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which represents activity from the last 200, 000 years.

The 65 flows from the Terevaka episode were used to study

the Brunhes epoch on Easter Island. A mean geomagnetic pole was
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for such yourg rocks.

Secular variation, expressed by the angular deviation of the

mean virtual geomagnetic pole, was obtained for the Terevaka sam-
0 0pies, ThLs value, 12, 8 wLth 95% confidence limits of 14. 9 and

1i.2, is compared to other values for Brunhes age rocks. It

appears to fit well onto a calculated model for the variation of angular

dispersion with site latitude. It also can be related to an anomalously

low region of secular variation found in the central Pacific.
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PALEOMAGNETISM AND SECULAR VARIATION OF
EASTER ISLAND BASALTS

INTRODUCTION

Paleornagnetic studies investigate the history of the earth's

magnetic field. The underlying assumption to such studies is that

certain rocks retain the direction and relative intensity of the am-

bient field at the time of their origin. For extrusive igneous rocks

the field 1.8 recorded as the rocks cool from a molten lava through

their Curie point. Since the time of cooling is very short on a geo-

logic time scale, each lava flow is considered an instantaneous

reading of the ancient geomagnetic field. A series of flows from one

location will give an average direction of the field and a correspond-

ing average pole position.

Studies of the ancient magnetic field over a restricted time

interval are essential to the understanding of paleoniagnetic events

in recent earth hsltory. Easter Island consists of lava flows from

several volcanic episodes spanning several million years and, presents

and adequate time period to study the earth's magnetic field. The

location of the island close to an actively spreading ridge complex

assures a young age for the extensive lava flows present there. It

is possible that a detailed paleomagneti.c study of such young rocks



might reveal magnetic reversals and/or events known to exist in

Upper Tertiary and Quaternary rocks. Also it will be possible to

investigate the secular variation of the field during the time spanned

by the volcanic units. Concurrent research on the geochronology

and geochemistry of these same rocks greatly aids the study and

provides a detailed dated history of the island.s volcanism.
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LOCATION AND GEOLOGY

Location

Easter Island (27°S, 109°W) is an isolated outcrop of volcanic

rock in the southeast Pacific Ocean, 3700 km west of Chile. It lies

on the eastern slope of the East Pacific Rise, approximately 530 km

east of the ridge axis, and is part of the Sala y Gomez Ridge complex

(Figure 1). It also Is located at the southeastern end of the

Tuamotu-Line island seamount chain. In this context the island is

considered by some to be a "hot spot" or surficial expression of a

mantle convection plume (Wilson, 1963; Morgan, 1973).

Geology

Easter Island is entirely volcanic in origin. Although the is-

land has been the subject of intensive archeological studies (Heyerdal

et al., 1961), the geology has only been briefly studied. Chubb (1933)

and Bandy (1937) made early attempts at geologic reconnaissance of

the island. Both investigators recognized the existence of three

distinct episodes of volcanism, and na.med each for its major volcano.

Figure 2 shows the regional geology of the island with the three main

volcanoes: Poike, Rano Kau, and Terevaka. Baker (1966) further

investigated the island, substantiated the earlier observations and



4

150°W 1200 90° 60°W
I I I 2

PACIFIC
PLATE

SOUTH a

A MERIC
NAZCA

Tuamotu PLATE

Sala y Gomez Ridge 2

.
-

Easter Island

U)

- 4
Chile Ri ge

6

0 °N

0 OS

0 OS

0 °S

Figure 1. Index map, Southeast Pacific (after Herron, 1972a'),



109°25X

0

27°O5'

0

c;

01 23 45
Km

0

0

TEREVAKA
I ]Basa1t
LJflows
riScoria,ash

and tuff

'1

RANO KAU
Basalt
flows

Figure 2. Geologic map of Easter Island (after Baker, 1966)
u-I



added additional information concerning the relative ages of the

events. He classified Poike and Rano Kau as the older episodes, and

Terevaka, covering the major part of the island, as the youngest

episode.

The volcanic rocks on the island are transitional between

island tholeiites and alkali basalts, with even the more basic rocks

saturated in silica (J. Clark, per. comm. ). The extensive number

of once-active volcanic vents and pyroclasti.c centers, especially

during the Terevaka episode, make it difficult to correlate flows

around the island or futher del.i.nea.te the volcanic stratigraphy without

additional field work.

Age of Easter Island

Although there are no reports of volcanic activity in historical

time, the island does appear to be very young (Baker, 1966) based on

the unweathered appearance of many of the basalt flows. Due to the

island's close proximity to the East Pacific Rise, this assumption is

most consistent with plate tectonic theories. From marine magnetic

data (Herron, 1972b) Easter Island is situated between anomalies two

arid three. Using the time scale developed by Heirtzler et al. (1968),

the sea floor in the vicinity of Easter Island has a minimum age of

two million years and a maximum age of five million years.

Preliminary age determinations on six hand samples from the
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island using potassium-argon method gave an estimated age of less

than 1.0 million years (Booker etal., 1967).

A detailed investigation of the geochemistry and geochronology

of the island is in progress (Clark and Dymond, 1974). The 30 lavas

presently dated by the potassium-argon method readily identify the

three episodes of volcanism recognized in field studies. Poike, the

easternmost volcano, is the oldest with a dte of 2. 5 +0. 2 million

years. The southern volcano Rano Kau yields several dates, all

approximately 1.0 million years. Terevaka is definitely the youngest

episode on the island, with 15 flows sampled, all producing dates of

240, 000 years or less. Figure 3 shows the location of the flows which

have been radiometrically dated.

Cox (1969a) has established a detailed time scale for the most

recent geomagnetic polarity reversals, using known paleomagnetic

data and potassium-argon age dates. The three volcanic episodes on

Easter Island fall into the three most recent polarity epochs. The

Poi.ke volcanics lie in the Gauss-normal epoch. The Rano Kau lavas

are in the Matuyama-reversed epoch, and the Terevaka flows are in

the youngest epoch, the Brunhes-normal. Since the majority of sam-

ples studied here were collected from the Terevaka region, a normal

polarity is expected. However, the samples from Rano Kau should

show a reversed polarity.
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EXPERIMENTAL PROCEDURES

Field Work

Donald Heinrichs, Jack Dymond, and James Clark carried

out the field work in March on 1971. They spent two weeks on Easter

Island collecting samples for paleomagnetic and geochemical studies.

The paleomagnetic samples were collected following proce-

dures outlined by Doell and Cox (1965), using a gasoline powered

portable drill with a diamond bit. Cores were drilled 10 toZO cm

long and 2. 54 cm in diameter. These were oriented in situ using a

Bruxiton compass and a core leveling device, consisting of a slit brass

tube and an adjustable level platform, After the core is drilled, but

before it is removed from the site, the tube is slipped over the core

and a line is scribed down the core using a copper wire. The level

and compass are used to measure the dip and aximuth of the core.

To obtain adequate data for statistical studies at least four

sites per separate flow were drilled. Usually two specimens were

cut from each core, with an average of eight specimens per flow

obtained. Care was used to pick fresh, unweathered outcrops of rock

to avoid possible problems due to weathered samples. Whenever field

conditions permitted lavas were sampled in sequence. Due to the

excellent outcrops found in seacliffs, and the lack of exposure in the
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interior of the island, most of the sampling was done along the peri.ph-

ery of the island. Figure 3 is a map of Easter Island showing the

location of sampling sites.

The drilled rock sample is considered in a coordinate system

where the Z-axis is positive down the axis of the core. X and Y are

orthogonal such that the Y-axis is always horizontal and X is positive

when inclined above the horizontal. In other words, the right-hand

system is employed, The line scribed on the core in the field repre-

sents the Z-axis, while sm3ll hatched lines are added to represent

the Y-positive direction. The dip of the core measured in the field is
0 0the plunge of the Z-axLs (0 to +90 ). The aximuth of the core LS the

Y-positive direction (0° to 359. 9°).

Due to logistical anc! equipment problems, it was not possible

to sample all areas using the portable drill. In these locations hand

samples were collected with proper notation of their orientation in

the field. For outcrops sampled in this manner only one or two sites

per lava flow were visited. These rock samples were later drilled

in the laboratory and reoriented there to obtain the dip and azimuth

of the core.

Laboratory Work

Remanent magnetization measurements were made using a

5Hz spinner magnetometer. A sample, secured inaholder on the end



11

of a long shaft, is rotated in front of a small, highly sensitive flux-

gate coil. The rotating magnetic moment of the sample produces an

alternating current in the sensor. With the use of a reference magnet

and coil, the phase and amplitude of the signal was determined.

The signal to be read is displayed on a digital voltmeter con-

nected to a Lsck-in amplifier. Controls on the amplifier allow for

sensitivity, time constant and phase changes. The sensitivity con-

trols vary from 1 p v to 200 my, but settings of 1 my to 100 my

were adequate for the rocks measured in.. this study. The time con-

stant may be set from 1 msec to 300 sec; a setting of 1 sec was used

exclusively here. The phase setting allows for two readings for each

spin, one at 00 and the other at 90°.

Due to a slight but persiste.nt drift of the magnetometer with

time, it is necessary to "zero" the amplifier each day. This is done

with a calibration probe inserted in the shaft. At the 0° phase setting

the probe should induce no output, and the calibration dial is adjusted

so this is true.

The cored sample is placed in a cubic specimen holder so that

each axis of the specimen is parallel to one of the holder sides. The

holder is scribed with the Z and Y directions to ensure proper orien-

tation of the sample each time. The holder is then oriented on the

end of the shaft with one axis pointing vertically down (the I shaft

direction), and one axis pointing horizontally along the shaft toward
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the motor (the II shaft direction). The sample is now "keyed" with

respect to the reference signal. The 00 phase reading will corre-

spond to the vertical axis component, while the 900 phase reading

will be the horizontal component perpendicular to the II shaft direc-

tion, positive toward the reader (the righhand rule is still used).

Although three such spins provide two readings on each component,

a total of six complete spins were used to obtain four readings on each

component. In this way possible inhoniogeneities in the samples,

magnetic anisotropy and/or possible magnetometer drift were mini-

mized. Figure 4 lists the shaft directions and components measured

for this study. The order of readings is important to ensure proper

input for the computer program used to calculate the sample direc-

t ions.

Magnetic cleaning experimnts were carried out using an

alternating field demagnetizer. This equipment consists of a variable

current transmitted through a coil, creating a magnetic field in which

the sample is rotated. The field can be set at any level up to 1000 oe,

and then allowed to decay over a ten minute period. By this process

much of the spurious or secondary elements of magnetization are

randomized and stable primary magnetization remains dominant.

Samples here were rotated in a four-axis tumbler, which minimizes

the possibility of a preferred direction being enhanced by the alter-

nating field.
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SPIN SHAFT DIRECTIONS

I II

COMPONENT MEASURED

00 900

1 +X -z +Y

2 +X +X -Y

3 +Y -x + +Z

4 +Y +X + -z

5 +Z -Y +Z +X

6 -,-Y -X

Figure 4. Shaft directions and measured components for spinner
magnetometer.
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STATISTICAL ANALYSIS

Magnetic Field Measurements

The magnetic field is a vector field and can be fully described

by two angles, inclination and declination, and the field intensity.

Declination is the angle between geographic north and the horizontal

component of the field, inclination is the angle between the horizontal

and the field vector, and the intensity is the magnitude of this field

vector. From the components of the magnetic moment one can easily

determine these desired angles and magnitude.

Calculations were done using an algorithm developed by Doell

and Cox (1965) and further adapted by Denham (1971), dependent on

the intensities M , M , and M and the phase angles e , 9 , and 9x y z x y z

The three phase angles deflne three planes, which intersect to form

a small error traingle. By repeated iterations this triangle is col-

lapsed, using the Intensities as weighting factors on each side. When

the radius of the triangle becomes less than 0. 01 degrees, the strong-

est vertex is chosen as the solution, with a corresponding inclination

and declination, The computer program SPINNERS used to make

these calculations is listed in Appendix II.

Once the inclination and declination are known at one locality,

a corresponding paleoniagnetic pole may be calculated using the
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following formulas:

sin 9' = sin 0 cos p + cos 9 sin p cos D

sn (Ø'-Ø) = (sin p sin D)/cos 91
ti)

cot p = 1/2 tan I

The paleomagnetic pole has the coordinates (9', 0'), the sampling

locality is given by (9, 0), and I and D are the inclination and declina-

tion. These calculations are contained in the program SIMPLET

(see Appendix II).

Fisherian Statistics

The analysis of paleomagnetic data calls for the investigation

of a vector fie],d over a sphere. Fisher (1953) developed a special

set of statistics to deal with this problem. He simulated a Gaussian

distri.butionin three dimensions where points on a sphere (paleo-

magnetic directions) were described in terms of a probability density

function

K exp (K cos 9). (2)
4sinhK

is the angle between individual directions and the true directions,

and K is a constant called the precision parameter. K varies from

K = 0 for perfectly random directions to K = for identical direc-

tI.ons. Since directions from one lava flow should not be random, K

is expected to be large. A best estimate for K has also been



described by Fisher as:

N-i
K (3)
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Here N is the number of samples and R is the normalized length of

the resultant vector of the N samples. A further discussion of these

statistics if found in Cox and Doell (1960).

Another useful statistic presented by Fisher (1953) is

This is the semivertical angle of a circular cone about the resultant

vector R in which the true mean direction lies. For a probability

level of .1 - P, o( is given by:

N-Rcos 1-P) = 1
R

(1/p)1/N1
-11 (4)

In paleomagnetic work P is usually taken as 0. 05. Then there

is 95% confidence that the cone of radius 0(95 contains the true mean

direction. For oc small, it can be approximated by:

1400(95 (5)

0(95 k and R are all calculated and output by the computer

program SIMPLE1 (Appendix II).

Secular Variation Statistics

Cox and Doell (1964) show the best means of expressing

secular variation to be the measure of angular standard deviation, ST:
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ST2 (B (6)

B is the number of flows involved, and is the angle between the

direction or pole of the i th lava and the mean direction or mean pole.

ST can be expressed as either the angular dispersion of directions or

poles.

The total angular dispersion ST must be corrected for various

experimental and natural errors. These include within-site disper-

sion, between-site dispersion, and the possible presence of local

geomagnetic anomalies at the time of extrusion. Cox (1969b) and

Doell (1970) have developed the following method of dealing with these

errors. In terms of the precision parameter k:

l/kF 1/kT 1/Nkw 1/kA (7)

where kT is the total precision parameter, kw is the within-lava

precision parameter, kA is the percision parameter due to local

anomalies at the site, N is the average number of samples per lava,

and kF is the ancient geomagnetic field precision parameter. Due to

the inverse relationship between the precision parameter and angular

standard deviation,

S = 810/(k)1/2 (8)

for S in degrees (Cox and Doell, 1964), equation (7) can be expressed



in terms of the dispersion.

= ST2 s2/' SA2

The subscripts here are similar to the ones described for equation (7).

The 1/ithin-lava precision parameter, k, is calculated by a

two-tier analysis method outlined by Watson and Irving (1957). Here

the number of samples, N., from the th flow are combined with the

normalized resultant vector for the flow, R, in the equation:

B (N. -1)
kw (N. - R.) (10)

where B is the total number of lavas studied.

From a study of historic lava flows on Hawaii, Doell and Cox

(1963) have estimated the angular dispersion of directions due to local

anomalies to be SA = 1.25°. Using procedures developed by Cox

(1970), Doell (1970) has expressed this deviation in terms of poles

and the precision parameter as kA = 2100. This value depends on the

relative magnetic intensity of the lavas studied, here considered to be

of the order of 10 emu/cc. A recent synthesis of the above statisti-

cal methods can be found in Ellwood etal. (1973).

The total precision parameter is an output of the computer pro-

gram SIMPLE1. kw is calculated with the aid of the program RVGP,

given in the Appendix.
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STABILITY AND RELIABILITY OF MEASUREMENTS

Stability

Paleomagnetic studies are based on the assumption that the

magnetic field recorded in sampled rocks represents the earth's

field at the time of original emplacement. This has been shown to be

true for historical lava flows by Chevallier (1925), N.agata (1943),

and Doell and Cox (1963), where comparison to observatory data is

possible. When the rocks in question are older than any historical

observatory data, as the case usually is, field tests and laboratory

tests must be employed to validate the stability of the magnetization.

The field tests (see McEthinny, 1973) require igneous contacts,

magnetic reversals, fold, and/or conglomerate units. Thus, there

are no applicable tests to a field area such as Easter Island, con-

sisting only of vo1canc rocks.

In this study the stability of the natural remanent magnetiza-

tion was investigated by alternating field demagnetizing experiments.

The stable primary magnetization measured in the laboratory is

thern-io-remanent magnetization (TRM), or that gained by the rock as

it cools through its Curie point. This primary magnetization can be

contaminated by isothermal remanent magnetization (IRM), viscous

remnanent magnetization (VR M) and chemical remanent magnetization
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(CRM). VRM and IRM components can be removed in alternating

fields of only a few hundred oersteds (McELhinny, 1973), and will be

erased in demagnetized samples. The remaining magnetization can

be due either to TRM or CRM, but it is hard to distinguish between

the two solely from demagnetizing experiments. The fresh, un-

weathered aspect of the samples implied that little oxidation has

occurred. This fact, along with the excellent clustering of directions

obtained for many of the flows substantiated the assumption that the

observed magnetization was due primarily to TRM.

Reliability

Minimum criteria for the reliability of paleomagnetic data as

true indicators of the paleo-field have been proposed by Irving (1964)

and McE]hinny (1973). The samples studied here conform to the six

stated criteria except the one demanding five (Irving) or eight

(McElhinny). separate sites sampled per flow. This study had only

four separate cores per flow, with two specimens cut from each core.

Current work by Ellwood etal. (1973) and Watkins (1973) indicates

that even for the more refined secular variation statistics, four sites

per flow provide adequate data.

The most scattered flows were checked to determine if these

samples represented random directions. This was done using

Watson's statistical test (1956), comparing a stätiSticalderivd R to
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the observed R. All flows checked passed that test (i.e. directions

were not random) at the 95% level except for flow 61, which was

discarded from further calculations.



RESULTS

Natural Remanent Magnetization

All specimens from both cored sites and hand samples were

run on the spinner magnetometer and the resulting magnetic direc-

tions calculated. For each flow, D and I for all the specimens were

plotted on an equal-area sereonet projection. Figure 5 shows the

direction plots for flows 37 and 45, with their respective O
95

values. These are representative of two groups, one with the direc-

tions well-clustered (flow 37), and one with considerable scatter in

the directions (flow 45).

Demagnetization

A number of flows were demagnetized In alternating fields of

50 to 200 oersteds. T his was done to remove secondary unstable

components of magnetization and improve the cluster of directions

determining the average direction.

To obtain a suitable field level for demagnetization, the dis-

persion of directions was investigated following procedures by Irving

ètal. (1961). Two test specimens from each flow were demagnetized

at levels of 25, 50, 100, 200, 400, and 800 oersteds. The demagne_;

tizing level for the entire flow was the field at which the dispersion
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Figure 5. Stereographic projections of directions of natural remanent magnetization,
Flow 37 and Flow 45.
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of the directions of the two specimens was a minimum. A stability

index (Bridern, 1972) was also employed, which compared the NRM

vector at varying levels of demagnetization, but it proved less useful.

Figure 6 shows a typical demagnetized flow, with direction

plots for the specimens, and the intensity variation at increased

oersted levels. Twenty-five flows were treated in this manner, with

an improved cluster of directions being obtained after cleaning.

Flow Inclinations and Declinations

The declinations and inclinations found for each sample were

combined to obtain an average direction for each flow. Figure 7 is

a stereographic plot of the average directions for the 65 Terevaka

flows. Included on the plot are the present field directions and the

axial dipole field for the latitude of Easter Island.

This data is listed in Appendi.xI, along with the Fi.sherian

statistics for each flow. Also presented are the data from the other

samples collected on the island. Only directions and poles are re-

ported for flows consisting of hand samples. Due to the small

number of sites sampled for these flows no attempt was made to cal-

culate statistics or to clean these samples further. It should be noted

that only four out of ten flows of the Rano Kau episode have a reversed

polar1t, although that is the expected result for flows of this age.

Further collections and magnetic measurements are needed to clarify
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Figure 7. StereogaphLc projection of average declinations and
inclinations for the Teevaka flows.
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Magnetic Intensities

27

Magnetic intensities were calculated for each specimen and an

average intensity for each flow. Flow intensities ranged from , 53 x

to 8.4 x Q3 emu/cc. These values are very similar to ones

reported by other investigators on Brunhes age rôcks (see Cox,

1969b; Bingham and Stone, 1972)

Virtual Geomagnetic Poles

For each of the Terevaka flows a virtual geomagnetic pole

(VGP) was determined from the inclination, declinations and site

latitude. The term virtual geomagnetic pole is used to identify a pole

calculated from one spot reading, representing only an instant in time.

The VGPs arelisted in Appendix land are shown in Figure 8

on a polar projection of the northern hemisphere, The mean VGP is

0 . 0designated by a cross, located at 87.4 N latitude and 204.2 E ).ongi-

tude. It is surrounded by the oval of confidence at the 95% level with

major axis of 4. 13° and minor axis 2.570. This oval includes the

present rotational pole of the earth, as is to be expected for very

young rocks, Cox and Doell (1960), Irving (1964) and more recently,

Opdyke and Henry (1969) have noted that the mean poles for upper

Tertiary to Recent rocks are always very close to the geographic pole.
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Figure 8. Virtual geomagnetic pole positions for the Terevaka
flows, with the average pole position and oval of 95%
confidence.
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It appears that for a time average of at least a few thousand years in

the upper Tertiary the earth's field was that of an axial dipole.

Wilson (1970; 1971) has pointed out that while the average

pole always occurs very close to the geographic pole, it is also

usually displaced on the opposite side of the geographic pole from the

source area. He proposes that this "far-side pole" position is due to

a displacement of the main dipole 191± 38 km northward along the

rotation axis. The position of the nan VGP from Easter Island

does not support this contention, lying slightly on the near side of the

geographic pole to Easter Island. Other Southern Hemisphere data

opposing Wilson's off-set theory has been presented by Watkins (1972).

Excursion of the Field

Cox, Doell and Dairymple (1964) demonstrated the presence of

short duration polarity events as part of the geomagnetic time scale.

For a limited time, on the order of 10 years, the field reverses its

polarity, then returns to the original polarity of the existing epoch.

Several events in the Brunhes normal epoch have been postulated, but

due to their short duration they have not been ovserved in all paleo-

magnetic studies of Brunhes age rocks. Three events have been

ound in very young rocks and sediments all dated at less than 30, 000

years-before present (Bonhommet and Zahringer, 1969; Morner etal.

1971; Barbetti and McElhinny, 1972). Another event is the Blake
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event, first observed in deep-sea sediment cores (Smith andFoster,

1969; Wollin etal., 1971) and dated between id8, 000 and 114,000

years.

It is observed that occasionally a complete reversal does not

occur, but the field departs from its normal vertical position for a

short time and returns, never "locking-in" to the reversed position

(McElhinny, 1973). Such aborted reversals are called excursions,

and have been noted in recent pale omagnetic studies (Watkins and

Nougier, 1973). In fact, several of the previously mentioned events

may only be departures of the field and not complete reversals.

In the Easter Island data there are several flows having VGP

latitudes less than 50° (Figure 8). The two lowest of these flows

have VGP latitudes of 49° and 44°. These two flows are from oppo-

site sides of the island and do not appear to be related in the field.

One flow is in sequence with t other flo s, both of which have low

VGP latitudes and similar VGP longitudes (see flows 32, 33, and

34, Appendix I). One of these flows has been dated by potassium

argon at 127, 000 ± 58, 460 years. This relates the excursion ob-

served here to the fore-mentioned Blake event, although there is not

enought data to determine if the excursion is an actual reversal or

simply departure of the field from normal.
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SECULAR VARIATION

Introduction

Secular variation is the change observed in magnetic field

with time, both in field directions and intensitites. For variations

due to internal sources, time scales of 10 to 1O4 years are likely

(Cox and Doell, 1964). In looking at paleosecular variation, one is

concerned with a single reading of an average value of secular varia-

tion over time. It is necessary to have a sampling sequence that

covers a time interval at least several times larger than the maxi-

mum time period for the vari,ations themselves. The Easter Island

Terevaka lavas span approximately Z00,000 years, and thus are able

to give a reasonable average for paleosecular variation. The best

method for expressing secular variation is an investigation of the

scatter of points about the mean, either directions or poles (Creer

etal,, 1959; Cox and Doell, 1964).

Latitude Variation Models

Secular variation is a change in the earth's magnetic field.

There are three main causes: variations in the intensity and direction

of the non-dipole field; the wobble of the central dipole; and oscilla-

tions of the dipole (Brock, 1971). All of these causes give rise to
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secular variation values which vary with latitude, due to the nature

of the geomagnetic field.

Several models have been proposed to explain this dependence,

and have been termed models A, B, and C by Irving (1964). Model A

Irving and Ward, 1964) suggests an axial geocentric dipole of a set

moment, where the secular variation is caused by a random com-

ponent of fixed intensity dtsturbing the dipole. There is no dipole

wobble in this model and all the latitude variation is caused by the

dipole field latitude variance. Creer, etal., (1959) proposed model

B which postulates a dipole wobble about the man dipole causing the

secular variation. This is a one parameter model and non-dipole

components are not considered. Model C, suggested by Cox (1962),

combines the dipole wobble with non-dipole components. This model

has been further expanded and is now supplanted by model D (Cox,

1970). Again both non-dipole and dipole terms affect the curve, but

there also is a factor involving dipole oscillations. The angular

variance for this model is found from:

= a2W
2

+ b2W 2
n d (11)

Here :a is a constant depending on the intensity of dipole oscillations,

b is a constant derived from the standard deviation of the dipole

wobble, and Wn and Wd are the non-dipole and dipole components

given by:
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W = (1 + 3Sn2)1/2
(12)

5+3smn2 i/z
d 5(1 + 3sin2))2

) is the latitude at which the variation is desired.

Figure 9 shows normalized latitude curves for model A,

model B, W and W (after Brock, 1971). W and A follow the same
n d n

curve, and model D will lie between Wn and Wd depending on the

values of a and b.

The angular dispersion represented in Figure 9 is that deter-

mined from the scatter of paleomagnetic directions. ST can also be

expressed as the angular dispersion of virtual geomagnetic poles.

Convincing evidence is given in favor of the latter by Doell (1970).

The dipole wobble component causes a latitiide variation in disper-

sions of directions, but not in the dispersions of poles (Cox, 1962;

Cox, 1970). Therefore, the dipole contribution to the angular stan-

dard deviation of the VGPs is the same for all locations on the globe.

The non-dipole component produces a. latitude variation in dispersion

of both directions and poles (Cox, 1962; Creer, 1962). Thus, by

looking at dispersions of VGPs from different latitudes the dipole-

wobble effects are the same, and non-dipole components cause any

difference (Doell, 1970). Previously Doell (1969) has suggested

11.
50 as the maximum dispersion from the dipole wobble, based on
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Figure 9. Normalized standard deviation of directions for
models A and B, terms W and Wd (after Brock,
1971).
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extensive studies in Hawaiian volcanics.

In addition to considering the choice of dispersion of directions

or poles, one must consider the choice of relating the poles to the

mean VGP or another point. As pointed put by Cox (1969b) and

Doell (1970), if one accepts the geocentric dipole theory, the disper-

sion of poles may be calculated with respect to the present geographic

pole. Since most studies of Brunhes age rocks yield mean poles not

statistically different from the rotation axis (see, for example,

Wilson, 1970), this is the preferred procedure.

Easter Island Secular Variation

An important consideration in determining secular variation

values is the selection of data to be used. Criteria established by

Cox and Doell (Cox, 1969b; Deoll, 1970; Doell and Cox, 1972) reject

any data with 0(95 values greater than 90 and/or a VGP latitude of

less than 5Q0 These investigators also require six to eight separate

samples per flow. Other authors (Ellwood et al., 1973; Watkins and

Nougier, 1973) discard flows with low VGP latitudes, but make no

rejections on
95 values. A case has been made for as few as four

sites per flow providing adequate results (Ellwood et al., 1973).

Figure 10 is a histogram of the 0(95 values for the 65 Terevaka

0 0flows. The great majorLty of the flows fall between 2 and 16 , with

only 8 flows lying beyond 16°. Two sets of statistics were calculated
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for the 65 Terevaka flows.
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for the Easter Island data. One set (set A) contained only flows with

less than 100. The other set included all the flows regard-

less of O95 values. For both sets the flows with VGP latitudes less

than 500 were removed, as were any flows with less than four sepa-

rate sample sites. This left 31 flows for set A and 51 flows for set B.

Following the methods outlined previously the angular stan-

dard deviation of the VGPs with respect to the geographic pole was

calculated for each set. The results are presented in Figure 11.

The final measure of dispersion is reported with its upper and lower

95% confIdence limits (S and S.) determined from tables presented

by Cox 1969c).

ST kT kw kA kF SF S S.
U

SetA 13.07 38.40 32.08 2100 56.27 10.80 13.06 9.19wrtVGP

wrt geogr.13
09 38.31 56.07 10.82 13.09 23pole

Set B 26.33 19.57 2100 40.44 12.74 14.75 11.22wrtVGP1579

wrtgeogr.1580 26.29 40.34 12.75 14.78 11.21

Figure 11. Secular variation statistics for Terevaka flows.



Brunhes Secular Variation Versus Latitude

Doell and Cox (1972) have presented angular dispersion values

for eight different paleornagnetic studies on Brunhes age volcanics.

Their sampling sites include the Galapagos Islands (Cox, 1971),

Hawaii (Doell, 1969, 1972 , 1972b, 1972c), western United States

(unpublished data), New Zealand (Cox, 1969b), France (Doell, 1970),

Alaska (Hoare et al,, 1968), Iceland (Doell, 1972d), and Antarctica

(unpublished data). They plot this data on an angular dispersion

versus latitude diagram (Figure 12). /1Ddel D of Cox (1970) has been

adapted to estimated Brunhes age geomagnetic field values. The

dipole wobble, Wd, is a constant 11°. The non-dipole term, W, is

approximated by calculating the angular dispersion for the non-dipole

component of the 1965 International Geomagnetic Reference Field.

These two factors are combined to provide the proposed model, the

upper solid line on Figure 12.

In the past several years other workers have determined

additional angular dispersion values for Brunhes age rocks. These

are included in Figure 12, and their sources are as foUows: Comore

Island (Watkins and Nougier, 1973); Reunion Island (Watkins, 1973);

Amsterdam Island (Watkins and Nougier, 1973); Azores (Eliwood.

etal., 1973); 3apan (Ozima and Aoki, 1972); Crozet Island (Watkins

and Nougier, 1973); and Aleutian Islands (Bingham and Stone, 1972).
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It must be pointed out that the various studies follow different criteria

in selecting the useable data, and exact comparison between results

is not possible.

The Easter Island secular variation value found in this study

is also plotted on the graph. It falls just below the proposed model,

but with 95% confidence limits which cover a broad area on either

side of the model. Even though direct comparison of all points is

not possible, the general trend of the actual data is obvious. There

definitely is anincrease of secular variation with increasing latitude,

but to use the data as support for this specific model is difficult.

To improve the data as a measure of the modelts validity, one

needs more paleomagnetic studies which fit the sampling criteria.

There have been many studies done on Brunhes age rocks, but very

few have sufficient samples and/or si.tes to allow for angular dis-

persions calculations. Since the confidence limits are directly re-

].ated to the number of lavas sampled, large studies will produce

narrow limits of angular dispersion.

The determination of the non-dipole part of the model is

arother area of question. The use of the 1965 IGRF assumes that

the present non-dipole acti.vity is representative of that in the

Brunhes, but this is not necessarily so. It would be most desirable

to have a better measure of the ancient non-dipole activity, and its

dependence on latitude.
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The problem of sampling sufficient time has been raised by

Aziz-Ur-Rahman and McDougall (1973) from their studies on Norfolk

and Philip Islands. They suggest that the short time spanned by many

Brunhes age studies may not be long enough to accurately estimate

secular variation. A minimum of 0. 5 million years is proposed by

them as a suitable time interval. The Easter Island data covers only

half that time. A proposed subject for future study will be a secular

variation investigation over the entire island. This would span at

least 2. 5 million years, and give an indication whether increased

time produces a better estimate of secular variation.

Central Pacific Secular Variation Low

The occurrence of an extensive area oflow non-dipole field

intensity :was observed in the central Pacific Ocean by Cox (1962)

and Cox and Doell (1964). Later investigations by these authors lead

to evidence that a mini.mum non-dipole field and minimum secular

variation has persisted in the central Pacific for at least the last

0,7 million years (Doell and Cox, 1971; Doell and Cox, 1972). They

postulate inhomogeneities in the lower mantle or undulations of the

core-mantle boundary as possible causes of the persistently subdued

non-dipole field. This low is very evident on the Brunhes angular

dispersion-latitude plot (Figure 12), where Hawaii falls well below

the proposed model. It is very close to the dipole wobble component,
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implying that little non-dipole field is present, and the observed

secular variation is due to the dipole wobble only. This phenomenon

is termed 'dipole window' and allows one to look at variations in the

core without the complications of the non-dipole field.

An original aim of this study was to investigate the south-

eastern Pacific for an extension of this low. As can be seen from

Figure 12, Easter Island lies above the dipole wobble component,

but below the proposed model. It appears that the Pacific secular

variation low extends into the southeast, but it is certainly not as

pronounced as it is around Hawaii. The Galapagos Islands in the

eastern Pacific appear to be unaffected by any low variation, as they

have an angular dispersion value similar to that predicted by the

model. More localities in the Pacific are needed to further delineate

and investigate the Pacific secular variation low.

Conclusions

The Easter Island lava flows present an excellent opportunity

to investigate the nature of the geomagnetic field in the recent past.

From the 65 Brunhes age flows sampled, inclinations, declinations

and VQPs were calculated. The mean VGP, only slightly different

Lrom the rotation axis, was as expected for very young rocks. A

possible excursion of the field was observed in four flows, and it may

be related to the previously observed Blake event. A secular
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variation study of the lavas gave an angular dispersion of 12. 80.

Although it was lower than predicted by the current model for secular

variation, it was higher than the Hawaiian Islands, known to be

anomalois1y low.

Although this study is complete for the Brurihes age rocks, it

would be desirable to Lurther sample and study the older flows on

the island.
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APPENDIX I

Paleomagnetic Data for Easter Island

UNIT N
95 EXP

TEREVAKA EPISODE

1 3 -34.2 32.4 2.9914 232 8. 1 59.1 331.4 NRM
2 4 -38.6 26.8 3.9859 213 6.3 65. 1 333.5 NRM
3 4 -43.0 356. 3 3. 8279 17 22. 6 86. 0 192.9 H200
4 4 -49.3 0.0 3.9799 149 7.6 87.0 70.8 NRM
6 4 -34.8 348.9 3.9819 165 7.2 77.0 195,9 NRM.
7 4 -43.5 5. 3 3.9839 186 6. 8 84.9 320.5 H50
8 4 -42.3 10.5 3.9808 156 7.4 80.2 326.5 H50
9 4 -59.3 329.5 3.9381 48 13.3 61.7 125.3 H150

10 4 -54.5 339.1 3.9498 60 12.0 70.5 131,3 11100
11 4 -52.6 11.6 3.9790 143 7.7 78.3 13.9 NRM
12 3 -46.1 4,4 2. 9388 33 21.9 86.1 345.5 H50
13 3 -42,3 0.2 2.9924 263 7.6 87.3 254.1 H50
14 4 -53.8 306.1 3.9253 40 14.7 43.7 137.4 H200
15 3 -36.6 12.8 2.9671 61 16.0 76.5 313.1 H200
16 4 -35.3 4,9 3.9913 344 5.0 81. 1 281.9 NRM
17 4 -44.1 16.6 3.9494 59 12.0 75.1 339.0 NRM
18 3 -47,4 3.5 2.9994 3258 2.2 86. 6 4.7 NRM
19 4 -46. 6 3. 8 3.9705 101 9.2 86. 5 353. 3 NRM
20 4 -44.0 5.6 3.9906 318 5.2 84.8 327.0 NRM
21 3 -53.1 354.8 2. 9991 2130 2.7 82.1 103.6 NRM
22 4 -57.8 329. 3 3.9930 426 4.5 61.9 128.5 NRM
23 4 -57.6 325.7 3.9915 352 4,9 59.3 130.2 H50
24 3 -46. 6 5. 7 2 9935 308 7. 0 84. 9 349. 5 H50

u-I

0



UNIT N
9

EXP

25 4 -40.7 14.9 3.9895 287 5.4 76.0 327.4 NRM
26 4 -56. 3 324. 3 3. 9447 54 12. 6 58.4 133. 1 NRM
27 4 -44.7 340.6 3.9416 51 12.9 72.7 158.3 NRIvI28 4 -49.5 338.2 3.9550 67 11. 3 70.6 145.5 NRM29 4 -41.2 2.6 3.9921 380 4,7 85.9 285.1 NRM30 4 -48.9 357.9 3.9856 208 6.4 86.7 103. 6 NRM
31 4 -43. 1 2. 6 3.9542 66 11.4 86.9 300. 1 NRM32 3 -62.1 312.6 2.9975 784 4.4 48.7 124.3 H200
33 4 -62. 5 326.2 3.9865 222 6.2 58. 1 119.7 NRM34 4 -68.7 321.2 3.8440 19 21.5 51.8 108.8 H50
36 4 -37.4 10.0 3.9932 443 4.4 79.0 308.4 NRM
37 4 -45. 8 14. 1 3. 9935 462 4. 3 77. 5 344. 1 NRM
38 4 -48.1 352.2 3.9440 54 12,7 82.8 141.5 H50
39 4 -37.4 8. 6 3.9898 293 5.4 80. 1 304. 0 NRM40 4 -47.1 6.3 3.9831 177 6.9 84.3 354.2 NRM41 4 -42.0 357.0 3.9878 246 5.9 86.1 206.5 NRM45 4 -35.0 3.1 3.9759 125 8.3 81.7 271.2 H10046 3 -35. 6 358. 3 2.9939 327 6. 8 82.4 238.0 H10047 4 -31.7 6.1 3.9753 122 8.4 78.6 281.4 NRM48 4 -40.6 356.9 3.9812 159 7.3 85.2 214.1 H10049 4 -30.4 27.1 3.9200 38 15.2 62.8 322.7 NRM50 3 -30.8 345.2 2.8729 16 32.2 72.8 194.6 H40051 4 -25.7 337.0 3.9050 32 16.6 64.6 188.1 H5052 3 -42.8 333.7 29335 30 22,9 66.3 159.8 H5053 3 -55.2 353.9 2.9824 114 11.6 80.0 100.0 H5054 4 -16.8 344.4 3.3487 5 48.2 66.3 208.9 H10055 4 -52.4 17...4 3.9496 60 12.0 73.9 5.6 NRM56 4 -39. 5 5.0 3.9309 43 14. 1 83. 5 294. 6 NRM58 4 -37.2 15.9 3.9314 44 14.1 74.2 320.1 NRM

(TI



UNIT N
2. _q5 EXP

59 4 -42.4 11.0 3.9408 51 13.0 79.7 328.1 NRM
60 4 -39.9 344.8 3.7 861 14 25.4 75.6 174.8 H100
61 * *

62 4 -42.6 359.9 3.9658 88 9.9 87.5 247.2 H50
63 4 -44.2 1.4 3.9884 257 5.7 88.3 295.5 NRM
64 4 -49,7 12.2 3.9936, 467 4. 3 78. 8 0. 8 NRM
65 4 -43.3 355.1 3.9806 155 7.4 85.2 18.7 NRM
66 4 -36.9 352.0 3.9658 88 9.9 80.1 200.4 NRM
67 4 -41.5 1.7 3.9884 258 5.7 86.4 274.8 NRM
68 4 -36.5 348.6 3.9952 627 3,7 77.5 191.1 NRM
69 4 -48.9 5.8 3.9716 106 9.9 84.2 8.9 NRM
70 4 -37.6 348.8 3.7966 15 24.8 78.1 188.7 H200
H20 3 -41.8 3097 449 11.5
H21 2 -37.2 89.9 9,4 218.0
H23 1 -54. 8 58. 9 39. 7 224. 1
H24 1 -25.3 322.7 52.6 33.5
H26 2 -34.8 206.7 -36.9 321.4
H27 2 -21.7 311.2 41.6 28.8
H28 2 -45.5 43.7 51.3 209.4
H29 1 -13.5 7.7 68.4 130.7H30 2 -25. 3 3539 75. 0 86. 0
H33 1 -14.9 77.9 14.2 200.8
H34 2 -31.2 154.0 -39.9 256.6
H36 1 -14.5 89.5 3.8 205.7

RANO KAU EPISODE
Hi 2 -43.6 284.5 23.4 2.0
HZ 1 -32.9 305.2 39,4 17.7
H3 1 -52.2 188.0 -29.6 297.2

Ui
t)



UNIT N D R K
95 EXP

H4 2 -43.6 36.1. 57.3 201.5
H5 2 -37.6 196.2 -39.3 309.1
Hl2 1 17.1 290.6 13.9 37.i
H14 3 -39.8 217.5 -28.4 329.2
H16 2 -38.4 152.1 -34.2 257.7
H17 2 -26.3 319.2 49.8 30.4
H18 1 -17.0 277.5 10.6 15.0

POIKE EPISODE
42 5 -48,0 13..i 79.3 212.0
43 4 -25.7 49 75.7 128.9
44 4 -16.3 354.3 70.6 93.7
57 4 -482 358.1 87.4 327.3
H7 2 -43.0 121.4 -13.2 236.6
H9 1 -40.9 313.2 47.8 13.5
H10 1 -49.3 324.9 592 5.2
N, number of separate cores per flow
I, inclination in degrees below the horizontal
D, declination in degrees

length of the resultant vector
K, precision parameter

radius of the cone of 95% confidence about the resultant vector
SI, latitude in degrees of the VGP

longitude in degrees of te VGP
EXP, level at which remanent magnetization was measured

** flow gave random results, discarded
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Easter Island Collection Numbers
listed inclusively per flow

Unit Collection Numbers Unit Collection Numbers
1 EC-123 - EC-126 53 EC-364 - EC367
2 EC-127 - EC-130 54 EC-.368 - EC-371
3 EC-131 -EC-134 55 EC-.372 - EC-375
4 EC-135 - EC-138 56 EC-376 - EC-379
6 EC-143 - EC-146 58 EC-384 - EC-387
7 EC-147 - EC-150 59 EC-388 - EC-391
8 EC-151 - EC-154 60 EC-392 - EC-395
9 EC-155 - EC-159 61 EC-396 - EC-399

10 EC-160 - EC-163 62 EC-400 - EC-403
11 EC-164 - EC-167 63 EC-404 EC-407
12 EC-168 - EC-170 64 EC-408 - EC-411
13 EC-171 - EC-173 65 EC-416 - EC-419
14 EC-174 - EC-177 66 EC-420 - EC-423
15 EC-178 - EC-181 67 EC-424 - EC-427
16 EC-182 EC-185 68 EC-428 * EC-431
17 EC.!186 - EC-189 69 EC-432 - EC-435
18 EC-190 - EC-193 70 EC-436 - EC-439
19 EC-195 - EC-198 H20 EH-82 - EH-84
20 EC-199 - EC-202 H21 EH-87 - EH-88
21 EC-204 - EC-207 H23 EH-93 - EH-94
22 EC-208 - EC-211 1124 EH-95
23 EC.ø212 - EC-215 H26 EH-99 - EH-100
24 EC-216 - EC-219 H27 EH-1Oi - EH-102
25 EC-220 - EC-223 H28 EH-104 - EH-105
26 EC-224 - EC-227 1129 EH-106 - EH-107
27 EC-228 - EC-231 1130 E1-1-108 - EH-109
28 EC-232 - EC-235 1133 EH-114 - EH-115
29 EC-236 - EC-239 1134 EH-117 - EH-118
30 EC-240 - EC-243 1136 EH-121 - EFI-122
31 EC-244 - EC-247 Hi EH-13 - EH-14
32 EC-248 - EC-251 H2 EH-15
33 EC-252 - EC-255 H3 EH-19
34 EC-256 - EC-259 H4 EH-21 - EH-22
36 EC-261 - EC-264 H5 EH-23 - E1-24
37 EC-265 - EC-268 H12 EH-53 - EH-54
38 EC-269 - EC-272 1114 EH-57 - EH-59
39 EC-273 - EC-276 1116 EH-64 - EH-65
40 EC-277 - EC-280 H17 EH-66 - EH-67
41 EC-281 EC-284 H18 EH-68
45 EC-317 - EC-320 42 EC-304 - EC-308
46 EC-321 - EC-324 43 EC-309 - EC-312
47 EC-325 - EC-328 44 EC-313 - EC-316
48 EC-329 - EC-332 57 EC-380 - EC-383
49 EC-333 - EC-336 H7 EH-38 - EH-39
50 EC-337 - EC-340 119 EH-43
51 EC-341 - EC-344 1110 EH-45 - EH-46
52 EC-345 - EC-348



APPENDIX II

Computer programs

SPINNER

SIMPLET

RVGP
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POGRAM SPINNER

DECEMBER 1, 1970 STANFCRD UNIVERSITY, DEPT. CF GCPYSICS
CHARLES R, CLNIthM, AFTER SHER GRCMME OF LSGS

PURPOSE

RFCENCE

POGRAM SPI'INER IS DATA REDUCTION PRCGRAM FOR
SPINNLR MAGNETOMLTLR MSUREMt.NTS. THE FRCC'Rfr
uCCEFTS BCTH SLCW AND FAST SPINNER TYRE JATA.
ii DERMINS THE BEST MAGNETIC CIRCTICN AND
MOMENT IMPLIED BY TFE SPINNER DATA, ANC CCFLTES
tVRAL STATI.TICAL PARAMETERS.

THE ALGORITHM FCF. TPIS PROGRAM IS GIVEN I' C[LL
AND C(JX, (l5), IASUREMENT OF THE RMNENT MAC-
NETIZATION OF IGNECUS RCCKS, U.S. GCLCGICAL SLFVEY
ULL4TIN 1O3-A.

CO 1 P A 1 1 IL IT V

$FINr IS OEIGhEC FOR STANFORCS IBM SYSTEM LC/E7
iATFI'1 FCRTFMrs . CCMPILR.

(JPDATIt'G THE FRLGRAM
ALL SIGNIFICANT CHANGES MADE IN THIS PROGRAM AF1ER
OCTCBLR 11, 1B7O, 5ICLLC BE NOTED hS.R. NRITE. A PEN
COMMt4TS, INDICATE THE CATE, AND AC I TO TIE
LPtATt INTERNALLY STCREC IN THE PRCRAM.

UPOAli=1 ORIGINAL USGS FAST-SPINNER
PROGRAM, CIRCA 37 B.C.

UPOPTL2 RtACS AND LStS SLCWSPINPER
TYPE DATA CNLY. 19.

UPOATL=3 REACS AND LSES LON ANG FAST
SPINN1P TYPE DMA. NRITES
OUTPUT ON FRINTR,
FRCCRAM ADAF1EC TO CSL
COC SYSTEM, INPJT AND CLI
FUT POSSIBLE Vfl TELETYFO,
JULY ,1973.

SLCWSFINNE CALIBRATION CCNSTANI
cALIe IN EMU PER VOLT INPUT TO THE ITMACC

353 PIASE-St.NSITIVE [ElECTOR 81 AMPLiFIER

CESCRIFTICN OF PARAMETERS

INFLI NAMES CCMCN IC SLCW- ANC FASTSPINNER DATA
ID IDENTIFICAT1CN F TI4E ASLREC

SAMPLE. IF ID IS TE NCRC
RESIDUAL , TC MEASLREMENTS
ARE TE SLCNSFINNER RESICLAL.
THE RESIDUAL WILL BF SLBTRACTEC
FROM ALL FCLLONLNG SCN-SFItNER
DATA, UNTIL NEW PESICLAL DATA IS
ENCCUNTERC.

AL ALPI-L, AZIMLIH TE +'r AIS
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(HORIZONTAL) OF THE SAFLE
IN A RIGHT-HANNC YZ CCC1CI?\ATE
SYSTEM. IN CECEES.

BE BETA, THE FLUNG OF TH +Z XIS
(POSITIVE CCWNHRO) (CEGEES)

V VOLUME OF THE SMFLE
(CUEIC CENTIMEflcS)

STR AZIMUTH OF THE. TPIK CF THE
EEC, TO THE RIGHT CF THE CIF
OIREC1 ION.

OIF CIF CF THE EEC (PGSITIvECCN)
(LXAMPLE* A BE) HHICH STRIKES
N3OH AND DIFS HILL HAVE
STR:1C. AC OI:+5. CR
STR33C. ANC OI=L.)

IXP IOEtTIFICAT1CN F THE EFERIMET
INF ANY ACDITICPAL INFCRM.AT1C.

INPUT FORMAT
FiFCMAT. SEPARATE THE GATA E'Y
ONE OR MORE BLANKS.
ANY MJMBER OF OATA PER CARC. ihi
REACS ITEMS UNTIL IT FINCS ENOUGH
ATlSFY THE PRCGPAM RECUIREMENTS.
RAC STATCHENT HILL REAC A NEW SET

FAST SFINNC INPUT NAMES

:r COMMA ANC/CR

CC Ml F LIE

THE NEXT
JF MEASLREMEt.TS.

EXTRA A GUMMY UfrEER, NEECEC TC Clvi
THE FAST-SFINNE INPUT THE 5AE
NUMBER CF ITEMS AS THE SLC
SPINNtP INFUT. IT IS NCT
USEC IN THE COUTATICM.

P(M,L) PHASE (DEGREES)
<M(M,L) MAGNITUDE. (EMIJ)

SLG SPlNNE INPUT NAMES
SCALE SENSITIVITY SETTING OF THE

ITHACO 353 FHASE-SENSITIVI
DETECTOR 3-1 AMRLIFIER, jN
MICHC-VQLTS.

SPIN (M,,1) , SPIN(M,L,2)
IN-PHASE () AN CUTCFPHASE (9
COMFCNENTS, RLSIECTIVEL'I, CN A
SCALC CF iC TO +ir VCLTS.

SL)HSPINNR RESIDUAL INPUT NAMES
ESIC(fr,L,1) ,RtSID (M,L,2)

INPHASE ANC OUTCFPHSE CUMPCN
CF 1HE WES1CLAL

THE DATA CARCS.....
THE DATA FCR EACh MEASURED SPECiMEN iS INPUT T THt SFINNER
PROGRAM IN THE FULLOHING CRLERS......

SLUHSPINNEi CATA.....SPECIMEN CR RESIDUAL
IO,AL,B,V,ST,DIP,IEXF,INF,SCALE,SPIN(X,Y,3),
SPIN(X,Y,9D),SPIN(X,Y,O),SFINO,-Y,0),
SPIN(Y,Z,G),SFIN(Y,Z,9G),SPIN(Y,-Z,C),
SPiN(Y,Z,9O),SPIt'.(Z,X,J),SPIN(Z,,9J),
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SPIN(Z,-X,O),SPIN(Z,-X,9Q)

IF IC iS THE WORD FESIOLAL 1, THE 3LCWSFINMR
MEASURcHENTS ARE THE RILSICUAL.

FASTSPINNER DATA

57

ID,AL,bE, q,STR,DIF,IEXP,INF,EXTRA,PHSE (X,Y)
AGNITUDE(X,Y},PHASE(,-Y),GNITtOE(,-'fl,

PHASE CY ,Z) ,MAGNITUOE (Y, Z) ,PHASE (' ,Z),
MAGNITUJE(Y,-Z),PhAE(Z,X),MAGNITLO(Z,X),
PHASt(Z,-X)MAGNITUCL(Z-X)

EACH SPLCIHtS INFUT JATA MA BE SPREAD CVER S frANY C

FEW CARDS A THE US.R OE.1RLS, SO LCNG AS THL PCFLR CRCRItc
OF THE INFLT ITEMS IS MAINTAINED. CC NCT PUT ATA FRC T'C
OIFFEREPT SPLCIMNS ON THE SAME CARC.

OUTPUT NAMES
ID SAME AS INFLT I

I INCLINATION (OERS)
0 CLCLINATIOt
J MAGNETIC MCMENT PER UNIT vCLUME

(EML/CC)
9 TOTAL MAGNETIC MOMENT (EU)
A AN ANALOGUE CF THE RACILS CF THE

ERCR TRIAN6L. 'CRMED BY THE TI-R
GREAI CIRCLES CFIhEC BY THI PHA
ANGLES

'19 THE ROOT-MEAN-SUARE CF THt 01FF
eETEEN THE SI FASL'REC MAGNETI
INTENSITIt.S ANC THE ICEAL INTENS
THAI WOULD BE EPECTEC IF THE SA
ACTED AS AN IDL DIPOLE WITH 'C
M ANC THE CIRECTICN OF MAGNETIZA
CALCULATEO. MM IS TACCO IF IT
0.O (S PtRCENI CF H)

2 DEL(1) PHASE-ANGLE INCCNSISTENCY ET'EE
FORWARD AND EACWARC SPINS FOR E
PLANE. OUTPUT MO TAGCtC IF EXC
L9 OiiCREES

9 DIFFERENCL(I)
INTENSITY INCON3ISTENCY BE TWtE N
FCRWARC ANC SAC<vARC FINS FOR E
PLANE. OUTPUT O TAC-CED IF EXC
i.0 PERCENT CF

IFAG IF 2 DEL(I) AND/OR M CIFFERLNCE(
AND/CR MM 1C1E THLIR RSFECTIV
TULERANCt. LIMIT3, IFLAC=4. OTHE
IFLAC-BLAN<.

IXF SAM AS INFL1 IXF
INF SAME AS INFLT IF
N WEIGHTINGFACTC4 ECt'ENT FOR CC

THE CRRORTRIANLt.
1_ NUMEER CF I1ERAIICNS TC CCNVERGI

ERRCR-TRIANGLE TO 0.01 CECEES F
UPDATE RIFESS TO CI-ANGS WHICH I-A EBE

IN THIS PRCCRAM SINCE CCTCELR 11
SE NOTES AEaE.
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REMAd<S Cb OUTPUT INFORATIOt
THE FOLLOWING ARE NOT OUTPUT ON CAR3S

2 CEL(I)
M OIFFERENC[(I)
INF
N

L

SUBROUTINC AND FUNCTION SUBPROGRAHS SUPPLIEC
ATAN(Y,X,A) PERFORMS THE SAME UUTY AS TfE FL

ATSN2(Y/X). AflTAN2(/X), RHIRE
BETWEEN -P1 ANG FI RACIAFS.
USACE CILL TAt(',),A)

SIJE3RCUTINES ANC FUNCTION SUFRCGRAS REQUIREC
SIF'i(X)
CCS (Xi
SORT CX)
AlAN CX)
SiGN (X,Y)
ABS(X)
TH.Sc ARE ALL STANCARO FUNCTIONS, AAILP.LE ON
WMTFIV AND AERO-STRCS SOS SYSTEM.

ME I 1QO
EACH OF THE THREE frIJOR PLANES (XY,IZ,ZX) CF TH SAfr

CRIENTATICN SYSTIM HAS EEEN MEASLRE flICE. Tl-L AVE
PHASE AND INTENSITY FOR TII[ MAGNLTI CCMPCNENT LYiNG
EACH PLANE IS CALCLLATEC. THE THR! PHASE ANGUS AR
USL TO GENERATE A TRIANGLF-OF-EWRC ON A SPHERE (AS
CN NLRL USING A STERLCNET), WITHIN WHICH LIES 1HE C

MAGNETIC DIRECTION. THE TRIANGLE 13 CCNVERGED, USIP
THREE INTENSITIES AS WEIGHTING-FACflRS. IE STRC10E
PLANES uRE GIVEN MCR CCNFICNCE TH1N THE EAEST Cb
(1CONFIQ.NCE1 INTENSITYN, WHEE N2 INITIALLY,

N MAXIMUM.) CNCE THE ERRCR-TIANGLE HAS COLLA
TO u,C1 DEGREES RACIUS, THE sTRCNciT VERTEX IS CHCS
AS TH FREFERWEC OIRECIICN INOICATEC BY THE FINNE
MA(NETCMETER 'EASUREMt.NTS.

BZGIN THt AIr PRCGRAt SPINNER

INTEGR UP[JATE
CHARACTL.W ISTAW,IFLuG
CHhRACTLR IBLANK
RLAL ID1,IC2,IEXF,1IF
OIMThSION 4(2,3) ,FA(3),fM(2,3),RMA(3),CM(3),CS(2,fl,W(3),

1OEL (3)
DINICNSION SPIN(3,2,2) ,RSIO(3,2,2),RSPIN(3,2,2)
UP CA TE +

ISTARIH
IFLAG=IBLANK1H
CALIB=1. 12
RCF57 .25775

WRITE HEACING ANCY CUTPLT LPCATL ANC CALIE

WRITE (1,D1)
+JJ1 FORMAT (3X,PROGRAM SPINNER,//)
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WRITE (61,OO2) UFCATE
'+fl2 F0RMAT( PROGRAM MODIFICATICN NUMBER UPDATE =,L2)

WRITE (61,0O3) CALlS
4J)3 FORMATc SL0WSP1htRCALIBRATICt CONSTANT £ML/CL1fl

C

C INITIALIZE THE SLOW SPINNER ESIOLAL
C

R' SIQAC.
DO 3 L1,3
DO 3 M:1,2
00 3 N1,2
RLSID(L,M,N) .

3 CONTINUE
C

C RiAD THE INPUT CATA, AS IF IT WERE FROM THE
C SLOWSP ItNER
C

WRITE (61,8001)
C)J1 FORMATPTTY INPUT T 1*)

10 READ (63,70(.i) IJI,AL,EE,V,STR,GIF,IEXF ,INF,
ISCALE

7)31 FORMAT (A8,2(F..1) ,F..2,2(FL..1) ,2A8,F3,C)
READ0,7CC2 ((SFIN(L,r,1) ,SFIN(L,fi,2),M1,2) ,Li,3),IC2

7)D2 FURMAT(j2(Ft.2),8)
IFLAG= IBLAtK
IF(IDi.EC.102) (,O 1012
WRITE (51,11)

4)11 FORMAT(SAfrFLES CLI iiF O0ER)
CALL EXIT

C
C WRITE A HEAQIM
C

12 WRITE (61,4014)
4q14 F)RM4T (///.'/ /////)

WRITE (1,4)04)
+34 FORMAT( ICEN1IFICATIGN ALFI-A BETA VCLfrE ETF1Kt

j. DIP ExP.RIMLNT ADDITiONAL INFO:MATIOr)
C

C IS THE DATA FAST-SPINNER TYFEA
C

SUMO.
00 21 L1,3
00 21 M=1,2
SUMSUM+SPIN CL ,M, 1.) +SPIN CL 2)

21 CONTINUE
IF(SUM.GT.2)fl.) GO TO 0O3
CC) IC E7U

C
C THE DATA IS WLLY FASTSfINtER IYFE.
C HAK APPR0PUAT. AOJUSTMi..NTS.
C
5JJ3 DO 23 L=1,3

00 23 M=1,2
P(M,L) :SPIN(L,M, 1)
l(P,L)=SPIN (L,M,2)

23 CONTINUE
C

C WRITt TE FkTSf-I1NER DATA
C
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WRITE (61,501) iC1,AL,6E,V,ST,CIF, XEP,INF
531 F0RMAT( $,A8,4X,5(iPFi0.1),5X,A,6X,A48,/)

WRITE (61,L400e)
'.JLJB FORMAT18X,(X,+Y SPIN),6X,:(+X,-Y SPIN)i,,:(.Y,+Z SFIN)z,)(,

i(+Y,-Z SPIN),X,(+Z,+X SPIN) ,X,(+Z,-X SFIN))
WRITE (6l,1+Q7)

4)07 FORMAT( FAST-SPINNLRS PHASE MAGNITLCE PHASE AGNITLCE FhASE
1 1AGNITU0 PhASE MAGNITUDE PHASE AGNITUC( PhASE AGN1TU0Lfl
WRITE (6j,303) ((P(M,L),RN(,L),l,2),L1,3)

E3)3 FORMAT Ct MLAELRMENTS*,6(0PF7.1,1PE11.2)
GO TO 2(09

C

C WRITE ThE SLCW-SPINthR DATA
C

57)5 WRITE (b1,301) IC1,AL,eE,V,STR,CIP,IEXP,INF
WRITE (61,305)

lJj5 FORMAT U SLO%-SFINNcR$ SENSITIVITY +X +Y +X -y

I +Y +7 +Y -z +7 +X +7 -X)
IF(IOi.NE.8HESI0UAL) GO TO 7f4
RSIDA999.
WRITE (61,O12)

'+)12 FuRMAT( 4'RESICLALfl
WRITE (61,5703) SCALE, ((SPINCL,M,1),SFIN(L,M,2),M:1,),L=1,3)
GO TO 58)5

57)4k WRITE (61,5703) SCAL,(tSPIN(L,M,l),SFIN(L,M,2),M1,2) ,L:1,3)
57J3 FOR1AT U EASURMENTSl,F6.2,12F7.1)
5)5 CONTINUE

C

C CONVERT SLOW SFIM'ER DATA TO EU
C

DO 002 L1,3
00 2302 M1,2
DO 202 N1,2
SPIN(L,M,N) PLt(L,M,N)4SCALECAL1B
SPIN(L,M,N) = SFIb(L,M,W).(01

2)32 CONTINUE
C

C ST THU SLO SFIE I0UAL
C

IF(IDI.NE.8I-PESICLAL) GC TC 2C(1
00 401b L1,3
00 4016 M1,2
00 4016 N1,2
RESID(L,M,N)SHIN(L,M,N)

LIJjb CONTINUE
GO TO .0

C

C CORIECT SLON SFINNLR DATu FCR RtSICIJAL
C

2J01 IF(RSIDA.NE.39.) Gu TO 235
00 4018 L1,3
DO 4018 M=1,2
00 4018 N1,2
SPIN(L,H,N)SPIN(L,M,N)-I0(L,M,N)
RSFIN(L,M,N)SPIN(L,M,N)10.44/(CALE4CALIB/1C.)

318 CONTINUE
WRITE (61,5707) SCLE,((F1N(L,',1),SFIN(L,M,2),:1,2),L1,3)

5P)7 FORMAT U CCRR. FtTh tSIDUALtt,F7.,2X,1ZF7.3)
C
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C CUNVERT SLO SIINER DATA TO PIA$E APC II1tN5iTY
C

2Q5 DO 20U3 L=1,3
00 2003 M1,2
R't(1,L) 5CRT(SP1I(L,M,1)2 + SFTh(L,2)2)
CALL ATAN9(SPIN(L,,2) ,SPIN(L,M,1) ,P(,L))
PU,L) P(M,LFCF
IF(P(M,L).Gt...u) GO TO 2003
FU,L):P(M,L)+33.

2333 CONTINUE
C

C BEGIN TIE MAIN BODY OF THI SPINNER PROGA
C

2339 WITE (61,4C2)
'+320 FORMAT(//)

SU4L.
30 15 11,2
DO 15 J1,3

15 SUM=P( I,J) +RM (I, J)
IF (SUM) 955 ,% 55 ,i1E

C

C AVERAGE T TC PHASE RAClNGS FOR IACH PLANE
C AND COPIPLTt 2 DEL(I)
C

116 00 1L+9 J1,3
IF((F(1,J)+F(2,J))-27eJ.)126,120,120

120 IFUP1,J+P (2,J))-.+c.)122,122,128
122 PA (J) (3E0.+F(1,J)-F(2,J)) /2.

DLL(J)=AeS(1ec.(Pc1.,J)+P(2,J))/2.)
GO IC 11+0

128 DEL(J)(P(1, J)+P(2,J))/2.
IF (CEL (J) -leo.) 1. , .3'+,132

132 OEL(J)36U.CEt.(J)
131+ PA (J) (P(1,J)-P(2,J) )/2.

IF (P Ci, J)F( 2, J)) 135,140 ,140
1.38 PA(J):363.+PA(J)
140 IF (FA(J)-leo .C)1'+,1's,142
142 PA(J)FA(J)-3d.ti
1 IF(OEL(J)-1+.5)14,11+9,i'b

61

C 2 DEL(1) 100 LAkh. FLAG IT.
C

IL+6 WRITE (1,2G0) .i,CEL(J)
23 FORMAT( ?x,2 DL($,I1,) ,CPF7.2, CEGREESfl

IFLAGISTAR
149 CONTINUE

C

C AVRAGt Tf-. TO ITLNSI1Y ACI'G5 FCR EAC- F_AM
C AND COPPLT M ANO J
C

DO 212 I1,3
212 R1A (I) (RM (1,1) +R (2, £) ) /2.

RJRMT/V
C

C COMPUTE T WLIGHTIFGFACTCRS FtJ CCtVECIrG THL EQCTRIAtGL
C

2

220 P..MI=(( (1./F.MA(1) ,( (i./R'A(3) )44N))
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00 22k. 1=1,3
22k W(I)=((1./MA(I))N)/RMI

C

C COMPUTL M OIFFEREI%CE(I)
C

00 2LO J1,3
DRM= ABS (RM (1 ,J)-RM (2 ,J))
ONRM=DRM/RliT 10O.
IF (DNM-5.CQ)2+,238,238

C

C M OIFFREICE(I) TOO LARGE. FLAG IT.
C

238 WRITE (61,2O1)J,OtRM
201 FORNAT( ,$' C1FFERPCL(,I1,fl =,0FF7.2, FERCPT CF fr)

IFLAG= IST4R
2k0 COITINU.

C

C CONVERGE THE kPOR TRIANGLE
C

0= .
R0.
$=0.
IF(W(1)W(2))323,316,318

319 IF(W(1)W(3))326,330,3O
32 IF(W(3)W(2))322,32b,326
322 0:2.

GO 10 332
326 R=1.

GO TO 332
330 S=1.
332 WI=(QW(2))+ (R(3))+(S'W(1))

WJ:(SW(2))+ (C4W(3))+(R4W(1))

TI:(CFA(2))+(PA(3))+(S#PA(1))

TK=(RPA(2))+(SPA(3))+(Q4PA(1))
C

C INITIALIZL A
C

A= 0.

C

C ITc.ATF UF TO 13 TI"S IC AIPs CCF..VERGt.NCE
C

DO 51'. L=1,13
RMJ=COs (TJ/RCF)

J:SIN (TJ/CF)
RJK:COS (TK/RCF)
RLK:SIN(T</RCF)

C

C NO STRONG INTLR.CTIONA FLAG At3 GO TO ILW I\PUT DATA
C IF(RNJ)2r,l2,L.a

.2O F1./(SQRT(1.+(( ))

RLFRLKRNJ/NK
Z1=FRMJ
RI1:FcRNJ
G:$CRT ( (L'R L) (2ZM)

C

C EROR-TRIANGLL CCNVERGED TO ZERO CEGEES ADIJSA
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C

IF (G)k31,532,k31
'431 CALL ATAN(Ztd,L,TIi)

TI 1=11 1RCF
AM =1. U

IF(TI-TI1)k'.,k38,L.38
.38 AM.0
+tJ TI2TITI1+At436Q.0

u=i. a
IF

s'+6 U-1.D
+'+8 TI 3= (U+1. 0) 36. J/2 0tJTI2

C

C EROR-TRIANfL CCNVERGEC TO LESS THAN 0.01 DEREES CIUSA
C

IF(GTI3C.07)532,2,k52
452 TIk=TI2(l.2-lI) +O.5(1.OfU)WI60.0

TI5=TI'+TI1
TI 6T15
IF(TI5-18].0)462,L,6,460

'+6 116=T15-36C.0
'462 IF(L-i)k6t4,tL,,L.76
'+64 OJSIGN(1.Q, (fNKRLK))

IF (RLK)k?0,k 8,470
+b8 OJ:SIGN(1.C, (RNKCOS(TI6)))
+70 OK=SIGt'i(1.C,(RNJFMJ))

IF (RP'J)k76 ,474,k7
174 OKSIGN(1.C, (RNJSIN (116)))
+76 TJ1TJ+TI3LCJW1

TK1=TK+TI3LCKWK
Ti 2= TJI

IF (lii +180.0
'+SC+ TJ2TJ1#3C.
+86 IF (TJI-18L) .t )k9J ,k86
'+88 TJ2TJI-36&.0
'+90 TK2TK.

IF (TK1+1eo. )49.'s ,4'.,'+9
49k TK2TK1+36C.0
'+36 IF (TKi-18O .0) UC , 50L.J ,48
L.98 TK2TK1-3C.

C

C COMPUTE A
C

5J0 ATi.(WJ+WK)UTI3
4= A+T
T1116
TJ=T 2

14 T'(TK2
C

C INC.RcASE THL WI(,HTINGFACTCR LXFCNENT N At1C
C TRY AI FC1 CCNvERGlC
C

C

C NO CLOSU,EA FLAG MND GC TC NEW INPUT OATA
C

IF (N-6)220,22C,911.
C

C t.RPOR-TRIANGL. HAS CONVERCEC SATISFACTORILY
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C BEGIN THE FINAL FHASE CF THE FROGRAM
C

532 FLS<LfRZM+C4RN
FM:QRL+SZ +RFth
FNRL+C2 +SN
A= AS (A)

C

C COMPUIf t'
C

CM (1)RMT4SGRT(FL4FL+FMF1)
CM (2) RMT RI (FMFM+FNFN)
CM (3)RMTSCFI (F4Ft'.+FLFL)
RI MS3 .
00 56C 1=1,2
00 566 J=1,3
DS(I,J)=(CP(J)-fM(I,J))(CM(J)-fr(I,J))

6 RMMSRMMS4CS(I,J)
1'(1.0/(2. 1494RPT))SCRT (S)1i.

IF (RMM-t,.36)610,572,572

C MM TOC LARGti, FLAG IT.
C

572 W'ITE (61,22)
202 FOR T(0X,fr GREA1 THAN 5.( FERCNT OF MI)

IFLAG=ISTAH

C PERFOR ALPHA At'0 FiETA CORRECTIONS
C

olC SSIt(3E/RCF)
C)=COS (8E/CF)
SSIN(AL/RCF)
CA=COS (AL/RCF)
E33=(FLS3) +( FN'CB)
X= (FMCA)+(Fi2A)
Y FP-SA-EeCA
Z (FNSf3)-(FLC3)

C

C CUMPUT I AN.) 0
C

XXYY=SQRT (X+Y4Y)
CALL ATAN(Z,XXYY,F1)
Fl =FIRCF
CALL ATAtIg(Y,X,FU)
FO FCFCF
IF (Y)b32,3S+

3L CONTINUE.
C

C SLPARAT. TH P1NCIPAL-PART .NC EPCNL'T OF J AD
C

00 726 1=1,12

IF(J-1.C)726,?2,723
726 RJ=RJ1U.3
728 CONTINUE

00 736 1=1,12
K1 (- (.L-1)

IF(T-1.)73b,73,73
736 RMTRMT1.O
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738 CONTINUE
C

C PRINT tH. ANSES, SHORT (USGS) FCRAT
C

WRITE (b1,L+G1U) N,L
'+Ji.0 FQRMAT(:tjWtIGhT1NCFACT0R EXFONEbT

NUMBER UF IT.RATIONS = I. ,I2)

WRITE (b1,006)
+J06 FORMAT (0SCL(TICNZfl

WRITE (6l,)1J2) ID1,iFLAG,FI ,FD,P,RJ ,KJ,RT, ILXF ,LFCT
£),)2 FORMAT( ,A8,.1,;I=,UFF5,1, D=,F5.1, A:,F4,1, J=*,F'+.2,

i:L:,12,z 1=t ,F4.2,tL,I2, MM=:,F5,1,Z/.,A9,OD,I1)
C

C W1T TIF ANLRS ON CARD, HCRT (LSGS) FCRM
C

WRXTE(7,6J03) ID1,IFLAG,FI ,FD, A,RJ,KJ, T,KMt,R ,I}X , iF
ei3 FORMAT(A3,t1,sI=,5.1, O=,F.2, A=,FL.1, J=f,Fs.2,L,

1I2, M=*,F4. 2,ZE,I2, MM,F5.1,1%,A,A8)
C

C PLRFOR STiIK ANC DIP CORf'ECTIONS
C

IF(0IP)1701,i(,17j1
ifli SSNSIN(STP/RCF)

SCSCOS (STI/RCF)
01 PDIP
OSNSIN(DIF/RCF)
DCS=C(.S (OIF/RCF)

CV S SCS(1. 3DOS) +Y'C SS NSS I+SC S4 SCS OCS) 4Z CSCSN
CZ :X4SSN4C5N.'r4CN4CS+Z0CS
CXXVVSORT (C 'CX +CY')
CALL ATAN9(CZ,CXXYY,CFI)
CFI=CFIRCF
CALL ATAN9(CY,CX,CFU)
CF DCFORCF
IF (CV) 1702,1703,1703

1732 CFD36u.D#CFC
C

C PRINT THE ANStS CORRICTEL FCR S1RIK( A1C CI

C SHORT (USU) FCIPT
C

1fl3 WRITE (1,102) iD1,IFLAG,CFI,CFC,RJ,KJ, IEXP,LFDAIr
E1)2 FORMAT (:Oi,t8,Al,;1=z,F5.1,l C=,F.1,7X,: J:7,F4+.2,E:,12,

i: STPCIP LCRECTEO;,V.;,A9, F'UC,I1)
C

C WRITE THt NSRS ON CARD, CCRRECTEO FOF
C STRIKE AND OIF, SHORT (USGS) FCWAT
C

WRITE( 7,61C3) 131,IFLAG,CFI,CFO,RJ,KJ,ItXP,INF
6t03 FORMAT( O=t,F5,1,7X,; J=:,F4.2, r,I2,

1 ETCIP CCRCTEC v.,A9,Ae
G) TO 10

C

C FLAGS FOR i'Q k.M3ON5LL 3CLUT1Ct
C

2O WRITE (h1,24+)
2)L FORATtXDNC CLOSUREt CHECK II\FUT C.TA FC MISTA<iE:)

GO TO 10
2O WRITE (ôi,2G5)

?05 FORMAT(]NC STLG 1NiERStCTIC\* ChECK INPUT CA1 FCP 'I51AK[S:)
GC TO 10

9 STOP
END
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658 SU8ROUTII ATAN9CI,X,A)
659 C

660 C SUBRCUTII ATtM(Y,X,A) FEFCJS TE STAICAPC IB
661 C FUNCTICN ATt*N(Y/X), bHEF6 A lIES 3TWLEI -I APO +P1
662 C kACIAS
663 C

66'. RCF57.29577'E
665 IF (X)301,30C2,.i3
666 3)j AATA4(Y/X)+SIGN(1e.,Y)/RCF
667 GO TO 3309
668 3)'J2 IF(Y)3,3UC,3t
669 3JtJ'. A-90./RCF
670 GO TO 3009
671 J3E A=0.
672 GO TO 3039
£73 3J06 90./RCF
67'. GO TO 3009
675 333 AATAN(Y/X)
676 3339 CONTINUE
677 RETURN
678 END

NO ERRORS FO ATAP49
LENGTI CF SUBROGRAM C.113
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C

C

C

C

C

C

C

C

C

C

C

C

C

C
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C

C

C

C
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C 14
1,

C 14

67

FRCGRAM SIFLE1
XZOXENtSIPFXTES VECTOR AVERAGE, POLE, AND FISt STATISTICS.
COMPARISON I1TH FLCWAVER SIMFL1 DOES Nd CCMPUIE I1HI!FLCW
ARAGLS OR CL. INSTLAO ThE ANc-LLt.R STANOARC DEJIAI1ON IS
APPROXIMATEC BY SA:SCRT(2./K). ALSO THE QUANTITY
RAARCCS(R,N) IS CCMFLiTED.
INPUT DATAI IDENTIFICATION, EXPERIMENT, SITt LATITtJCL, SITE
LONGITLOE, INCLINATICN, OECLIFATICN, INTENSITY.
I ADDITICN, SEPARATE EACH FLCW NITH A CARD hAVING END.CATA
IN CCLLMNS 1-8.
SETS CAN ALSO 8 SEPARATED BY THE CARC CONTAINING THE
IDENTIFICATICN, CFLRIMENT, ANO SITE LOCATION, WhICH MUST hAVE. A

BLANK IN COLUMN 1.
NORMALLY, LSE SPLNNLR CARDS FOR INPUT.
OUTPUT DATAI IDENTIFICATION, EXPERIMENT, SITE LATIILCE, SITE
LONGITUOE, AVERAGE INCLINATION, AVERAGE CECLINATIC, POLE
LATITUDE, FCLE LCNGITLDE, N, R, KAPPA, ANGULAR SflrICARC
DEVIATION, AUERAGt. lrTENSITY, SIANCARE CEJIATICN CF INTENSITY,
DELTA(M), DELTAP), AND RA.
THE CUIPUT FCRMAT Is SItdILAR TO THAT CF FLOWAVER.
DIMENSION CARC(2C)
INTEGER CAF0
CHARACTER CCL1
RAL IOLNT ,ENC1, ,AI ,AO,A

E(UIVALENCL (CARC,END1,00L1)
RCF:57 .29577
PI=3.IL,159
OUT7=PUNCt-t
WRITE (61,O)
FORPdATU PROC-RAM SIMPLE1I VCTCR AVERAGING ANC FCS....,.....)
N0
XS UMYSUMZSUMSUMJ SUMJJ *.

WRITE (61,1.9)
FORMAT (iH)
WRITE (61,2)
FORMAT (i INPUT CARDS......
IF(COL1.EQ.1P ) GO TO 17
READ(5,11) CARD
FORMAT (20A4)
IF(ECF(5)) CALL EXIT
IF(N.NE.O.ANC.COL1.LO.1P ) GO TO 20
WRITE(61,i2) CARO
FORMAT Ct ,20Ah+)

IF(COL1.EQ.1R ) OECuk(7Q,13,CARC) i3ENT,EXPER,SL,SLO
FORMAT (j,A E,2F1O.2)
IF(COL1.EO.1R ) GO TO 1C
IFCENO1.EC.ENC.DATAfl GO TC 20
DECODE(45,1'.,CARD) AI,AD,AJ
FORMAT C11,FB., 3), F B. C, 1C X, E7.
FORMAT(5X,F.1,3X,F.1,2X,F8,S)
FORMAT( 13B,FE.C,T'i,Fb.C/T61,B.O FCS SIMFLE1 uLTFLT AVERC-ES.
NN#1
XSIjM:X5UM+C5 (AI/KCF)4CCS(AC/RCF)
YSUMYSUM+COS(AI/RCF)4SIN(AC/RCF)
ZSUM=ZSUMiSIN (AI/RCF)
SUMJ=SUMJ4AJ
SO MJ S UM J + A JA J

GO TO 10
IF(N.LQ.0) C-C TO 5
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R=SORT(XSUP1XSLM+VSUMYSUMZSUMZS(JM)
A3=ATAN2(YtJfr,XSU) RCF
IF(AD.LT.C.) AC=AC+360,
F'=N
Al ASINF ( ZUPVFN) RCF
AJ=SUMJ/FN
IF(N.EC.1) GC 10 35
ST OJ:SQRT ((F UMJJ-SUMJ4SUJ) /FP/ (FN- 1.))
IF(R.GE.FN) CC TO 3
FK=(FU-1. ) / ( FIR)
FPRN(j,0(FR)(.5'(1,/(j.FP'))1.)/R)
IF(A9S(FPiTh).GT.1.C) GO 10 35
ALS5=ACOSF (FPN) RCF

'. IF(SLA.EO.C.0.A .SLU.G.3.C) GO TO 4
P=ATAr4F(2./TANF(AI/RcF) )
IF(P.LT,.) PP+PI

FL C (FIBtTA +SLO/CF) RCF
IF(COS(P)..5iN(SLA/RCF)SI(fLA)) PLC(SLO/ICF+.TA)'CF
IF (FLG.GE.360.0) LCFLC-36U.0
FL AFL A'RCF
OELM=AL'i5SI N (F) /C3 (A I/RCF)

SA=SQRT(2./FI<)CF
RA:ACOSF(/FM SCF

25 WRITE (61,4)
54 FORPATt OLTFLT

WRIT(61,2E) IJNT,XPE,SLA,SLO,I, AC,PLA,PLC
26 FORMAT( 1 SLA:,F6.2,t ELC,F.2, AI,F.2,
1 AO=,F6.2, PLAi,FL.2, FLO=,F6.2)
WRITE(oi,27) lT,LXfP,t,,FK,AL9S ,SA,t.J,S1Cj

27 FORMAT( 2 ,A5,1X,AL,,* N=$,I, =,FC.E,t K1,F7.2,
1 SA=,F5.E, AJ, t8.2,Z SJ, L5.2)
WRITE(61,28) IOc.N1 ,LXPER,JELM,UELF,RA

8 FORM4T( 3 ,5,1A,A4, OEL!,FE.2, A$,F.c)
WRITE(61,29) IOiNT ,A1 ,AG,J,h,L XFER

29 FORMAT(: ,A7,: AV Ic:, F5.1, C=,F.1,8X te.2,
110 X, $N:, 13, 'ix ,A'.)

WRITE (7, 39) ILkiIT ,AI,A0,AJ,N, XFER
39 FORMAT CA5,X,F5.i,3X,F5.t,1X,L7.2,'.X,I3,iX,A'i)

W'iITE (7jG) IO41,PLA,PLO,AJ,t,EXFER
5 FORMAT A5, ,F,j.,3X,F5.1,1uX,7.2,'iX,I3,'iX,A',; vCFs)

C IF(OUT7.NE.PUNCH$) Gu TO 5
C WRITE(7,7S) IONT ,XPER,SLA ,SLC, I tCPLA,PLC
C 76 FORMAT( $1 :,5,j),AL,t SL,Fo., LCt,FE.,$ AIt,F.,
C 1 AO,F6.2, PLA,F6.2, FLO,F6.2)
C WRITE(7,77) ID.NT,EXPR,4,c,FK,AL95,SA ,AJ,STCJ
C 77 FORMAT( t2t,A5,1)c,A.,Z rI=,I3, Kx,F'..,t AL:$,F5.c,
C i SAt,F5.2,$ AJ,1PL8.2, SJ1,1Pt8.2)
C W.ITE(7,7S) ICaNT,XPER, JLM,GFLF,RA
C 78 FURMAT( 3 CiL,F5.2, c,F5.2)
C WRITE(7, 79) IOcF4T, Al ,AU,AJ,N,YPLR
C 79 F3RMAT(A7, AjX,T12,l=,F5.1, C$,F5.1,T35,1J,1FE8.2,
C 1T,5, iNl,13, T6'+,A4)

GO TO 5
35 AL95=SARADELM=CLPFK1OCC0O. £STDJ1.0C

GO TO 2'.
'.5 PLA=FLC1UCf0C.

GO TO 25
EI 0




