some _other"locations; volcanic ' ash is

~ preserved in the 'slumped"material present in ice’ wedge.



fU 1fdfé? Glacxorlacustrine clay, w1th age 11m1t at base of ‘t('

i

. ,‘wo vertlcal sectlons were sampled; ' one at site 11

"(henceforth referred to as sectlon KGA) and a second at‘ 11N

‘(sectlon KGB). Thesp sectlons 'are-separated'by a laterafk

diStancev»of 500 m. Both ‘sampled | intervals startf’wg

'approximately"1 ‘m below the contact betveen‘unitsﬂz and 3
.and cont1nue upwards through the whole of unit 3. ,Sectlon;

fKGA spans a little more than 19 m of sedlment and contains

318 samples for paleodlrectlonal study and an add\tlonal 13.

.for suscept1b111ty measurement ‘and” other purposes\\\hlle‘
section KGB covers ]USt less than “21“m, from whlch 308
paleodirectional samples were collected and an additional 2
for susceptlblllty This makes a total of 641 samples';of

which 626 are for ‘hleod1rect1onal study

rSamples were collected us1ng small plast1c cubes (8 cc .

1nternal volume) which were r1nserted 1nto the .exposed

 sediments of the valley walls of the Old Crow R1ver. Prior '

‘to cube insertion slumped materlal was removed in order to.

(f’obtaln a fresh face. The bulk of the cubes’ were 1nserted by

rd

slowly pre551ng them into the sedlment with the leverage

obtalned from az2m pole in order to m1n1mlze dlstortlon of -

the samples, but in the more compacted materlal ,* the- cubes
gwere tapped 1n with a hammer (the dlrect blow of wh1ch was,
:transmltted by a wooden block). Two samples were ‘taken at

o

~each stratlgraphic horizon, - the horizontal distance between




edmmehts.' Wheqpver poss1b1e,; a 10 cm verticel epacingl'

‘between sampled horizons was maintained.
driehtation was accomplished using a Brunton compass
¢ ’ .

(used to measure strike) “and ¢ a specially ‘desigried

llnometer, descrlbed by Hedlin (1986), which'was used to

-

determined 2 from a total of 23 sun bearlngs, to be 033 26"

“azimuth w1th -a standard error- of the mean of 6'. Aftem/

/
/

€ - -
orlentatlon, the cubes were removed from the face, and a 1lid
\J
,‘ I&

was placed on" each to minimize desiccation. Upon retu:n to
,the laboratory, thqm;samples were stored in a'mggnetically

shielded room in which,the ambient field ishless than 50 .nT

- (Reid, 1972). . 1 oo

measure - dip and roll Local 'magnetic declination was |

i
/



' 'NRM measurements weré made on alllsamplesffrOm’SectionhKGh
-",and‘hKGB 'usingfla Schonstedt SSM ‘spinner“tmagnetometer.-s

~ Magnetic moments were. generally low (Figure_~341)}' and

consequently most samples were measured in either . cart
position 3 ‘or -4 (position - 4 being the closest to the
sensor). The'geometriCqmean‘of the'NRM moments for .sections

KGA and KGB combined is 3.8 x 10-* Am’; which is low in

"compar1son to that of most 9eolog1ca1 mater1a1 measured“ugn

paleomagnetlc studles' (1gneous rock " and sedlmentary rock

’ averag1ng~2.8 x 10-* Am? and-1 0 x 10-° Am? 'respectlvely

" (Tarling, 1983)). The n01se level quoted by the Schonstedt

manufacturlng company varles between 3 x 10—'° Am? and R ¢

'0-'° Am2 for the spin times used in this study. The quality

r .
of the NRM determ1natrons was monltored thr'oughout viav the

'

1nternal var1ance obta1ned from the spln sequence° each

sample is’ spun around six axes, w1th two magnetic compogents

&

measured each  time, thus glv1ng four- estlmates of each of'

the three‘ orthogonal components (see Appendlx A' for

details) Figures 3-2 and 3-3 show the NRM data-: for sectlons

KGA and KGB respectlvely. In order to 1mprove ~ the.

rellablilty of these secular var1at1on records, alternatlng

field (AF) demagnetlzatlon was ‘perfOrmed._ The purpOSe of

such  treatment is to ‘'remove any secondary magnetic

overprints which may be. bresent. The presencé’ of these,
overprints may be -reyealed by directional changes in the

- remanent magnetization (RM) vector during progressive

20 o

t
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.i“ﬁ%éidetiéﬁimf v such - ealet, cleaning 10/3"ﬂ‘d t° be

w; complete when the angular movement of the vector has stopped»‘

(McElhinny & Gough : 1963- As & zijderveld 1958) Twenty
pilot samples were selected from,sectlons KGA and KGB (10
from each) and subjected to detailed AF treatment with the
goal of select1ng ‘the most effest1ve peak field level for
blanket treatment Jof the rema1n1ng samples. The equ1pment
used was v1rtually 1dent1cal:to that descrlbed by Murthy‘

¥

(1969). Demagnetization steps were 0, 2.5, 5, 10, 15; 20,

"30, 40, and 50 mT. A plot of normalized moment wversus peak.

field is shown in Flgure 3 -4, The median destruct1ve field

. (that field at which half of the or1glnal moment is

sw¢

destroyed) is 24 mT . -

To assess changes in direction, the results from each
sample were plotted on an equal area projection. This
revealed that the bulk of 'thé samples underwent 1little
movément (only a few degrees) during the first few steps.
After this level, some samples eXperiensed large swings and

.

became more difficult to measure, as thelr moments were

qu1te low (less than 50% qg their initial value) and the
1mternal variance bgcame large. This behaviour is

demonstrated by sample KGA278 in Figmre 3-5. The amount of

movement seen between demagnetization steps depends on the

vsize of the field increment. This can, to some extent, be

cbmpenSated for by dividing the angular movement by the AF

- increment (Figure 3-6). This reveals a broad minimum between

the 5 and 30 mT steps. Since the goal of demagnetizafion is

B 4
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| to rcmovq any aocondary ouhrprihts with minimal debradntion -

4

Ry

ot the: sample moment it was decidod to. chooae 2 pdhk valudh—

‘at the lower end of ‘this broad minimum, and hqnce a peak
field of 10 mT was selected for further blanket trestment"
Dut1ng the in1t1al stages of cleanxng, xt was noticed
that the 1nterna1 var1ance of most samplesy 1ncgeaeed over‘
their previous level fo the NRM measurements. Large
1ntegrat1on numbers (long spxn tlmes) uere employed §ln‘ an
effort to bring ,down the 1nternal var1ance of 1nd1v1dual
measurements and for some‘samples spin times of up to two
hours were used. Even w1th th1s, manx samples failed te
improve, and some still got worse\ It was thérefore ‘decided

that some .of the. remalnlng samples.were not of-adequate

’ *
quality to warrdnt this t1me consumlng treatment. The

-

\

quality debreaSes 'towards ‘the base of both sections, thas

‘all samples in the zone 6 to vlér m from KGA, and those

-

between ’9[ m and 71 m in K&B were demagnetlzed Below these

-

\
levels, only those pa1rs with promlslng 1n1t1al internal

variance were cleaned this amounts to only 14 samples out

.

~of a total of 104 for KGA and 15 out of 106 for KGB.

e

Behaviour of. the p1lot samples predicted that any‘

“4

overpnintS' would - effeotiVeLy be removed by the 10 mT

alternating~ field and _that: the total movement dur1ng thlS

treatment should be small (less than .10° as an arbxtrary,
npper"l1m1t) : The bulk of the samples behaved as expected

however fthe ., remanent magne91zat10n- (RM) vector of six

‘Y

spec1mens from,JKGA moved more = than 10° during cleaning.



. g T -‘v* T e R T p—
it AR CHE ; 1 Gt g . . S o

¥ ®

%

| 'i‘hon . u{npln vere examined in detail by continuing A‘tlﬂn
dem@ganiz‘ation process at § mT steps:}‘&zijda:yo’lld plot‘l\
shown in 'Figure 3-7 show movement towards the origin after
TO‘mT, suggesﬁdng ﬁhaﬁ the chafactefistié RM has, in fact,
' been isolated by blanket cleaning.

| The’resulting.declinétion and imclination profiles are
illustrated in Figqus,B;B and 3-9, The strong similarity of
these plots to their respec‘?ve NRM counterparts confirms
the previous assertion Ythat the choice of 10 mT wes not a
critical one. Note that the data plotted ére that which
remained after an intéfngl variance cutoff of 11° was
applied (see Appendii A for details). Of the original 626
samples only 366 (59%) remain, 180 of the 260 rejected
samples being lost at the base of both sections. wis is‘ a‘
heavy price but wérthwhile as the remaining secular
variation sequenées are of high quality..

The average vector ;émoved during demagnetization may
be~found by examining the Fisher statistics of both the NRM
and 10- mT data. In a Fisherian distribution, a group of
directions is expressed as a vector mean direction with a
- confidence limit de{ined by a cone aboﬁt this direction with
semi-angle a. The mo%t common level of confidence used in
practice is the 95% level, hence this level is referred to
as a95 (see Fiiger, 19%5: Watson, 1956).

The vector average for the 10 mT data of section KGA is
'declinatign (D) 350.5° and inclinaffon (1) 72.3° with a95 of

2.1° (N=180), while the direction of the corresponding NRM
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Figure 3-9; Magnetograms for 10 mT data from section KGB.
‘Internal variance gcut-off of 11.0° has been applied (see
~appendix A for details). L .
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"‘points is D=000. 8° I=74. 3° with 95 = 1 8?-(N-180) Thxsf

| represents a general movement away from the present Earth'
'fleld (82° at 033°) of only 3.6°.. Th1s movement away from
sthei present field suggests that this low coerciv1ty |
“component‘ is a.viscous overptxnt from the present day fleld'
‘at this site (Flgure 3-10). ' | - v ' !
Thevvector ayerage‘ orithe 10 mT data of section KGB is
'D=002.7° 1=78.7° with 95 of 2.0 (N=186], whereaS‘jthe
corresponding NRM p01nts give an average of D=009.5° I= =73, 2°
(a95=1.9). As in the case of KGA, " the movement is small
(2.1°) ’ena is generally away from the preSent field. Table.
3-1 summarizes the‘statistics for KGA, KGB and both sections

combined.



]

- Figure 3-10: »Vector averages for NRM and 10 mT data of KGA
and KGB. The circlés about the points are ' the associated
«95, and the curves are great circles, o
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Table of vector -statistics for NRM and- 10 mT data

of KGA and KGB.
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1V, 'DECLINATION AND INCLINATION OSCILLATIONS -
S | : - |
A. ‘Section KGA | _ -

'_The_sampled seqnence is a functionv of elevation,_ and
althoﬁgh‘ it .is desirable to express the results‘ as a
functlon of t1me, thls is not eas1ly done. The “age‘ of: the
sediment is beyond the ~range. of carbon dat1ng and thus the -
organic :fragments ~occa51onally observed in. the sectlon
eannOt he dated ‘by this means. Although a general rule of
thumb is that_Clays_take longer to be deposited than coarser
naterigl such as’silt and sand, a reliable estimate of the

fexact_time'represented by a given thickness of. sedlment %%ﬁl
‘virtually impossible ..There is, however, one- modlflcatlon

nhioh tanfbe made to the'section to bring it closer' to: a;‘
true time seriesft Sand is generally dep051ted so rapidly
' when compared to silt and clay that it can be approx1mated

as’ representlng zero tlme, ‘and. therefore removed Between 11
and 17 m.there are, in fact four sand layers, totalllng 3 0
m  as »indicated in Figure 4-1, klso note that between the
10;3 m and 10.7 m"narks there 1is a .seqnence of finely
interhedoed\ silt and sand layers ‘539cented with a large
hollow'arrow),fThe.Sand layers here representns4b% of the
Lthicﬁness;_ and"this‘ interval" was therefore compressed

accordlngky The effects of these ‘modifications on the 3
magne‘.brams are. shoWn‘ in Figure 4-2. The ﬁeatures'of

Interest are labelled A1, A2, A3, A4 and A5 (in order. of

# increasing. time), the. divisions being more or less

1 36
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Figure 4-1: Lithology between 10'm and 17 m of section KGA. .
The solid arrows mark the sands to be  removed. The hollow .
arrow highlights the 2zone of 40% sand. -
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arbitrary. Starting at the 4.0 m mark weﬁﬂprogrus upwards‘
through A1, the top of which is arbitrarily defined as the
8.4 m mark. The 1nternal variance cutoff of 11° resulted in
thev reJection of 34 of the original 76 samples in this
interval, leaving only'21 pairs over 4.4 m. Consequently;
the "resulting density of sampling is too low for
investigation of secular variation and the data over this
interval  have 51mply been averaged as indicated (refer to
Figure 3.8 for orlginal data). ,
.Eeature A2 begins at the¢8.4m mark and runs to 11.3m, a
distancev of 2.7m on tﬁisp modified elevation scaler.
Maonetograms -such as fthose in Figure 4-2 faciiitate the
recognition of 1nd1V1dual features within the RM record, but
in order to‘ v1suallze the movement of. the vector in three
dimensions, egqual area plots are more effectlve (Figure
'4-3). Note that only those pairs in which the angular
difference betweenilnqiv1dual pa1r members was less than 10E
are plotted 1in ,Figure 4-3." The reasoning behind this need
- not concern us a? tnis,time and will be discusSed later in
this 'sectionvauffice‘it to say for the present that, under
enforcementfofithis criterion, only the highest quality Hata

are preserved.
N .

The character of the perturbation path for A2 (lefthand

side of diagram) is a 1inear'one, there being changes in
inclination with relatively little change in declination.
The shallowest d1rect10n attained is 35,3° at 22.8° west otl

L]

north. This feature represents a large perturbation




SECTION AB SECTION CD

DEC " DEC
0

Figure 4-3: Declination-inclination equal area plots of
feature A2 (unsmoothed). Internal variance of 11.0° (gee
Appendix A) and within-pair dispersion cut-off of 10° have
been applied. The "X" marks the position of the field vector
~due to an axial geocentric dipole. Each point represents the
average of a pair of samples. Corresponding features from
.previous work (Evans &t al., 1988; Hedlin and Evans, 1987;
- Hedlin, 1986) (5 point running mean) are included. The
curved hollow arrow represents the perturbation point wused
in modelling. : :



(approximately 40) of the ‘local tield away from t‘
direction predicted by an axial dipole field (shown by the
"X"). The reality of this,‘feagure is confirmed by the
presence of corresponding fgatures (shown on right. hand side
of Figure) in-two outcrops over 5 km away (sites 15 (AB) 5nd
Hﬁ68-10 (CD) from ;vans et al (1988), sampled by Hédlin (see
Figure 1-3));kAs stated by Turner (1983), the supreme test
of | the reality ~of a‘ feature in an RM seéuence is
reproducibility in outcrbps separated by Alarge distances.
This test is r?}elyl successful in practice ‘and it is
coﬁmonly observed that for .every signal found "in a single

outcrop there are many outcrops in the surrounding area in

P

which it cannot be found. For instance, Palmer et al (1979)
had t

uble correlating finefjeatureslin their lake sediment
_RM records even over 1 km. A succgssful cbrfelation of the
. feature A2 with signals ‘over 5 km éyfy confirms the idea
that the perturbing souréé is a true geomagnetic field
varlatlon and not s1mply a local sedlmentologlcal effect.
Néxt we encounter A3, which represents a . return to
steep 1ncl1nat10ns from shallow values of roughly '50°
(shallowest‘value is 49.05 at 1§:2° ~wegt of north). The
.ou;ward 'trajectory is not represenfgi, its absence being
attributed to a break between A2 and A3. There is a sudden
jﬁmp in inclination of about 20° which suggests th&t some
t1me 1s not represented here. The end of. this feature is

“deflned as . the \p01nt at which the field has returned to

'steep inclinations and is arbitrarily taken as 14.0m. The
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«equﬁl‘,&;u;ploﬂ: ot Figure 4*-4 rems that the perturbaeion ;]
' path for A3 is alao ljnear, and again ve are able to find
‘correlatable features at sites 15 and HHGB-}O |
Between 14 0 and _16.5 we find A4, This featUre (Figure
4-55 ojn be ¢onv1nc1ngly correlated WIth an easterly
shallowing of the éeOmagnetic field which occurs between
~11.0 cm to +50.0 cm in section ,AB of Hedlin and Evans‘
- (1987)..0n this modified elevation;Scaie,nfeature,A4 spans a
tnickness of 1.8m.which is aporokima;ely.3 times that of the
corresponding feature in section AB, reflecting a difference

in sedimentaﬁion rate. The 0Old Crow Tephra, which is present

in section AB, occurs by chance at the p01nt of maximum

perturbation. Thus the point of shallowest inclination in a4
(14.6m). is taken to represent- the time of deposition -of -
tephra in the Basin as a whole, although'it does not appear
to have been preserved in se&éion KGA. Susceptibility
measurements were made on Hedlin's sampfes from sites 15'and
HH68-10 and revealed that the Old Crow Tephra is present not
only visually at these sites but also as. a susoeptibility

maximum (Evans et al., 1988). If the Tephra is present in a

cryptic form it may manifest itself as a susceptibil
increase. In order to test this, iow-field susceptibi i ‘
measurements were made of all se les from KGA using wé~
Conservation Instruments »Sus'ceputgﬂity meter type M.S.1
with sensor type M.S.1.B. Calibration - with eight

paramagnetic salts showed that the instrument behaved

linearly over the range of interest (Figure 4-6). Figure 4-7
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feature A3 with corresponding features . from previous work

(see Figure 4-3 for full explanation).
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“.,Flgure 4 5 Decllnatlon 1nc11nat10n equal area plots for

(3 point runn1ng mean) and correspondlng feature from- ;11 .0
988;

p01nt runn1ng"’

el to +50.0 cm mark of previous work (Evans %gt aly, . .
‘Hedlin- and Evans,_.1987'_ Hedl;n,u[19, ]
5\ mean) : : ' S R
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wlth the’

‘nshows the results plotted aga1nst elevatlon,*

tkfpresumed h time f“of depos1t1on'7ofﬁ the OId ;Crowh Tephraw
‘wlnd1cated There 1s 1ndeed a s1gn1f1cant 1ncreaseA in the
suscept1b111ty around thls po1nt,,but further work 1nVOIV1ng
a search'for chem1cal‘ev1dencerwou1d be required to. ver1fy
its ex1stence. B | |

The real1ty of A2, A3 and A4 is confirmed by the fact

that 'torrespoudﬁg features ex1st in the. records recovered

Ay

from 51tes"1 ‘ggﬁwﬁhse 10 by Evans et al (1988), and also by

o
hd

the fact that’ all correlatable features occur in the same'
order in{ezch record. Furthermore,fi these cannot be

perturbation 1ntroduced by the method of sampl1ng Sampllng

of soft sédlment w1th plastic. cubes u51ng the“method

, T TR
descrlbed in’ chapter II has been shown to produce a mh

v i

error" in some‘caSes, i.e., a magnetlc component seems t

“added in the direction of cube 1nsertlon (Lovlle, pers.

»

‘CQmm.,~1988). Such a mechanism could not have produced the

shallowing seen'here since the decllnatlon of these features‘
i roughiy ,north! wh1le, the g d1rectlon "ofv push is
"jpredominantly 'east. In add1tlon, ‘the correspond1ng featuresc
in sectlon AB were recovered from cubes whzch were pushed to}

‘the, west, the opp051te d1rectlon of that 1nvolved. 1nw

-+

] ‘ ) A

collectlng sectlon KGA, yet the decllnatlon of all features
7is v1rtually- 1dent1cal ‘These facts attest‘to the fidelityj
~of the 'sediments "n‘ thlS Eegionvyas good recorders of

vgeomagnetlc f1eld varlatlons.»



is a perturbation of thoi

& The most extreme‘ value

atta;ned ‘is‘ 149 2°'dec11natlon and 75 4° 1nc11nat1on.1whls

% -

‘feature 1s 1llustrated in the equal area plot -of Flgure 4 8
Unfortunately, a great deal of faith cannot be placed in the
ﬁorlentat1on of this feature in space 51nce these beds may
'thave. been dlstorted The sedlments contaxnlng this feature
-are divided from the horizorntal beds below it by a sharp
high::’angle plane“ of d1spont1nu1ty.J Although the ' beds
H'pcontgzngng A5 are mass;ve clay and contain no 1nd1cat1ons of
~hor1:'zontal the beds 1mmed1ately above this ,zong are
_deformed and tllted to the south east‘ln what appears to be
an anc1ent slump« Thls massive cl$§ may have been involved
in the deformat1on anq, thus may be responsible .{or the -
south-east or1enta;1oh of a5, | g \
| At this p01nt§w; return to the reasoningg behind the
plott1ng of only those pairs in wh1ch the am?ular d1fferencei
between the two RM vectors of 1nd1V§dual members = of ;sample
'vpalrs was less than 10°, If members -of a palr represent the
. same p01nt in t1me, the1r d1rect10ns of magnetlzatlon should
agree.' Thls is referred to as the w1th1n -pair dlsper51on
' y.and vas appl1ed by rejecting any pairs for wh1ch the angular.
e separatlon in space between members exceeded 10°; Hedlin and
.rEvans (1987) arbltrar1ly used a value-of ~10°, ’notlng that
.thlS is a-: very strlctscrlterlon (the angle - between a palr of’

}vectors must exceed 26° before they ?can statlstlcally be o

: con51dered at’ the 95% level to be from a random populatlon)
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Figure 4-8: Declination - inclination equal area plot- of
feature A5 (3-point running mean). The "X" marks the
position of the field vector due to an axial geocentric
dipole. ‘ :



'thEplﬁeation,~o£j‘th k ,filter to Aslreaulted in rejection of

“oniy a”sfngle pair (&grfuhich the angular separation was"
j16 5° ), thus in this case, ve need not coh%#der further the
ram1f1cat1ons of th1s quallty criterion on the'charactér of
that " feature. S1m11arly, ‘A4 loses only 2 of its original 13
pa1rs (within-pair separatlons of 13 5° and .16.5°) and A5
loses 4 of 23 of which no pa1r rejected showed a within-pair
separatlon exceedlng 11.6°, o |
By.~contrast A2 lost 7 of its orlg1na1 21 palrs.

Consequently,'we examine 1n greater detail the effect of" the

w1th1n pa1r dlsper51on cut- off of 10° on this feature. The

«f

palrs rejected have angular separatlons varylng from 10‘7°
to 27.1°. I1f the bagic assumptlon that he members g% a.!
sample pair represent the same point in -time s v1olated

this criterion‘ is no lohger appllcable. In such a case,

. anguiar discreoancies 'may very »well be due to seeular
variation processes, not error in recorded field d1rect10n

Slight m15a11gnments in elevatlon are possible, since the
.MEasured elevation is only accurate to * 0.5 cm at best,

High»temporal:‘1st'“derijatives of ‘the geohaonetic field
direction and/or slowrdeposition rates will yield zones»of
high spatial 1st deri#ative in the remanence sional; In such
- intervals, it may be 'n;:essary to relax the within-pairk
dispersion oriterion.'The question of how much to>relax is a
diffieuit one, It is best approached by totally lifting the
fllter and observ1ng the comBequences. Figure 4-9 shows the

outcome.  The important Moint is that the essential

2 TS SR ¥
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Flgure 4-9: Decl1ﬂat1on 1nc11nat10n equal area.plot for A2

with in- palr - dispersion criterion removed. Individual
-*members of pairs with.-angular: .separations ' of greater than
i20° are plotted as squares. The new points with angular

- separutions of greater than 10° butg less than 20° are

-averaged and plotted as circles for tMi’sake of clarity. The
'quares are joined with the lines which represent <the
minimum path" length The . curved arrow marks the position of
the prev1ous minimom in-inclination from f1gure 4-3,

-~
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‘vcharactcriat’ics with reapect' i:oh the pattern ,Pf,,;‘?!f’
the geomagnetxc vector remams unaltered but the f
’reinforced by the added points.\ The‘ only change whi%n
'reeults is the extension of the s1gnal to  shallower
;nclinations (16.5° at 12.5° west of north). For comparison
the position of the previous extreme is indicated. g
Feature A1 also suffers under the w1th1n palr cutoff of
- 10°, losing 12 of its or1glna1 21 pairs. The average of all -
'uectors is, decllnat1on 340.1° and 1nc11nat1on 71.1° w1th a95.
~'=‘ 3 3° Removal of all paifs vhich do not meet the
w1th1n—pa1r cutof y1e1ds an average of declination 346.5°
and inclination 71.5° with a95 of 3.6° wh1ch is not
~statistically " different from the average of all samples dn

Al at the 95% level. THMus the final result'remains the same.

L 4

B. Section KGB

Adjustments co eievation for two sand layers ‘between
the 8 and 10 m marks (total thickness 1.3 m) werd made as
was done for sectlon KGA. The resultlng sequence i's shown in
Figure 4-10,. w1th the arfows on  the left marking the
positions of the reyoved sands and the features of 1nterest
indicafed to the right. In sectlon KGA features A2, A3 and
- A4 coUld be confidently correlated w1th signals reported by -
Evans et al., (1988). A 51m11ar sequence of three features
can be 1dent1f1ed in section KGB. Bt (from 4.0°'m to 11.0 m,
a thlckness of 5.7 m on this modified elevatlon scale),,BZ

L
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Figure 4-10: Expanded vefsion of Figure 3-9 after removal of
arrows).’ -

two sand 1layers

(indicated by

the“ horizontal

Features of interest are labelled to the right.
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(11 ,,° “m to 12,87 m) ang haazmrnz e7 M to 14,5 m) are. :nplnt&niw
on the equal area plots of Figure 4 11, vith *the
corresponding signals from the sequence reported by Evans et
al. Note that the 1ncreased noise level requires that some
smoothing be Gone, the 3 horizon (6 samples) running mean is
plotted here. Admittedly, at first glance the correlation is
not as strong'as it is for A2 to A4. The similarity of any
individual signal with its"counterpart iésnot as good here,
as for ex:;ple the case of B2 where the shallowing of the
vector trends northward rather than west of north. 1In
addition, only tho return trajectories from positions of
shallow to steeper inclinations are represented here by BI
and B2. However, the fact that three sinilar features in KGB

appear in the same order and at approx?mately the same

elevations as those in KGA makes thechcorrelation more
convincing. Section 'KGB thus provides wuseful supporting
evidence for the reality of the'geomagnetié features evident

in KGA and in the work of Hedlin (1986).

1

Features B1, B2 and B3 .are- taken from a zone of
horizontal bedding. Above B3 we encounter two intervals of
tilted strata. The first of these is labellod B4 and rnns
from 14.5 m to 15.8 m. The dip of the strata is 29° west
with a strike of 162° azimuth. Figure 4-12 shows the pattern
of movement on an equal area plot with no tilt correction
applied. There is no interesting pattern of movement to thisr

signal and as a consequence, it is not discussed further.
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Figure 4-11: Declination-Inclination equal area plots for
features (a) B1, B2 and B3 (three horizon (i.e., 6 sample)
running .mean). Internal variance of 11.0° (see Appendix A)
ahd within-pair dispersion cut-off of 10° have been applied.
The "X" marks the pgsition of the field vector due to an
axial ceocentric dipolet Similar features from previous work
(Rvans et al., 1988; Hedlin and’Evans, 19877\Hg§lin, 1986)
(5 horizon running mean) are included. " ‘ ;



with no tilt

‘Feature B4

4-12;

Figure
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Above B4 the boddin% tilts in the oppcsitc diuctiou,mw "
dipping between 20° East and 26. 5° East with strike vnriﬁng

- from 010.0° to 017.0° azimuth, The end of the feature in

this interval (BS5) is designated as the 19.4m mark, as the
beddin7/éudden1y returns to horizontal at this point. An
egual ' area plot of the data before and after correction to

the tilted zone is presented in Figure 4-13 (the signal Bé6

from the horizontal beds above this zone contains only 6

MEairs of which tﬁswbnttern on an equal aﬁgle plot 1is not

interesting enougﬁ, to warrant further discussion, but is

included 1in the Figure for . completeness). The zone
29

containing BS is separated from the sediments below it by a

- steep plane of discontinuity, above . which the package of

sediments is undeformed internally and is tilted as a block,
the general character being reminicent of an, ancient -slump
feature. I1f the sedlment layers we;e orlglnally deposited

]
horlzontally then the cor;eﬁilon made to rotate tilted beds

. back to the horizontal assumes that the rotation has taken

place “about the existing line of strike. If this is not the

case, declination will be in error, thus one must view the

tesulting declinations with caution, but the inclination

will be correct. With or without rotation, two remarkable
characteristics of this feature remain clear; it 1is linear

and large. The RM vectof moves in a definite linear fashion

" for an angular distance of'70.5°..This angle is based on the

poinfs indicated in Figure 4-13. All solid triangles and

circles have had an arbitrary within-pair cufjj?f of U10°a,



‘before :
. ceorrection

I o Y200 .
Figure 4-13; Feature BS before and after tilt correction.

V,The solid trlangles are feature ' B6 (horlzontally bedded

':sedlment) ‘and have had internal " varlance cut-off of 11° and .
~within-pair dipersion cut-off of . 10° "applied. The solid

'c1rcles are feature B5 (strata tllted to the:.east), with the -

same’ ‘cut-off .criteria as above.,The solid c1rcle with the
ring around it represents the new ‘minimum in ‘inclination
when * the within- -pair cut-off is-removed. Before correction
‘plot shows B5 with no tilt adjustment, whlle the lower ‘plot

- shows ' BS§ ‘after  correction for tilt.- The ~"X" marks the

Z'posztlon of the fleld due to an ax1al geocentrlc dlpole.m{l

T



';]oof whlch all but onetfav'

w7ta“p11ed Under thle cutvofbeSVIost only 7 out of:'"

the l1near track deflned by‘

o?the remalning p01nts. The single palr whlch falls' outs1de HE

uth1s range is plotted in
f‘flgure captlon) and has a wi‘ \ r'eir‘ separatlon of only‘_
11.1°, U51ng th1s polnt in the prev1ous calculatlon g1ves a
‘total angular movement of ‘90.8P Therefore, a}though the
~true .or;entatlon " of thie feature is’ not‘fknown,?iit‘
‘tﬁevefthelegsf, pteeents evidencef ofb " a ,third" ‘linearf‘t

‘perturbation in these sediments.

Lol ‘
ure as a czrcled dot (see" ‘



typlcal paledsecular var1at;on ﬂecords generally resemhles a -
plate “of spaghett1 | (Constable"and ‘Mcglhznny, 1985,‘p.}
117). Features A2 (=B1) and - A3 (aﬁz),;;hOWever) 'ddSplay'
‘perturbatlons' of"the q;omagnetlc' freld vith‘renarkably‘:

l1near trajector1es and hence are ‘of great geophy51cal
;é“v : .

‘1nterest ‘ These 51gnals‘ ;re‘ the type to be expected from f.‘h“
-stat1onary sources of secular varlatlon (Evans, 1984) ..

'

'oppOSed to 'the commonly observed westerly drlftlng sources

descrlbed in Chapter I. They have therefore been selected'

i

for a more, detalled analy51s 'w1t% a view to determ1n1ng

‘their likely origin.

_' .

A, Modelliné of features A2 and'A3
.'nfa_f,an;ahis’sectionbthe goal is ‘to develop‘ the simplest

thSical model 'gapable of expla1n1ng the observatlons. We
Ll
therefore start by calculatlng the m1n1mum perturblng fleld,'

. s
necessary at the 51te to generate the observed features. The'

'mlnlmum pertufblng vector (Hnu@gkls perpendlcular to' the .

ot 14

Lt .
resultant vector (R) (Flgure 5 1) In vectorlal terms thls
- is equ1valent to the subtractlon Of.'the background fleld

,vectdr '(Fr”— due to a geocentrlc ax1al dlpole) from its -

I
‘“-pTOjeCtlcn ﬁthhe perturbed one.{;

'Fh d1rectlons : and magnltudes qf ‘Pminv‘forl the %
'shalltwest 1nc11natlons in A2 and A3 are llsted in’ Table_'. A

5= 1 Since the magn1tudes of F and R are unknown, Pm1n ‘is

~

60
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‘;Aexprasseﬂ as a perc.ani‘ge of. a. 'rhc,... smalleg parturbing -

;f1eld necessary to expla1n A3 (the smaller perturbatlon of
~ the two) is 51%: f‘ the ,amb1ent field (geocentrlc xlall
tdlpole) ThlS amounts to a f1e1d at . the Earth's surface’ef
WES 600 nT (for a main dipole moment of 8- 1023 lAm*, Ehe‘
| present day value)‘ directed at 29° _west ef north and 41°
upwaras. Not'oniy'is this anomalous field intense, but“ it
points in th¢ wrong 'd}rection to that expected‘in the
.northern'hemisnnere kthe z comﬁonent of'which,is expected to
eoint ttewérds vthe“eeocentre). In the case‘et tne greatest
s&allowing of the field (A2)tthe perturbing field is 89%! of
tbe intensity of the naﬁn field and eerresponds to 52,000 nT
~directed 22° west and 74° upwards. This is a very intense
anomalous field directed.Aaimost"radially eaway " from the
geocentre. | .‘ | ‘t o |
The source of the perturblng fleld can be modelled As.a
,‘radlal dlpole (r d ) at the Core—Mantle Boundary (CMB)

F

Representatlon as aadlpole source 1is only a convenience., It
" has long beenAargued that the sources of. secular varlatlon”
are, in fact[ electric currents flowlng in the outer skln
Gkapprox1mately 40 km) of the liquid outer core (Lowes and‘;

Runcorn, 1951), while Ehe‘ centrlbutlon ofvdeeper current.
_systems ’\o rapidly - varying B is.,‘syﬂﬁiessed by
'eleCtremagnetﬁc shielding. This skin depth rouqhQ'
calculation'based,‘on a plane ~wave and solld é‘ﬁ&uctor
vpossessing typical values of pertlnent core parameters. A

more recent detailed cabculatlon by Le Mouel and Courtlllot




-’

LA

'
o |

""5“1983) Wsing;a:dffferent‘techniﬁﬁb‘gives estimates of 100 té,%iy‘ﬁ*

zoo Cxm

S1nce the moment perpendlcular _to »a\ glven

dcross-section is. proport1ona1 to the current dens1ty times

the area of that cross- section, the section with the

greatest area will contrlbute most to the total moment

(assumlng constant current den51ty) Since the SV foci ' have

approx1mately a 10,1 ratio of horizontal to YertjCal

orhthe thickness”of the outer port1on of the outeri‘,

‘ .core_fthat gives rise to secular variation‘ (sv). 'The‘g
hégi' 1 dimens1ons of typ1ca1 SV foc1 are on the\oﬂﬂer ofi ”
: 1606@

dlmenslons, the product of current density‘ and horizontal,

area will domlnate. The equ1valent dipole’ moment vector for

-

such a- 51tuat10n wlll have a radial orientation. This 1is a

suggested prev1ously. Indeed, radial dipoles ~ha§e provided

good.. fits to both the present day non-dipole and sv f1elds

(Alldredge and Hurw1tz, 1964; Lowes and «Runcorn,, 1951;1

Alldredge and Stearns, 1969).

The perturbed and unperturbed dlrectlons “.at the 51te

¥,
can be used to prov1de the locat%ons of p0551b1e r.d.'s .

wh1ch are able to expla1n the observatlons. R and F defzne a

plane in_ which such ‘a source must l1e. The . assumptlon Egat

. [N

;? the source must lie on the CMB further constralns 1t to a

locus &of p01nts, and’ the flnal pos1t10n,0f ‘the minimum r. d.

¢ -7

can be. foahd by 1terat10n asSwas done by Hedlln and Evans

-~ -.,
. \... B

phy51cal 3ust1f1cat10n for the use ‘of‘ a radial dipole




thbn@he mnimum) to pr‘nawthe graph shown ,,:tamrigure 5 2.

P01nt 5 represents the posit1on of closest approach to thej

*,

51te‘a

] it is from this p01nt that the angular d1stances 1n
Figure 5 b are measured;‘ Po1nts 2 and 6 represent the.
‘m1n1ma for the inwardly andw0utward1y directed ‘fment r. d.;
pblytlons respectmvely. The ,gap betw€en the two curves '

regﬁlts from the fa%t that the geometry does not 'allow any

§ vy ‘
r.d. solution in thmg 1nterva1 ‘ ’ {

v
»

Inspection of Table 5-1 reveais that Jfor all three
flnc11natlon mlnlma modelled the minimum perturblng vector

f is d1rected away from the geocentre (negat1ve 1ncl1nat10n)
This can result elther from an; r. d. ‘close to the s1te with

¥

an outwardly dlrected moment or ~from an r.d. A10cated
‘somewhat further away W1th ’ah’ 1nwardly directed-dipole .
[ ’ :

moment ., Obv1ously the latter w1ll have greater moment ‘than

the' former due to its greater dlstance from the 51te. The

minimum.  r.d.'s - required to 'pfoduce the observed

perthrbati* !g are given in Table 5-1 and vary from 5% to 9%

of the strength ot the main d1pole. - The correspondlng
1nwardly directed r. d. s for the same perturbatlons are much
hlgher (35% to 131%) leav1ng outward moment r.d.'s as a much.
more attractlve model..The fact that;mgments of~only a.few
bpertent are required in order_ to exéiaih these results:
1underscores. the .robustness of thls model {i.e. stationary

eccentrlc rad1al d1poles whlch pulse in s\ ngth) Maiin'and

.Bullard (1981) were able to explaf; the loo 1ng behav1our of
. ¥ .
‘the fleld at London over the past several

' :'~‘ ‘w. '

- by
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d1rectzon. The fact thqt other secular var1ation features of

2

ﬂgdciftihéuan~~r;d. ~of. 3% past: that ~gite

the geomegnet1c field, such as the ones . be1ng examlned.Ain
th1s study, are 11kew1se explalnable by r:d.'s of only a_few’
percent makes the outwardlx d1rected moment solutions' very,
‘cred1ble., ] |

These results represent the lowest’ possible value that
the;ﬂr d. can assume 51nce‘they are placed at the CMB, There
vare;‘however, phy51cal reasons why . they shduld~ be placed :
deeper. The equ1valent dlpole for a spherical cap of current
would be at some distance belou‘the CMB, but the appropriate
depth 1is hbt kncwn. Lowes and;kuncorn (1951) fitted dipoies
to the SV fﬁeld'ehd found the majority of them to be radial
and at a dlstance from the geocentre of from 0.35 (1,200 km
. below: CMB) to 0. 55 Re (roughly on the CMB). Much greater
depth, ‘correspondlng to a distance from the geocentre of
0.28.Re (1780 km below the CMB), was determined bfVAlldredge
and Hurwitz (1964) wusing best fit r.d.'s to represent the
present global non-dipole field. Ih order to assess the
effects of depth variation on the‘results.for A2 and A3, the
change in the minimum,moment of the.inwardly directed‘ r.d,i
‘with increaeing depth below the CMB is illustrated in Figure
"5-3. As ‘an upper limit we may examine the effect of placing
the r.d. used to. explain the most extreme ve1Ue'of A3
(declinataon 347,5, inclination 16.5) at a depth of 1780 km.
(the maximum depth given by Alldredge and Hurwitz). The

Figure shows that an outward moment r.d. of 35% will explain
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this featurs and Tesser valuss are ‘obviously required “to
explain the other shallow inclinations listed in Table 5-1.
It is not known how strong such r.d.;s‘may get, ‘hoWngrv it
is probébly reasonable to be suspicious of solutions‘which
require moments in excess of that of'the main dipole, This
result emphasizes the fact thaf we need not invoke/moments
of mﬁch greater than one third the ﬁaid dipole \moment even
in this extreﬁe case. In contrast to this, the inward moment
r.d. solution for even the_smgllest perturbation value‘ of
“the three listed in ‘Table 5-1 (declination 340.9,
inclination 49.0) must exceed the main dipole (108%) when
placed at thése ‘depths, once again showihg the outward
solution toibe the more attractive solutidn.

.

B. Comparison with the modern field

The nexf\ﬁgsfiion to be addressed 1is that of the
existence of similar sources 1in the pgesent field. As
pointed out previously, m;dern' field observations extend
back 6n1y a fraction of the postulated period of change for
“Pon—dipole-features. In addition, the Earth's field has had
a %ong Hﬁstory ofIChangg of which we presently sge‘only one
" of mény possible coﬁfigurations. Hence it should not greatly
disturb us if a perfect analogy to the médelled'perturbing
source cannot be found in the present field.

As  distance ' from the  €soﬁrces increases, the -

characteristics of an individual 3%omaly may be obscured by

its neighbod?é. It 1is therefore more desirable to have an
] . e .

) |\



' #*

;.-‘u.nxpzuﬁion «{‘?r the- gsmqnﬁ:«ic ﬂala ot tl’l\

at the surface if one is to hypothesize about posaibie%
sources' for paleofield results by studying ‘hodern _dn;wii
f analogues. Downwardly continued maps of the field' have bbup\
produced by Bloxam and Gubbins (1985) from various data of
the Enrtn's field spanning several aecades.

Thp ‘modelling of features A2 gnd A3 revealed that an
r.d. with moment vector»directed avay from the ge;centre is
the most plausible perturbing source. Such an r.d. would

produce a patch of concentrated reversely directed flux

ver&ﬂaally abqve itself, 1i.e., contoured values of tne Z
component of the field would reveal a circular patch of flux
fdirected away from the geocentre in thé northern hemisphere
where flux is ng;méily directed inwards.‘Such'patches do in
fact, exist today, thevmost prominent being in the southern
hemisphere (Fiqure 5—4a).' The reversely directéd - flux
(inward for the southern’ hemisphere) of these features is
claimed by Gubbins (i987) tovbe respdnsible.for»the 7% drop
in the main dipole over fhe last © 150 years. Over this
peridd,_ both anomnlies havé ’ing;nsified.' This rapid
intensification makes them attractive analogues to the r.d.
model used to qxplain A2 and A3. As Gubbins points ?ut, we
have not yet seen a complete cycle of growth and decay of
thesé'featureé, éo we have no idea 6f the time scale and
hence our wunderstanding of these features is incomplete, -
,Over"L;he period of observation, these anomalies have

~exhibited some westward drift and consequently do " not



"Figure 5-4: (a) Reverse flux patches at the Core-Mantle
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interface in the 1945 radial field component, Contour
interval is in 100 microtesla. (adapted from Gubbins, 1987).
Profile line used in Figure 5-6 is indicated. (b) Radial
field at the CMB due to a radial dipole,of moment 1% pl‘ed
at 700km below interface with outwardly directed moment.
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'f--statlonary However, the movement has slowed somewhat

‘:!’make further analy51s worthwhlle."”

requ1rement that the sourcefbei

4

more ' recent ’trmes.-j Desplte : thls movement the'”l

\

e character1st1cs of reverse flux wand rapld 1ntens1f1cat1on;u‘

9,

.yr,

A

The anomal1es ‘in Flgure

lan and suggest _sources Whlch can be modelled as radralj}[fﬂ

d1poles.VWe can therefore obtz1n minlmum est1mates forfvthe},

,\‘_ wal e

: moments’ of thé paleosources in the followlng manner. Gn thef

orlglnal plots (Gubblns,, 1987) there re'dno" values:"ofw

)..-'

Zcos0€) greater, than 300 m1croTesla. For the colatltude at,1?

: wh1ch these anomalles occur (6 approxlmately 50°=l§) thlS

'a'corresponds to, approxrmately 460 m1croTes1a as a max1mum;"

»vJ the moment of the present day:*

[

0 m1n1mums for the ratlo of theu

.e541); To be conservatlv

"~

that the radlal fleld ”(Z)Twméy:‘“

-nt of the paleosources toi

’rces -(Mrd/Mpd) we must“_4

b

As*we'haYQJJUst éeen 'the present day _50urCe“may -have:@a o
EA » : : ) . S
max1mum ~of 460 wmlcroTesla at’ the CMB wh1ch for a glven

dqpth flxes the upper 11m1t of Mpd The lower l1m1t for Mrd_-’:,

obtalned by u51ng

N < /
p-we appreach the,problem by us1n

,;e mlnimum outward solutlon (Tablef

the l1near feature Wlth the smallest perturbatlon (1 €. Ab'jf'

qu.

Calculatlng Mpd VaIUes for‘ varlous depths below the C B

-

‘=U51ﬂ9 hev 460 m1croTesla l1m1t on Z and d1v1d1ng these byd[?bi

the Mrd of AG obta1ned from Flgure .5 3 f P correspondlngff;;;?

depths glves the curve °f Flgure 5 5 wh1ch represents thef'

4a are roughly c1rcular ‘mfh“*

.zttaln.~ Slnce ;wej seek a,

hthe largest value of Mpd and the smallest value of’ Mrd. o



et - X
[ o

Mlnlmum

values

a o

of

0

ratlo‘ »




‘*@r;minxmum QsideéV ofﬁl Mrd/Mpd. Th1s vaﬁuekg’decreases;
:;fmonoton1ca11y WIth increa51ng depth and therefore we must'
'1dent1fy the maxrmqﬁ;depth ‘at Whlch we may place the r.d. in’
"‘ordér to f1nd the m1n1mum rat1o. Thls fis‘ determlned byﬁ

_tak1ng a proflle across the feature of 1nterest in Fmgure:

'~5 4a, plac1ng r d ofr various strengths-'atv dlfferentf

.‘,dﬁﬁfhs below the anomaly centre and exdmlnlng the f1t..Slnce;

%

th@ starting p01nt 1n th1s procedure was a smalll publlshed

’ *1d1agram, .a rlgorous f1tt1ng procedure is not Just1f1ed, and

{glven that we seek only'an order of magnltude compar1son a-
" 2
fit ,by eye is adequate. Flgures 5 6a through 5 -6C show the

"procedure for i an d. s of moments (Flgure 5 6b), S%V'(S
tlmes greater - F1gure 5~ 6c) and 0.2% (5 times less --Figure_
J»*.,L . :

- 5= 6a) The best f;tt1ng curve &t Flgure 5-6a (depth 41dkm5fb

underestlmates most 'of the values on the flanks.'A better’

';“;flt 1s prov1ded by the 1% r. d. at 700 ‘km (Flgshe 5 6b) wh1ch§~

.also has th e advantage that it sllghtly overest1mates the?d
's'values of Z and hence glves a max1mum depth ?1gure 5 6¢
‘ishows that once A‘QAfﬁe of 5% is reached - a good f1t cannot‘
‘7be found We select ‘the 700km‘1% solutlon,xand reference ‘to'
f Flgure 5 5 then,dtves a ratlo of at- least 12 to 1. The same'
lprocedure u51ng perturbatlon A2’ w1thout the W1th1n pa1r'
-cutoff ggves‘ a ratlo of 16 to 1. Therefore 1t appears that |
i_t paleosources = requ1red f'top explaln the observedi
[perturbatlens are at lea;t an order of magn1tude hlgher thanu

.a

S Qgesent day reyerse flux features.,ﬁf"g "-‘ -
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| | “ﬁmately 20 “m
ert1ca1 *extent) exposed in the valley ¢“1ls of the Old o

row R1ver display features Ofv “both' geolog1ca1 »‘andjf

iN '

N : ‘w :v,’(‘
e

geophy51ca1 _1nterest.' The Tact ‘that a sequente o?cthree ».f

feptures (AZ A3 and' A4) can be correlated W1th pﬁevzous *§?
Ay SN O‘ ¥
‘ﬁ,ifxnd1ngs from othe]

",

AhvseCtlons upstream supports thelr V

ﬁ’neallty, and ghe falt that these and the prev1ousl

-.sections are separated by over . 5" km favours a geoma

L]

perturblng mechaniSm over a4.§QF1mentologlcal one. 'Thjsv

remarkable correlatlon of thre:,
N R .3
' establlshed for these sedlmentS‘by Qaleomagnetlc ymeans. A

‘

volcanlc ash (the Old Crow@Tephra) present at the outcrgp at

eatures allows a date to be A

Sy

o
which Hedlln and Evans (1987) recovered theli_qecords showed

a d1st1d@%1ve paleomagnetzc 51gnatu5§. | .ggex of this .
, ’tephga is currently belleved to‘~ be- 149 000 +13 000 years

: (Westgate,"1988) and thus ;edlments at - the 14 ém level- in .
g " KGA Whlch d1splay thls characterlstlc paleoma;m:tlc‘%s;gnal |

¥ . -
are belleved'wto represent thlSv age, _ile Vthe tlme of

depos1t10n of the 014 Crow Tephra in the Ba51n. The same RM

51gnar [is suggested at tg%he 13 3m " mark 1n,sectlon KGB,""

~:a1though the qmallty is not as good ;‘_ . L - Q:A, ;;(i
b ""The paleosecular varlatlonf sequences regovered also o

d1splay behay;our cons;stent w1th the éx1stence 'of' seVef%ﬂ

P

- cycles of growth and decay of statlonary sources at the CMB

Ehese 1nvolvé perturbations of ;the'lRM‘;@@ctor' in llnearr

> s
Sy, . R o s



NG 3 : : Bt Rt
trajector;es 'Up to 62 4_ from the ambient posmion dictat'f

an ax1a%‘ge0pentr1c dlpole fxeld Such ﬁeatures can‘ be‘

‘5

‘ eaiﬁly modelled by elementary magnetostat1cy

'<‘vi,«."~.*°’§1ac1ng an eccentrlc rad1al d1poleim‘3§!h§ CMB. The ) st'rength .

- for an:x d., the moment vector of vh1ch 35 dlrected outwards

theory“hy'

(away from the geocentqs) need onlgﬁ “~a few percent of the

B < M

““?dlpoie, f even ‘ ;n ,jthe;

fec (decllnathn 347 5 1nc11nat1on 16 SL The results \for the

',ai

1nwardly dlrected “moment . r.d.'s are alWays.

-

bOVe ,perturbatlon,

)fn}amuch hlgher and in 'the' case
4 éxceed ‘the strength of the maln dlpofe 1@90&% Th&swleavg@
. the;outnamd solutr@h as a much more agtract1ve explanatlon.‘l
‘Such r‘d's°'would prcduce patches of concentrated reverselz;

dlrected Jx at the CMB (1 e., outwards in the- northern,
hemf” ;re | whefe ‘flux ‘should be 1nwards) »No perfect

ianal'f”e can be found 1n the modern f1eld uﬁi patches of

rapidly 1nten31fy1ng Leversely dlrected flyx do ’GXISt.'

Slmple magnetostatlc modelllng of such ah.pgtch currentlyﬁ

éx1st1ng in‘ the. southerw hem1sphere demonstrates thgt a

A

' radlal dlpole w1th moment approxlmately 1% of that ‘Qf the‘
ma1n dlpole produces excellent f1t whg;”placed under'
) these anomalles at a depth of © 700 km helow the CMB At this

) £ ; .
:{ §\me depth r.¢.' s ranglngffrom 12% toIJG% are requrred to -
}fexpla1n the Teatures A2 and A3, thushsuggéstfng an order of
= S T

magnltude d1fference.- N R ‘g,“fﬂ SR

,
2 R .

As Bloxham and Ghbblns (1985) mentlon, the pattern ‘ofl

| fluld. flow ,in' the" outer cofe is wunlikely to.‘remainf,



"‘stationery with rm:pect t:o€ the mantle, so the existence o
static features implles that thttt flow must " be coupled to

. thei lower mantle im.'v some tegions. The couplmg mechanism .
f“could be therma\l electromagnetic, topographmal or some |
comblnatlon of! these Topographlc couplmg seems plaus1ble

msofar as Fecent seismic tomograth feillts suggest that
Sy ’

ﬁy *ex1sts today a‘t,‘,'the CMB. a;i:xidthus ‘there is no |
to be}leve, that it would not have existed in the
?h{hde and Mal‘in' (1971) demonstrated that evﬁ smaﬁy
:h-'f:‘,fj‘sca%%@% rellef (small on the. planete.,ry scale) of only.

fav.® g 3 j 2 { _ .
a/kwi ?-kllometres- at, the CMB. could .cause fluld flow

pert] 'ons which could penetrate to great depth gl chin
‘the;g ‘ Thé geheral 1dea is that flu1d flow enco termg
\‘?::l‘oéé;t‘dpogzaphy on the CMB is indUced to f.iom in what _"is
‘ﬂ.ogk’ely «t:rmed%‘a eddy", and whatever .the exact motlon 1s;

,\ TN e - ) i
.pt 1§ s,uﬁfzcmnt to ge

N

, f6c1ty>*d"magnet1c field 1nteract10n. Certainly {he

r_,‘ regular appea!a‘nce of several l1néar , erturhatlon features
't in \t-heée ﬁaleosecular .y;‘Mr records (and the lack of

such fee{tures An most oth.'er' . RM records from a

" rat-e magnetic 'f'lux by virtue of the

~

“’ world) sug?ests' that there was' some property
mhlch was - ‘in the past 1nducmg tthese sburces to form and/or

'kausmg them to be locallzed in the’ ~general v1c1n1ty of thls;

» Si’te.’ ‘ "'l - ) ,‘ ‘ | ,' : ‘:9,
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T Apmt” A= 'rh.ta ,‘, e

I "o

*

v The purpoee of the work here;n is to establish a’
relatlen§h1p between "theta" yplues obtained from the
. Schonstedt SSM-Z“aHd Molspin (Molyneux, 1971) magnetometers. .

Theta is a measure of the internal variance of a measurement

£ A4

and. 1s defxned as:

-‘(V(dlsX’ + dis¥Y? # dxsZ‘))
moment

where disxX = zvz(i—x)= ’

oy

ﬁpheta = sin

and similarly for disY and disz.
" The valoe obtained from a 'sample fs a function of (a)v
magnetometer noise and (b) inhomogeneity of magnetization.
(a) In order to assess the effects of noise only; we
require a perfectly ﬁomogeneous specimen; For most cities,
‘air ,’will ‘suffice: for this purpose, and thus .the
magnetometers were operated with the sample holders empty
Theoretlcally, noise will be reduced by the act of stacklng“
tooether repeated measurements on a single sampLe. This
process is refered to as "integration" and the number of
determinations stacked in called the integration number. The
noise level at ‘different integration nuTbers for both the
. Schonstedt and Molspin are shown in Figure-A—T “,
" The Molspln has a tendency to drift and consequently’at
long 1ntegratlon numbers (long sp1n tlmes) 1t 1s vunabfe to
'Jif3atf“1; lhé lowvno1se levels posszble in: he Schonstedt. ‘The
lowest levels attalnable for the Molspin and Schonstedt are
: ®
of the order "of 1 x 10-’ and 1 x 10—'°‘respectiVely:/%ote
'that although the Schonstedt approaches 1! x  10~'' fof
| ' 85



S et
i Numasg oF spms SN
ERPRRE Gy A SgS g8 2% -2xp*f°*v‘
L . R — ] ;“~ l ”. -_ L : §  B :

",

""‘Lg i o -
'MOO.SPIN el S N ﬁ-.s.“

& e v»,'-

o, - R = R s ; ) 3 R oo S
§ : P e ‘. ovpvoge S RO L

T o L e one stclq,dCIrd devoahon

. NG : : i o oo F . -
25 SR ' A
o
. =z ,
16 64 .. 256 1024 SO
P NUMBER QF AVERAGES SR e

,_.Figure a-1 Compar1son of n01se for Mo‘lspin ‘and ' Schonstedt”
system desu;ns. S . _ S R

N




f_as seen by the _sensor 1svreiuced by a factor -off ten,. thus’_
.effect1vely alncreaszng s stem no1se by a faotor of ten.
"“;_k’\?herefore the figure of }/x 10-1% s stil) aPPllcable Thlsf.
*pallows ﬁ‘ “to. Calcul:;e thev lowest moment lev§l for a'
lefhomogeneous sample at fhlch it will exoeed a thii'i ‘

- 5°‘= arc51n(1 x ﬂd\*%Mmol) e

L g0 / S
5% = arc51m(1 % 10=-1.57M
. FARNEINY 1

,_.therefoxe, \‘/k

. Msch 1x;1o-"“_ I . o

‘fd'This explalgf_why Hedlzn could noi measure hlS weakest

__samples '(less than ;1; 10-' - Am?) with. enough prec151on‘

l.(thEta IESS/fhan 5° fL For moments less than 1 x 0—" Am’

'".ieven‘ a perfectly homogeneous sample w1ll glve theta greater'

hithaa 5° on the ‘Molspin. o 4

(b) Determlnatlon of the effect of sample 1nhomogeneity :
< /-
requ1res samples w1th spffic1ently hlgh moments to render‘

/

.{n01se 1ns1gn1f1cant In addltlon, fhe spec1men cannot have‘

J5nlow/theta, 51nce 1t xu'not 1nhomdgeneous "1n‘ th1s case.

'Un¢ortunately,v most ‘samples w1th,hlgh moments also had 1ow";

_;;‘ heta and ,consequently only 5 spec1mens were ~ Jjudged .

’;stu1table. These were measured on both magnetometers. For the -

.

Schonstedt the pos1t10n of the sample fromx‘the"sensoruhis_ _

e
S"
.

adjustable ( p0551blegi cart p051t1ons" 1. be1ng furthest




and 4 befng éloseet) 'with the effect that increawing~}

i "':;::v:::. .:'...

tdlstance reduces_the apparent degree of . 1nhomogene1ty. Since 3

e

b

‘gﬁall measurements were made q51n? cart positiln 3 or 4, the *
"éomparlson, between dev1ce de51gns was mad

'us1ng cart

jp051t1on 3 che further) Table A-t summarlzes-the resu ts.
A plot of theta from columns 2 .and- 3 is shown in Fzgu e
. A- 2 vThe slope of the’best f1t 11ne through the orlgln is
2. 4 thus showang that a theta of 5° on thé MoIspln (used by
Hedl1n) corresponds ;ﬁb_ 12° on the Schonstedt (used 1n the
rpresent ,study).» To be ~tonservat1ve, the ‘actual "value!
selected was 11°" ~tQp actual valuef chosen_ is not
cr1t1:al to the form of the magnetqgrams for - both sectiohs,ﬁ
~ Plots made wlth theta cut- offs of * 40?;11° 12°,?and;139
f.simply{affects the numberhof points in the 'plots, bpfa the

geophysical interpretation is unaffected.

.. [ - . o ‘



[ T Theta

ﬁsaymp'le B 3 Molspin 1 Schonstedt’ Rat:”io(Sch/Mol)

& - 2

KGA0e7 - I 3.1 | 6i -, 2.0 .
KGA073 [ 4.7 e 2.5
. KGAOSO | 4.5 13.2 . 2.9

ﬁGAoss‘. o 3.9 ) : 8.9 . 1 2.3

KGAOS9 ' | 3.4 8,5 - | 2.5 -

( RN
-\.:.J“

~ -

Table A-1: Table of .thé‘t.;a values used to construct Figure

‘ :' A—ZC
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Figure A-Z:-Compariéon'bfftheta for Molspin andvtséhonstedt
system designs using ' the bést measurements obtained from

selected specimens.
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