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Utdrattur

A Arunum 1970 - "85 komu 1t hja Raunvisindastolnun Hiskolans niu
kort i kvarfanum 1:250.000 med segulsvili ylir Islandi, sem Porbidm
Sigurgeirsson professor maldi ar flugvél a4 arunum 1968-80. Var
segulstyrkurinn telkna8or sem atslag fra fluglinunum sem latnar voru
takna 52000 nT styrk.

Maclinidurstédur of stadsetningar Porbjéms voru a tvenns konar
formi; pal svid sem maelt var [ram a arid 1972 var skrad a segulband sem
tonn med breytilegri Honi, of vélin stadsett eftir kennileitum 4 Tandi. Um
mitt pad sumar var komif fyrir atbonadi i flugvélina sem skradi
sefulsvidsstyrkinn stafrant a gatastrimil. Pa voru lika tengd teeki vid
sjalfstyringuna sem galu haldid fugvélinni i fastrl fjarleegh ra
radiosendistddinni { Sandi 4 Snafellsnesi. Vegna pessa eru fluglinur fra
seinni hluta malinga Porbjérns hringbogar kringum Sand  (Sja myndir 2a
- 2d).

A drunum 1972-73 voru viflamiklar rannsédknir gerdar a

landgrunninu kringum island og var bcgulﬁvlﬁm meaelt ar skipl atl fyrir
sudurstréndinni, frad Homi og vestur i Reykjanes. Einnig var malt
segulsvil 1 og atl fyrir Breifaflivl og at af Vestfjordum. Pessar meelingar
hafa ekki komid 0t a korti i storum kvarda eins og malingar Porbjoms, en
Led Kristjansson hefur gert peim skil 1 greinum 1 erlendum og innlendum
ritam.

Sumurin 1985-86 var aftur flogid segulmeliflug og pa undir stjorn
Leds Kristjanssonar. Var fogid ylir bingeyjarsyslur, cn par vantadi i fyrri
gogn, svo og yfir Hinafléa og Faxalloa. Nidurstidur beirra maelinga birtast
hér a Kortum.

Ollum ofanneindum melingum  hefur na verid safmad 4 eitt
samraemi tdlvateekt form Ll frekard Grvinnslu, Um Jeid voru gerdar
gdgnunum ymsar leldréttingar. Er aagt fra framkvaemd pessarar vinnu i
skyrslunni, og eru gignin til reidu 4 seguldisklingum i IBM télvur fyrir ba
sem gagn geta haft af. Nokkud hefur verld unnid Or pessum
segulmaclingum, m.a, litakorl 1 kvarfia 1:1.000.000 sem fylgir hér med.
Einnig er i skyrslunni kort af stadbundnum segulfrivikum A landi Asamt
Iirsingu a peim, og siud kort af nidurstédum segulmaelinga a sjg 1972-73,



Abstract

Over the years 1970 -85 the Science Institute of the Unlversity of
leeland (SIUI) published 9 profile maps (1:250.000) showing the
acromagnetic fleld of Iceland as measured by Professor Borbjérn
Sigurgeirsson [1970a) in 1968-80. The fleld intensity is ploited on the
maps relative to the flight tracks, which serve as a base line at 52000 nT.,

Sigurgeirsson’s data may be divided into two sections: a) Data from
1968 - midsummer 72, recorded on analog media; the original records
are no longer avallable but manually drawn maps of the results are
preserved, All locations were visual and flight tracks are typically
composed of straight-line segmenis. b) From 1972 - 80 the field
intensity and the position was recorded digitally onboard the plane.
Survey tracks from this section of the data are typically arcs around the
Loran-C station in west lecland. Some of the orlginal records for these
measurements are still available,

In 1972-73 a marine magnetle survey was carrled out on the shelfl
south and west of Ieeland. The results were published with
interpretations in papers by L. Kristjansson [e.g., 1976a.b.c). New profile
maps of the marine data. incorporating various minor corrections in field
and position measurements, are included in the present report.

An acromagnetic program in 1985-86 covered some volds in the
1968-80 survey and two offshore bay areas in north and south-west
Ieeland. Profile maps of these data are included in the present report.

In 1985 work began to transfer all magnetic data from Iceland and
its vicinity to a unified format for computer processing. This work which
included the digitizing of Sigurgeirsson’s 1968-72 profile maps, has been
completed and is deseribed in the present reporl. The two main types of
[eatures characterlzing the feld are a) lineations related to the aceretion
history of leeland; these are described by JJonsson et al, (1989) b) Local
anomalies, mostly related to individual voleanoes; these are described in
the present report.

A multicolor 1: 1,000,000 acromagnetic map based on these data is
published accompanying this report. IBM computer diskettes containing
the data are available separately,



PORBJORN SIGURGEIRSSON'S AEROMAGNETIC SURVEY OF ICELAND

The magnetic maps

Nine maps in scale 1:250,000 have been published (Sigurgeirsson
1970b- 1985) showing the total magnetic field of Iceland as measured
from an aeroplane at an altitude of 900 - 2100 m by borbjérn
Sipurgeirsson. The field is plotted as a profile around the [ight-track
using a scale of 1000 nT per em. The data have been corrected for
temporal variations and the "average field” Is plotted on the maps as a
reference. The various map sheets were issued in following order:

Sheet measirad flight position publ . record.
# alt method date mead dum
3 1968 a0d m visual 1970 analog
2 1969-T1 9040 m viznal 1974 analog
B 1969=T72 1200+m  mostly vis 14980 an/dig
b 1971=T2 12004m  mostly vis 1980 an/fdig
2] 1976=T7 1200/2100m  Loran 1480 digital
B 197 6-80 1200721 00m Loran 1981 digital
1 1972=14 900 m Loran Laf4 digital
T 1972-80 1200 m L.oran 14984 digital
4q 1972-74 L2200 m LOran 1985 digital

Map sheets 3 and 2 were also published as contour maps. The data on all
the nine map sheets, as well as some of the Science Institule marine
magnetic profiles, was reproduced in reduced scale and discussed by
Nunns et al. (1983).

Map base

The Danish General Staff carried oul a programme ol geodetic
surveys in lecland in 1900 - 1938, The absolute datum point for these
was established by astronomical measurements in Reykjavik. Maps for all
of Teeland were issued in nine map sheels of scale 1:250,000 [see Fig. 1
for the numbering arrangement) and 87 map sheets of the scale
1:100,000, These are still in use, with appropriate revisions and they are
also the basis for geological maps, road maps ele. A limited number of
1:50,000 scale map sheets covering the west and south of Iceland was
also published.

A conformal conleal map projection was used with a center point at
G5°N.19°01°19.65 W which also is al the center of map #5, and of the
coordinate system used. The X axis of the coordinate set points lowards
west and Y to the north. Each of the larger map sheet covers an area of
176 km [in X) by 120 km (in Y). The 100,000 scale map sheets cover 44
km by 40 km each. For conversion, we have used a compuler prograrm
based on formulae given by Richardus and Adler [1972). The x of that
publication s tdentical to Y of the leelandic system, and their y is the
[celandic -X. The basic quantities and Fortran program is left for
Appendix 1.

A new astronomical determination of position, made in the mid-
1950°s al Hjdrsey, north of Reykjavik, revealed errors in the older system
by up to 200 m, mostly in longitude. Laler topographic maps of leeland
are in a transverse Mercator projection, bul these are only available in a
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limited U.5. military edition for the whale country. Maps in this
projection have also been published since about 1960 for the SW-corner
of Ieeland. A conical coordinate system associated with these maps has a
center point at 65'N, 18'W, the coordinates of this center being x =
50,000 m and y = 50,000 m.

Measurement technlques of Porbjérn Sigurgeirsson

Sigurgelrsson’s first airborne measurements utilized a proton
magnetometer measuring at discrete intervals. This device, Installed in a
helicopter, was used for measuring the field over the Reykjanes peninsula
and Surtsey in 1965 (see Kristjinsson 1987).

In the more comprehensive survey which began In early 1968 and is
the main subject of the present report, the total magnetic field was
measured with a continuously recording proton precession magnetometer
(Sigurgeirsson 1970a) in a single-engine fixed-wing plane. At first the
magnetometer was suspended in a "bird" below the plane, but later the
detector was built into the wings. The number of precession cycles was
counted over a 10-scc interval, and with the ground speed averaging just
over 210 km/h (in 1972-80) the spacing between data points is a little
less than 600 m. The ground speed in fact varied from 100 to 300 km/h,
Altitudes were measured barometrically from sea level: In some cases the
alreralt had to ascend above the given altitude due to the presence of
mountains, but this {s not recorded or corrected for. The measuremenis
have always been made during quiet magnetic conditions. They have been
corrected for diurnal and secular variation of the field, but not for the rate
of change of the main geomagnetic field with altitude,

Analog recorded data (1968 - mid 1972 flights)

This part of the surveys covered map sheets 3, 2 and most of 6 and
S [see Fig. 2a). The approximately straight path of the aircraft was made
lo pass over a number of predetermined landmarks such as farms, hills or
road junctions. These were identifled by an ohserver who viewed
vertically downward from the plane and spoke into one channel of a tape
recorder, also recording the magnetic data, or made a mark on an analog
record running during measurements. In some cases, use was made af
vertical photographs or cine film for Interpolating between landmarks,
Nominal line spacing was 4 km and (with several exceptions) the lines
were identified with a sequential recording number.

All field values were corrected for secular varlations (Sigurgeirsson
1970a) as they appear in Leirvogur Magnetic Observatory easi of
Reykjavik. The field was brought back to the meanfleld of late 1967,
when It was 51070 nT al Leirvogur, by subtracting the difference of this
value and the Leirvogur field during any particular airborne survey, {rom
the measurements of that survey. This corrected field was plotted
manually at the various straight-line segments of each survey line The
original magnetie tapes or intermediate digital values have not been
preserved but pencil-drawn profiles, plotted on stretch resistant plastic
foil in scale 1:100,000 exist for all map sheets (except that profiles for
the Snzefellsnes and Reykjanes peninsulas are in scale 1:50,000). In the
1:250,000 published maps, the magnetic field is plotted in scale 1000 nT
per em In a certain direction (semi-ltransverse to the flight path which
acted as a base at 52000 nT. Following is a list of plotting directions for
the published map sheets:



Map Flight direction Field plotting direction

sheel (back or forth) [for positive values)
3 6 W ool M AL right angles 1o segments.
% partly N-5 <X direction [l.c. to the right)
partly E-W +% direction {l.c. up)
G&EG Mostly E-W +Y¥ direction (l,e. un)
small parls an
3-km circles -¥ direction

Data recorded digitally [(midsummer 1972 - 1980)

This includes maps 1, 4, 7, 8, 9 and bits of 5 and 6 (see Fig. 2b). On
these flights, a stable oscillator on board kept the plane al constant
distance from the Loran-C transmitter al Sandur (64.9072°N, 23.9270"W)
resulting in survey lines with circular shape around this commeon point.
These arcs are spaced apart by 10 ps = nominally 3 km. The lines were
numbered according to their distance (in km) from Sandur and the
numbers are therefore almost always multiples of 3. Some anomalies in
the numhering oceur, probably due to accidental phase shifts of 10 or 20
ps in the equipment which, however, have been recovered and do not
affect the true positioning. These line numbers may coincide with the
numbers of lines recorded in analog form and must therefore be
classilied as different data set. In the first of the flights (1972, and
possibly in 1974) the position along flight lines was determined from
landmark ebservations as belore. Later, distances [rom a transmitter at
Rughy, UK. were used, and systematic errors in positions which occurred
in this method were corrected within some 300 m by checking
photographs. The counts of the precession signal were at lirst recorded
on punched paper tape on board the plane, but later on digital magnetic
fape.

REPROCESSING OF SIGURGEIRSSON'S AND OTHER MAGNETIC DATA

Flight line information

Alter considerable overlaps and duplications present in the original
lists had been eliminated by us, Sigurgeirsson’s data were grouped inio
five geographical areas; for cach area a separate list was made of position
vs. tme [HNI or HNIT in file names) and another list containing field vs,
time [SVID in file names). Within each area, the lines had originally one
to three differeni, two-character, code names preceding the line number
(VE and NV in map sheel 1, ete.) but these appear not Lo be relevant and
have been omitted in some later printouts. The order in which the lines
are listed within each area is somewhat arbitrary (partly by line numbers,
partly by time, partly neither), but is precisely the same for the position
records and the field records. A line say no. 342, flown in more than one
piece has its first piece (in the order appearing in the files] unmarked,
the second piece is named 342 1 and a third picee, if it occurs, would be
342 2. The same convention applics sometimes also (o different lines
which may have received the same number due to the 10-psec shilts
mentioned above: These are then numbered (within each area) as 163,
163 1, cle. In each area, no line numbers happen to occur more than
three times.



In the digital records, all lines have the same numbers as those on
the published maps, with two exceptions: (i) lines numbered 447
through 480 on map sheet 8 and in our data are numbered 450 through
483 on map sheet 7; (ii) a similar ambiguity in the numbering of a few
lines at the western edge of map sheet 4 has also been eliminated.
The five areas are as follows:

cole in map clreular dates comments
flle sheot flight line Mown
Tnmes il numibers
VE 1, hits in olhers &1 - 183 18972 186 [short] left out
MN 4 171-246 1872 09336 lelt ol De-
A03-3036 1972 cause al mallunctlon
249-300, 318 1 1974 during {light.
AL 7. most of 8, a2 1-4849 1973, 1976,
E partof O 1977, 1980
SA 9, 5 part of 8, S21-340 1975 F24-405 partly
SE comer of & flown at alt, 2100m
Vi E parlof 5 and 6, 1972 partly at Inereased
[our east-west altitude

strafght lines on 5

The range of coordinates within areas Is as follows:
VE: X from +68 to 4265 km, ¥ from +38 to +169 km.

WM : =31 473 +40 +139
hg: =2a0 =830 -B2 £1749
21 -187 -58 =142 =10
Lt - 84 +HE =149 =13

Flotting the data and ealealating aircraft veloclties revealed a
number of internal inconsistencies in positions. These have either been
dropped from the data on tape (chiefly at profile ends) or smoothed out as
original records were no longer available for checking. The largest pieces
dropped are the northern ends of lines 225 and 228 and a part of line
297, all onn map sheet 4. The total number of thus omitted and smoothed
pieces of data is about 30 each, but it should be noted that in some lines
the speed of the aircraft appears still to be far too irregular, In other
cascs [especially the southern part of map sheet 1) it has clearly been
smoolthed by previous operators.

Errors in the plotiing of the published maps may have occurred
occasionally. Thus, the field graphs for lines 390 and 393 at the
northermmost part of map sheet 8, which crossed each other, were
interchanged by the draftsman. There are also some errors in the
northern part of line 315 on sheet 5. Most of the 1972 data was checked
agalnst on-board analog records, resulting in a few minor corrections,

At the beginning of flights using Loran positioning (mid-1972),
some field Intensity data were originally recorded on computer cards but
not transferred to a tape, 1:100,000 drawings were made manually by us
from a printout of the cards. This phase included the lines 285 through
418 on map sheets 5 and 6. flown on elrcular arcs, and four straight lines
on map sheet 5 (lines no, 2,7,11 and 12; the westernmost part of line 11,
not inchuled on the cards, was flown at different time). In all these lines,



magnetic values were given at 10 sec intervals as done for the digitally
recorded data, bul positions (correct latitude and longitude) had been
listed separately at irregular time intervals (determined by photographs of
recognizable landmarks) of between one and six minutes. These positions
we interpolated lUnearly between the fixed points to even 2-minute
intervals as in the dala below, Some extrapolation and correction of field
noise was also carried out, chiefly in parts of profiles 312, 315 and 318,
For this, the paper output of an analog recorder in the acroplane (with
position notes by the pilot) was used. Over the Vatnajdkull glacier, these
positions may be out by up to one km. This data set received the
identification: VV.

FFinal positions are given in files LVEHNLDAT, LMNHNLDAT,
LAUTINLDAT, LSAMNIT.DAT and LVVHNLDAT. Flight lines are not
separated from each other by blank lines or other means in the position
files, but each record of the file begins with the flight line number and
line piece number. Then comes geographic latitude (N) In degrees,
minutes and hundredths of minutes, and longitude [W) similarly,
Poslilons are also given as X and ¥ Lamberl coordinates as explained
earlier.

During each flight line, positions are recorded at all whole even
minuies, but at the very beginning and end of a flight line a position may
also have been recorded at a different time (given in hrs min sec). Such
extra times, Il extended beyond whole even minutes by less than 10 sec,
vere discarded. Date was given as “day mon year” in original records but
this has been leflt out here. Then comes a number giving the speed since
last position in km/hr, being equal to O at the first position of a line, A
linal number gives the I‘Lf___[mn'd magnetic field in 1967 as calculated for
this position using a formula which is derived from Sigurgeirsson (19704,
sce Appendix 2], Following is a sample of position dala having the Fortran
format:

FORMAT(1X.13.1X,11,2X.13,1X.F5.2, 1X.13,. 1X.F5.2, 2X.F7.2,

1XF7.2,3X 121X 12, 1X,12 3X F5.0.2X F6.0)

171 o Ge  T.TRE 21 31.013 12B.19 =-112.711 19 Z K”E 0. 51979,
17T 0 BE B.12 21 35.02 130.81 -115.61 1% 4 0 Zl6.  GL9RE.
177 1 b6 11.5% Z1 42.38 135,63 -120.5%5 19 & 0 216, haddd,
177 0 Bh 13,84 21 49,06 140.06 -126.45 1% g 0 212, 52020,
177 0 g6 16,03 Z1 57.061 L44,37 -132.040 13 10 0 211. 52035,
177 0 66 17.85 22 5,98 148,06 -138.049 1% 12 0O 214, 52052,
19T 0 Bh 19,46 22 14.25 151,736 144,14 19 14 0 206, HZ06T,
197 0 GG 21.25 E2 22,90 155,0% =150, 40 19 16 O 218, HEOZA,

The magnetic field values are stored in these computer files:
VESVID.DAT, MNSVIDLDAT, AUSVID.DAT, SASVIILDAT and
VVSVIDLDAT, The total fleld data are 10-sec average values from the
continuously operating proton precession magnetometer [aller
adjustment to late 1967). They are given at 10-sec intervals, 12 to a
ling, The time at the end of each line is the instant alter the last 10-
sec interval, These Umes are always even two minutes, followed by
Julian day and year minus 1800,  Survey values obtained at different
heights are given without any adjustment to a common height. The
continuous field recording always covers at least the time span of the
position measurements. The first (last) field value thus should be
plotted no later than (earlier than) 5 see aller (belore) the first [last)
position. The field recordings may extend up to 140 sec beyond
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proflle ends. If these extra values are not to be used for generating a
smoothed field, then the number of field values to be omitted at the
beginning and end of each flight line can be looked up In files
VESL.DAT, ete. The format of these files Is (1x,13, 1%,11.12, 1x.12).
Unreliable field values, which only occurred beyond profile ends,
were replaced by 90999, Overlaps between different lines within the
areas as well as between them have been largely eliminated. No line
of data appears twice anywhere in the entire set.

Secular variation in F has been dropping from aboul +40
nT/year [1965-75) to O n'T/year (1978-88). It is assumed to be the
same all over leeland although measurements in progress
(Saemundsson 1988) indicate local variations of a few tens of nT per
five years. Ii is also assumed that fields due to the aircraft have been
allowed for. Close inspection of map sheet 1 reveals that the reglonal
field in the published maps seems to be variable according to the
heading {ew or cew) of the airerafi, but this is presumed to be due to
a programming or drﬁfling BrTor.

In Sigurgeirsson’s map sheets 4, 7. 8 and 9 the field was
plotted positive to the right (East or -X) bul on map sheet 1, having
more curved flight lines, the ficld was plotted straight up for the
western half and tilted 40" or 45" toward the east for the eastern half,

Tiri P i avi z t:

To facilitate estimates of heading errors, a direction code has been
given to flight lines. For the lines that were flown by Loran navigation on
cireular ares, this code is:

0 if line is clockwise around Sandur as seen from above

-1 f lne is counterclockwise,

During Loran-positioned flights, two short lines at the extreme NE-corner
of Iceland were flown on straight line segments, and so were lines 2,7,11
(part of) and 12 in data set VV on map sheet 5. These lines, as well as
those which were later digitized by hand, received directional codes as
shown:

[ 4

north

east

south

west

northwest

southeast

In the Loran flights, the direction code for each line has been appended
to the xxSL.DAT files. For the pre-Loran flights the direction code
parameter was appended to the “header” of each line as is explained later.

a4 RN LY B IR

Digitization of analog-recorded data

Almost halfl of the field data in Sigurgeirsson’s survey was originally
(1968-72] recorded in the form of a continuous signal (ca. 2 kHz] on
magnetic tape, as already slated. The frequency of the signal was
measured accurately, transformed into field strength and plotied on
plastic film in scales 1:100,000 or 1:50,000. These profiles have now
been digitized, partly by a ruler and partly with the aid of computer
controlled digitizing board.

Digitizing by hand: Reference lines parallel to the coordinate axis
were drawn on the original map sheets with convenient spacing. Points
were marked on the fight tracks with interval close to 500 m (on true



earth), and thelr position determined with respect to the reference lines
using a ruler with estimated accuracy of 0.05 cm (50 m). The field value
was read as the distance transverse (or in appropriate direction) to the
field line. All points where the position of the aircrall was known, were
included and these are marked in the digitized list as "locator point
indicator”™ being equal to 1, or else zero or blank, At occasional breaks in
any ling, these were filled in by estimated field values if not too long. In
the case of larger breaks, successive parts of the line were given a
continuation number 1, 2 cte. Every point was typed into a computer on
the form: serial number of a point within a survey line, location point
indicator, X-value, Y-value (in km) and field value, i.e. deviation from the
assumed average 52000 nT, In centimeters on the 1:250,000 maps, that
is, the unit = 400 nT. In the computer its (Fortran) format is
(i5,x,2,3[8.2), An example of this is given below.

Digitizing with the ald of a digitizing board ("Digitablet” from
Numonics Corporation, with an active surface of 100 em by 65 cm): For
cach coverage of the board, two polints of the polar coordinate marks on
the original maps were digitized and used to define a orthogonal
coordinate system to be transferred to the basal Lambert projection.
Other avallable netpoints were digitized for checking. The flight routes
consist of straight segments between location points and each of these
segments was digitzed, one at the time, by locating its end points and
then a series of points along the field line, The raw data (sequence of
locations of the digitizing board) was transferred from the small
computer running the digitizing board to the MicroVAX computer of the
science Institute, where the true positions and ficld values for each point
were extracted and written into files on the same format as for manually
digitized data. In all cases the digitized data was plotted by computer In
the scale 1;250,000 and compared with the published maps.

These data are kept In the computer in several files of convenient
size, cach flle consisting of many individual survey lines:

MNes. frum [or nes frum] E-W lines from Sneelellsnes
arl Dreldaljdedur area, 1o the processing
Lhe: latler part vas kepl scparately In the [ile
“Brij.frum’” [map sheet #2)
MyTar.frum N-& lines [rom Dorgarf]drdur area (map 42)
[f.frum SE-NW lines ranging from Reyvkjanes peninsula

levwvards the Langjbhkull glacier. (map #3; the
actual data coverage considerably eyond the
baorders of that map sheet)
Isborg frum [or Lsb feare) E-W Hoes, cenlrol leeland (85)
lss frum E-W lines rom central soulh Iceland (#G).

Each survey line starts with a one-line header (Fortran [ormat 415)
of the form:
Survey line number
continuation
number of last record in line
Might direction code



The survey line number is the same as that on the published map
sheets with the exeeption (in addition to those already mentioned) that
the two north-westernmost lines of the Reykjanes NW-SE flights were off
the published map #3 and not included in maps #2, #5 or #6; they were
given the numbers 22, 223 and 224 by us. Continuation is given as 0, 1 or
2 as explained earlier,

Instead of listing the number of records in the header it proved Lo
be better to use the last serial number of the line, in order not to have to
resequence the line when (in a few cases) there were mistakes in
counting or when individual points within a line had to be discarded.
This is an example of a survey line, viz. line no. 28 consisting ol 24
digitized points:

48 o 24 5
11 177.33 -132.80 =-1.09
2 177 .63 =132.47 =0.93
3 177.97 -132.008 =0.75

24 184.02 —125.40  0.42

All these data were modified by us in such a way that the regional
ficld was caleulated [Appendix 2) and subtracted [rom the measured field,
resulting in restdual field values, That resulted in a new set of files with
the suffix “*.segul’. In the following list of files which actually is identical
for data without corrections for regional field (*.frum) and with it, a
survey line is counted as one if it has its own header, even though it is a
continuation of another one.

no of no of dist

File suUrvey recorded covered
lines poinks km
Ek7.sequl 33 3474 LG61
Myr.seqgul 2a 2809 1397
Hes. sequl 21 36e7 1805
Ish.sequl £ BA01 4178
Iss ., 5aqul 34 EELL 3659
Total 172 25691 12700

Further processing of digitally recorded data

As mentioned earlier, the acromagnetic data-from 1872 - 80 were
kept in fles L**HNLDAT [positions vs. time), **SVID.DAT (field strength
vs, time) and **SL.DAT [points to skip [rom the beginning and end of a
line), ** heing one of following: VE [Vestfirdir), MN (Midnordurland), AU
(Austirdirl, SA (Sufaunsturland) and VV [Vestur-Vatna)dkuall), see Fig. 2hb.
In order ta simplify the data and save computer space these three files
were combined for each area in the file: ™*.fram” (** being: ve, mn, au,
sa or vy, and frum’ referring to data without subtraction of the regional
ficld), omitting all Ume records (except for starting time). This file
contains information on positions every two minutes and licld values every
10th second. Interpolating between these posilions, subtracting the
repional field and writing data in the above format resulis in these [les:
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no of i of dist

File gurvey recorded  covered
Lines points km
VE . 5ad 48 7430 4290
MM . S8 47 4504 2600
All, seqg 92 14803 Be37
SA . seq 34 4965 1146
WY seg 16 2501 1487
Total 237 34203 20160

Standardizing marine magnetic data from 1972 - "73

Marine magnetic measurements were made in the vicinily of
Ieeland in 1972-73; the survey parameters and data processing are the
subject of a separate chapter in this report.  After necessary corrections of
the data, described there, they were merged into this data-stream by
correcting for reglonal field and sccular changes. This marine data set is
kept In the “standard” format in 5 files with name of the form svité, ##
being the number of the arca, Area 7 and Area 9 (which was small) were
combined in the [ile sv97.sed.

no af no of dist
File survey recorded covered

lines points km

svl2 . seg 40 130e0 1793
svl3.seqg 26 11320 1497
svDd, seg B 15160 2197

svAT . seg 15 14798 2229
svwl(l.seq 46 15800 2187
Total 193 TO13R Qo

Standardizing of aeromagnetic data from 1985 - "86

An acromagnetic survey was carried out in 1985 - 86 Lo cover volds
in Sigurgeirsson’s survey and to add to it at offshore areas, These
measurcments are described in a separate chapter. The data were
combined to the main data set by reading in the key lists and writing the
tdata - with appropriate correclions - in the standard format. The data
were plotted out, minor overlaps were removed and eritical locations of
some lines in Faxalloi were recomputed in 1987, resulting in removal of
part of a flight line. Following is a quantitative list of the data remaining
In the stream:

no of no of dlist
File BUrvay recorded  covered

1ines points kem
Fax, 5eg 43 10134 2734
Huri . 589 14 2397 731
Mis .58 L T6S 224
Thi.seq 10 2877 BEA
Tetal 13 16181 4577
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Saving computer space

In the course of processing some changes were done to the
"standard” format of the data. Firsty the header is now read as a string
with information (number or name ete.) which is usually 30 characters but
could be more. The data records are now In a more dense form and the
first character of the record is reserved as "end of line" indicator ['1°
means it is the last record of a survey line). Other fields are XY values in
dam (lens of meters) and field anomaly in nanoteslas - all without the
decimal point. A survey line may be as follows:

28 0 24 a
17733=-132080 =56
L7 Ted-13247 -8
Lrt97-13209 50

1 18402-12540 497

It should be noticed that the "location point indicator" has been omitted.

Filtering

The average line spacing is 3 - 4 km for the acromagnetic data
[around 10 km for marine magnetic data) but along the survey lines the
spacing between record points is quite variable. Average values for this
spacing arc about 140 m in the marine surveys, 500 and 600 m
respectively in the two parts of Sigurgeirsson’s surveys, and 280 m in the
1985-8G flights. In order to reduce the visual effect of this biased density
when the data is plotted, a Gaussian shaped low pass filter was run along
each line. A description of the filter Is given in Appendix 3. The length of
the Gausslan window is 51 taps and the hall power point (which was
selected as a certain fixed number of point spacings) was made to be
around 10 km; this is a little greater than the allasing limit for 4 km
sampling, A maximum entropy predicting filter was used to extend the
field values 25 points at each end of the lines In order not to have to
truncate the known field coverage due to filtering, although lines with
less than 20 points were discarded (two lines In the set). The basic
software for this filtering was supplied by Siglas Johnsen at the SIUL
Files which had been filtered had the suffices ".#siud”, # being the number
of spacings used for hall power width of the Gaussian filter.

In order to save computer space and improve the uniformity of the
data, every 3 out of 4 points in the marine magnetie survey lines were
desimated (discarded alter the filtering took place), as well as every
second point in the 1985-1986 acromagnetic data set. Data files which
had been truncated received an extra suffix: “#g°, # being 2 if every second
point was left in, and so on.

Data reordering

The arrangement of the 1972-80 acromagnetic data (arcs) was not
always the best for plotting: for the most processed data set [that which
had been filtered and eventually decimated) an effort was made to
rearrange the lines within the data set and to rename files according to
their geographical position. The large file AU.* which contained all data
from Eastern Iceland was split up into 3 files (‘Nordausturland’,
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‘Midausturland” and “Austfirdir’). The file SA.* In combination with the
major part of VV.* was renamed “Vatnajokull” . The rest of VV {4 lines)
was moved to Midisland® These are the final processed [iles of the data
set, and they received the simple suffix ".s” The names and locations for
aeromagnetie data sets which have received new names more appropriate
to their geographic locations (in Icelandic) are given below:

Aeromagnetlc dota 1968-F2  (stralght lines):

Reyk|janesskagl.s  Reykjanes peninsula and (he western neovolcanic
belt in south Ieeland, extending up o the glacier
Langjékull (earlier Rkj.seq).

Vesturlond. s Weat-Iceland: Snmfellsties peninsula and enst-west lines
north of it [around Breldofjirdur bay) touching  the
Vestirdlr peninsula (earller Nes. scg).

Myrar-Borgarl].s  Norlh-south lines in west leeland,  belween the
Revkjanesskagi data set and the Snafellsnes
[earlier Myr.segd].

Sudurland.s East-west lines in southernmost parl of the 1sland
(carlier [ss.seg).
Midisland.s East -wesd lines in central [celand, north of Sudurland.s

(earller Isb.seg and alsa including 4 east-west lines from
the VW.seg [ile).
Aeromegnelic dola 1972-80 [arcs):

Vestlirdir.s The north-west péninsula (earlier VE.seg).
MNordurland.s Central north Ieeland (earlier MMN.segl.
Snstlirdins The easternmost flords of leeland [(earlier part of ALLseg).

Midausiurland.s Ceniral eastern leeland, Inland from  Austidirs
[earler parl of ALlseg)]
MNordausturland.s  North-east leeland  (earlier part of AU seg).

Vatnajokull.s Vatnajdkull glacier [earlier SA.sef and most of VV.segl,
Acramagnetic dole 1955-86:

Faxallol.s Faxalldl bay (earlier Fax.scgdl

Hunaflel.s Hunalld bay [earlier Hun.seg)

Thingeyjaraysla,s  Voids in the earlier data sct over the north sasbem
neovaleanic helt 1o the county Pingeyjarsysla

[earlier Thiseel,
YmislBh-86.5 Miscellaneous lines o A1l in voids (earller Mis.seg)

Gridding

It may be advantageous to "grid” the data, i.e. keep it as a matrix of
cerlain size where every entry of the matrix represents the field value of a
certain point on land equally spaced in X and Y. The gridding is
dependent on the surface, i.e. whether the spacings are even in a certain

map projection or on a true surface (gridding parameters: A.8). Caution
should be exercised, however, In using gridded data because it requires
considerable mathematies and transformations which may generate
spurious anomalies in between the survey lines, especially If the
alporithm which is used is designed to mimic every detail of the original
data. Our magnetic data was transformed (o a 2x32- km grid within the
map projection (Lambert conieal). A simple method of welghted means
was employed where all survey points within a radius of 5 km around the
grid point were found and the fleld value there was calculated using these
points, welghted with the inverse distance. The disadvantage of this
method is the non-uniform low pass fillering of the field, but it is probably
the safest way of gridding this kind of data in terms of gridding artifacts.
For each grid point, records were kept on the number of survey points
found within the 5 km radius, as well as on the distance {rom the grid
point to the closest survey point. If there is no survey point within the 5
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driver written by Kjartan Emilsson at SIUL. Al our work from early 1987
on was done with this equipment,

Outline map of Iceland

The need for a good computer-based map of the main physiographic
features of Ieeland became obvious when the magnetic data was available
on a computer with graphic capabilitics. No such map of sufficient quality
could be located. Sighis Johnsen of the SIUT provided a student to carry
out the manual work of digitizing the entire coastline, islands, glaciers,
lakes and rivers from the 1:250,000 maps. A speclal mathematical filter
was used (o reduce errors caused by paper deformation, and the precision
of this computer map has been found to be adequate for the purpose of
locating magnetic profiles and anomalies in 1: 250,000 or smaller scales.
This digital map is used in all the fligures in this report, except for Fig, 12
and the color map. Fig. 3 is an index map for areas covered in those of
the subsequent figures which show magnetic profiles.

Data avallability

The authors are prepared to send selected data from the magnetic
surveys to interested parties on request, for a nominal charge. The
following data sets are currently available from us:

a] All residual data (on the form .seg’) which are data corrected for
regional ficld and secular variations. This set of data consists of the
following files and is avallable on three IBM diskettes, 51/5" 1.2 Mb (for

AT computers).

Residual 1 includes (size in byles):

RH. . SEG 0206
NES. SEG 13802
HYR. 5EG BhHGEA
L[55. 586G 169354
I[55.5REG 147548
VE.SEG 149656
ML SEG 01114
AL, SEEG 298084
Sh. S5EG 100048
WL SR B0372
Total 1077278
Residual 2 inclodes:

= THI ., SEG 57760
HUMN. SEG AA248
Fax . S5EG 203706
MIS. SEG 15512
V02 . 5EG 262080
V03 . 5B0G 2ER9TZ
SW04 L SEG 04657
Tolkal 1118%30

Residual 3 includes:

X SW97 . SEG 206290
EV10 5B JLTolr:
LAMBERT, I M52
Tokbal GBLTHZA



b} All residual data which also has been filtered and decimated (on
the form "*.s7). This sct of data consists of lollowing files, available on two
IBM diskettes 51/4" 1.2 Mb (for AT computers). Notice that file names
have been truneated to mateh 1BM specifications.

Filterad 1 incudes:
' REYK.JANE ., 5 10536
MYRAR=RD .S HE47T2
VESTURLA.S 74012
MIDISLAN .S 185a0A
SUDDRLAN .5 147REAR
VESTIRIRD .5 LA e
MORDURLA .S 90860
MORDATIST .5 99708
MIDALST .5 Ba060
AISTFIRD S 110392
VATHAIOE & 134420
Tabal L1208 T20
Filtered 2 includes;
THIMGEYT. S 29220
HIUNARELOT . 5 2dbid
FAMAFLOT .S 103396

YMIS1LA5-.5 T2
5v02.5 L
SvD3a.5 57952
SVl .35 79232
SVOT.5 748410
GvVi0.5 BL3%2
LAMBERT . F 4522
Total 030534

c) A regridded form of the field is available on one diskette which
includes these three lles:

Gridded inchadles:
AERDMAL . MK 3337322
Iﬂﬂm{ﬂﬁ_ﬂ LHE 164507
MAEMAG WoMX 117721
LAMBERT . 4522
Tatal a20072

Included in every set of data is the Fortran program “Lambert [
which converts between the Lambert conical projection used and global
polar coordinates [Appendix 1).
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OTHER REGIONAL MAGNETIC MEASUREMENTS

Marine magnetic measurements on the Iceland shelf, 1972-73

These measurements were carried outl in cooperation between
various Teelandic institutes and the 1.5, Defense Mapping Agency
Topographic Center (DMATC), under the direction of the leelandic
National Research Council. Positioning employed Raydist navigalion
equipment, where a master station on the ship controls two phase-locked
slave stations on shore, whose positions were accurately known
(Thorbergsson 1974). Distances from each station were measured in
"lanes”, presumably half-wavelengths, of 45,4266 meters. Sailing lines
were approximately perpendicular to the shore at 10 -12 km spacing. A
few tie lHnes were also measured. Crew in the bridge steered along the
predetermined lines, reading off and recording manually the two Raydisi
distances at 10 minute intervals (generally whole 10 minutes), along with
depth measurements. These positions were plolied on nautical
(transverse Mercator] maps in the time hetween readings, and used to
correct the heading, The ship’s speed averaged about 2 knots, i.e. 2.75
km/ 10 min,

The survey in 1972 - Areas 7 and 9

Using the small coastguard vessel "Albert”, the survey began in
Faxafléi Bay (Area 5) and outside it (Area 6). Due Lo late delivery of the
proton precession magnetometer (a new model, V-75, from Varian, Inc.)
and a design fault which took many days to locate and correct, no
magnelic measuremenits were made in these areas.

The magnetometer was employed in all of Area 9 (Breifaljordur Bay)
an 29-31 July, and Area 7 (west of the bay) on 3-8 August (see figure 2d).
Only a minor ameount of data was lost, partly due to ink or paper problems
and parily due to very high hasement-surface noise levels in the
shallowest waters of Area 9, Measurements were made at 3-sec intervals,

The magnetometer recorded the last 1000 nT of the signal on a
paper roll in steps of 10 nT, so that accuracy is probably 5 nT (rounding-
ofl error) plus an average of ca. 5 nT due Lo zero and calibration drift.
The data were later digitized and typed into a computer at half-minute
intervals starting 0-20 sec aller a 10-min time signal. It should be noted
that the probe was about 40 sec (180 m) behind the ship.

Some magnetle disturbances occurred during the survey, including
one of the largest magnetic storms in record at the Leirvogur Observatory
on the 4th of August that year. :

A proton magnetometer (Modi) was operating at 10-min Inlervals at
the Leirvogur Observatory, but was found to produce rather erratic
readings which were often nol suitable for reducing the survey.

La Cour photographically registering meters were also operating at
the Observatory, giving continuous analog signals. The H-component was
often found to vary irregularly during disturbed field conditions, so the
method used for reducing the data employed a manually smoothed Z-
trace. (It should be recalled that the sea probably damps out most high-
frequency magnetic variations). Reductions were made at 10-minute
intervals relative to the average quiet-day Z in the summer of 1972, which
was about 49841 nT. The mean Z in Leirvogur during the survey itsell
was very similar or 49843 nT and the mean F was then 51320 nT. The
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reductions for the tUme being did not use the 1967 level of Sigurgeirsson
(F=510%70 nT)], so this must be taken into account when comparing the
resulting maps with with his surveys.

The swrvey in 1973 - Areas 2,34 and 10

) In 1973 the measurements were made from the converted trawler
"Isborg”. The areas covered were Area 4, south of Reykjanes to the
Vestmannaeyjar Islands (18 May - 10 June), Area 3 south of central
southern Ieeland (19 June - 24 June), Area 2 off SE-lceland (27 June -
10 July, with one Raydist station being moved on & July), and Area 10
west of the NW-peninsula (18 July - 24 July) where sea lee caused some
navigation problems. When a few lines had been surveyed in Area 11 off
the Hanaflol and Skagaljorfur bays, the probe cable broke and was not
recovered or replaced,

In the 1973 survey the DMATC recorded the magnetic field digitally
on a tape, to supplement the analog record on board. The digital data
were delivered to us as printout, including ficld values every half-minute
and position in lat. and long. (in radians] at ten-minute intervals, but not
necessarily at integer ten minutes. The field values tumed out to contain
a great many erroncous values, due to some noise in the DMATC data-
logging computer. These errors vere sometimes transparent (whole
hundreds or thousands of nT ete.) but often they had to be corrected by
comparison with the analog records. The printout was also in rather
erratic order and there were time intervals missing. These were filled in
where possible, using the Raydist numbers from the crew in bridge (after
interpolation to the DMATC times) and the analog field record. In a few
survey lines neither the analog recorder nor the computer were
operating.

Included in the printouts are depth values for each location
recorded by the crew. The fathometer sometimes did not record the
depth in which case 0000 appears and il also did not operate beyond
1400 m. in which case the number "9000° appears in the records.

The diurnal and secular variations were reduced using the Leirvogur
Z-component of the field and crossovers as in 1972,

Processing and publication qf the data

For Areas 7 and 9 the positions at every whole 10 minutes were
plotted by hand at the Science Institute in 1972 using the Raydist
numbers (interpolated to whole 10 min if necessary) and a formula flor
spherical earth. The map of Area 9 was drawn in scale 1:150,000 but all
other areas were drawn in secale 1:250,000. The Hydrographic Survey
supplied in 1973-74 maps with their recording locations (at 10 min
intervals) for Areas 2, 3, 4 and 10. These were used as underlay for
manual plotting of the field where straight lines approximating each
survey lineg were used as a 52000 nT baseline. The recorded Raydist
numbers and the coordinates supplied by DMATC were thus not directly
used by the Scienee Institute for plotting the 1873 positions. On testing
In early 1987, it was found that these were generally in agreement by 1
minute in time (i.e, 300 m] or betler, except for much larger amounts in
two short segments and 3 minutes in Area 10 after noontime on 21 July
1973 to the end of that area. Small differences between the DMATC
coordinates and those calculated from the Raydist numbers may be
accounted for by e g, some seconds’ time difference in recording, and the
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fact that DMATC may have carrled out some smoothing, correcting for
station heights above sea level, and employed formulae more sophisticated
than those used at the Selence Institute. Lines were not surveyed in the
intended order due to various equipment problems. A few lines appear to
have been given different numbers by the DMATC and the Hydrographic
SUTVEY.

During the ariginal processing of the 1972 measurements it was
deeclded to filter the results of the marine surveys along the tracks with a
triangular filter of total width 10 minutes (i.e. 20 data points, or about 3
km]. ‘This had two related purposes: a) to reduce surface-generated
noise which reached 100°s of nT over short distances in Area 9, and h)
to make the resulting profile maps look comparable to those of
Sigurgeirsson. Filtered data were printed out at 5-min Intervals,
correcied manually to the estimated quiet-day level and plotted manually
on the map. Some adjustments were made to improve the agreement at
crossover points.

The above-mentioned maps of Areas 7 and 9 were later redrawn on
a commeon scale at the Hydrographic Survey (with omlission of some
overlaps) and delivered to the Science Institute as a 1:800,000
transparency. This map was published by Kristjdnsson (1976a,¢) with a
discussion of the main anomaly features seen oflf W-leeland. The field
profiles were drawn as broken curves where spatial or temporal
disturbances were usually large.

The anomaly map for Arca 10 was published by Kristjansson (1976¢)
and those for the region off S-Iceland, also smoothed with a 10-minute
triangular filter . were published by Kristjansson (1976b). Results from
Area 11 were shown on a diagram in the final report of the joint
commiltee of the National Research Counell carrying out the above
research, dated Nov. 1976.

Subsequent processing of the 1972-73 data

The Hydrographic Survey later supplied the Science Institute with
1:500,000 scale maps giving (slightly corrected) depth values at 10-
minute inlervals, with additional values (read from fathometer sheets) at
S-min intervals or more often where the depth changed rapidly.

Attempts at interpreting the 5-Iceland shelf magneties in some
detall were made by Karl Gunnarsson at Durham University in 1977-79
and by Ingl Bjarnason at the Science Institute in 1984, Both were rather
inconclusive, and remain unpublished.

The temporal corrections were re-evaluated in Jan. 1987, taking
the Leirvogur proton magnetometer more into account than before,
Positions were also recaleulated, with the elliptical shape of the earth
being allowed for,

By using computer graphics, some additional minor errors in the
field data were detected and eliminated at this time. A few line segments
in Area 4 were discarded as the previous correction for temporal
varlations seemed to be inadequate. All the marine magnetic data [ at hall-
minute intervals] is now available from us on diskette as described above:
original magnetic fleld records (al 3-sec intervals) and depth information
is also accessible on request.

Aller low-pass [iltering, the marine magnetic data has been plotted
in Figs. 7 (Arca 2), 8 (Area 3). 9 (arca 4], 10 (area 10) and 11 (areas 7,9).
It should be noted that the style of the maps differs from those of
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Kristjansson (1976) in several ways: a) the 52000 nT baseline has been
eliminated b) instead of position points at 10-min. intervals and an
average straight ship track approximating each survey line, a smooth
track has now been drawn through all the position points ¢) the
estimated regional field has been changed d) positive and negative
anomalies are drawn with different density of hatching and with new
conventions as to which side of the ship track Is positive.

Marine magnetic measurements, 1975 and 1977

In 1975 the Sclence Institute operated the V-75 magnetometer
onboard a small boat during a bathymetric survey of parts of Faxafloi bay.
The survey tracks were circular ares around a Raydist transmitter at
Grotta near Reykjavik, Unfortunately the coverage of magnetic
measurcments was incomplete due to Instrumental problems, but the
results gave a good indication of the northeasterly trend of anomalies
north of Reykjanes peninsula,

In 1977. some magnetic measurements were made In an area NW of
the Reykjanes peninsula and in another small area off Krisuvikurbjarg
[south of the peninsula). The former showed also northeasterly trends,
but the field south of the peninsula was quite flat. No localized anomalies
indicative of central volcanoes were noted.

These measurements were published in a report [Kristjinsson
1978) with discussion. They were used in planning the 1985-86 Faxafll
aeromagnetic measurements, but the data has not been included in the
present set,

Aeromagnetle measurements of small areas

borbjdirn Sigurgelrsson carried out several local surveys over
Individual geothermal areas, commissioned by the Geothermal Divislon of
the National Energy Authority (NEA). Narrower line spacing and lower
survey altitudes were used than in Sigurgeirsson’s regular survey of
Ieeland,

Contour maps of some of these have been published in NEA reports,
including a survey of the Reykjanes geothermal area, Krisuvik, the
Niamaljall-Krafla area, the Peistareykir area, and the region between
Hengill and Reykjavik (Palmason 1987). No records from the above
surveys have survived at the Science Institute.

Slgurgeirsson also made detailed surveys at low altitude over four
localized magnetic anomalies in SW-leeland, viz. Stardalur, Ferstikla,
Skijaldbreidur and Hvanneyri, His contour map of the first of these has
been published by Kristjansson (1987), and redrawn maps of the latter
two anomalies are included in the present report (Fig. 12).

U.5. Navy magnetic surveys

The U.5. Naval Oceanographic Office and other U.S, agencies have
carried out several alrborne and marine magnetic surveys in the vicinity of
leeland since 1963 (see Kristjansson 1987). The most comprehensive of
these was that of the "Project Magnet", carried out at 150 m altitude and
5.5 km spacing around Iceland in 1973-74. The data from this survey
north of leeland was presented and discussed by Vogt et al. (1980) and it
was also included In the map of Nunns et al. (1983). It has recently been
made available to the publie, along with some other magnetic data from
the Iceland arca, in regridded format ( 2 x 2 ki) by the U.S, National
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Geophysical Data Center as part of the "Decade of Norih American
Geology” mapping effort. This regridded data is used as background in the
map which accompanies the present report.

Copies of some U.5.N.Q.O. contour magnetic maps, Including surveys
over a 45x60 km area around the island of Surtsey in 196471966, a 1968
survey between [celand and Greenland, and a 1968 survey SW of [celand,
are available at the Science Institute and may be inspected on request.
One of these is reproduced here as Fig. 14, The anomalies are relatively
small [ a few hundred nT or less) and irregular; the two main offshore
highs oceur over Heimaey and to the northwest, in the vicinily of
Pridrangar.
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AEROMAGNETIC MEASUREMENTS IN 1985-86 (This chapler is partly
translated from Sverrisson and Kristjansson (1987))

The magnetometer

In early 1985, the Science Institute purchased a new magneiometer,
of the lype Geometrics G-856GX. This purchase was supported by the
Science Fund of Iceland (Visindasjodar), The meter has a solid-state
memory which can store records of about 5000 measurements and times.
As operated, the duration of individual measurements in our case was 0.46
see (at 4 sec Intervals) and the accuracy was 0.2 nT,

After some testing, the probe of this magnetometer was installed In
the wing tip bulb of TF-ESS, a six-seater Cessna 310. This bulb is partly
occupied by a gasoline tank but otherwlse emply except for a landing light
which we removed, At a magnetically quiet spot at Reykjavik airporl, we
tested the effect of the plane itself on the magnetometer readings for eight
different headings on two separate occasions. It appeared that a value of
about 44 (1 + cosaz) nT had to be added to the magnetometer readings to
ohtain the correct value (az = heading, east of true north) and it did not
matter whether the engines were running. On the other hand we do not
know what effect the retracting of the landing gear may have had on the
measurcments. The above correction refers to the heading of the aircraft,
which Is not recorded durlng flight; it may deviate from ithe general flight
direction in eross winds. The effect of inclination of the aireraft (about
horlzantal axes) is not known, but it Is assumed to be small as all data from
profile ends are discarded.

Measuremenis were made at 4-sec intervals, The clock of the
magnetometer was set to the nearest second before each flight, but as it
tended to run a little fast a correction was sometimes applied in data
processing. A few disturbances from the plane’s radio occurred, but
estimated field values were inserted manually. The meter often (for
example when the plane was turning, but also at other times) indicated
that it was not receiving a sufficiently strong signal from the probe, but this
did not seem to alfect the accuracy of the readings. The cabin heaters were
switched off most of the time; they seemed to reduce the field by 20-40 nT.
Erratic resulis appeared for a few readings over the strongly magnetized
hill Skalafell on Hellisheldl (in the easternmost flight lineg], indicating that
the meter s not suitable for measuring during transit through steep
 gradients in the field.

Batteries in the meter were changed once or twice in each flight
without loss of data. In our last flight it had been inlended to survey some
E-W lines over Pingeylarsyslur, but this plan was abandoned because of a
malfunection in the magnetometer backup balteries.

Flight plan

Frrxaflit

We set up 21 survey lines (numbered 101-121) in the Faxaflol area,
plus a short line over Myrar, The south end of the lines was always at
53%45° N, the north end at 64°45°N. Atlempts to go farther north on the
most westerly lines, in order to connect to previous marine measurements,
were unsuceessiul, ef, below. The difference in longitude between cnds of

the same line was 1°45°, corresponding to a heading of -37°. This angle

22



was chosen from a consideration of previous measurements in the arca
(Kristjansson 1978). The difference in longitudes between adjacent lines
was 5. and the distance between them was accordingly about 4 km along
latitude circles, 3.2 km at right angles to the lines,

Hanafléi, NE-leeland and other lines

In the Hinafol area of western N-Teeland, ten lines of different
lengths were flown, to fill a gap between Sigurgeirsson’s measurements and
those of the 1973-74 "Project Magnet” survey. The longitude difference
was again 5°, the longitude change between line ends being twice the
latitude change in erder that the lines should be approximately parallel to
those of Slgurgeirsson.

In Pingeyjarsyslur (where Sigurgeirsson’s equipment had not been
funectioning properly} the longitude difference was 5 as before. The profile
ends were at 65°30° and 66°15°. Longitude change along each line was 30°.
Ten lines were flown.

Some data was ohtained in transit, and a lew lines were flown
expressly to fill small gaps in Sigurgeirsson’s coverage.

Correctlons for temporal fleld varlations

During the flights, proton magnetometers In Lelrvogur recorded the
ficld at 2-minute intervals instead of the usual 10-minute Intervals. This was
partly done through resetting the V-75 meter In Lelrvogur, partly [1985)
with a portable Barringer meter. In our Hunafléi survey the field was also
measured at the Gidgur airstrip. The variations were relatively minor, < 100
nT. The acromagnetle measurements were referved to a late- 1967 mean
field during processing, by subtraction of the increase in F from 1967 to
1985 or 1986,

Positioning
A programmable Loran-C receiver of type JRC JNA-760 with RS-232

output provided latitude and longitude readings at 4-see intervals (whole
multiples of 4). These were fed to a Sharp 5000 personal computer using
software specially developed by us. This computer operates on a battery
E;:IH]‘JI}I' and has a magnetic bubble memory which could store about 4 hours
ol data.

The receiver turned out to be our biggest problem in the survey
flights. Firstly, it could not keep up with the speed of the aircraft, and this
was manifested in three ways  a) usually, every fourth or fifth reading was a
repetition of the previous one, but more complex transfer situations also
oceurred  b) after smoothing of this “stop-go” output by an algorithm
developed by us, a fixed delay of about 28 seconds remained between the
position as recorded and the actual position at that actual time. The
magnitude of the delay was found by noting the time we passed over several
landmarks such as roads or coastlines, and it is believed to be correct
wilhin a couple of seconds. This delay Is the chiefl reason for the Might lines
(Figs. 4 to 6) not being entirely straight, as the pilot was unable to correct
the heading instantaneously il oceasioned by the effects of crosswinds or
other drift — ¢) in case of disturbances [see below) the receiver took a
variable time [up to several minutes) (o Jock in again; a parameter in the
output which was supposed lo indicate its stalus, was in [act nol quite
reliable and sometimes all readings were systemalically off by miles.
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Secondly, the receiver frequently lost track of the position in the
Faxaflai area. This seemed especially to occur when tuming at the south
ends of the lines, and we suspect that military transmitters near Grindavik
may be implicated. It also occurred in the vicinity of the Sandur
transmitter, possibly because iis signal swamped that of other Loran
stations, or because the receiver could not obtain a stable solution for the
position coordinates. (The fact that we are in the near field of the Sandur
transmitter and at some distance above sea level, did on the other hand no
seem Lo affect the accuracy of the position outpul, for example in the form
of a cross-track error, when the recelver was functioning properly).

For this reason, several line parts in Faxaflol had to be resurveyed, and
gaps remain n some of the lines. There was no point in surveying beyond
the SW tip of the Reykjanes peninsula, as we then did not have the
possibility of checking the validity of our Loran positioning by visual
observations.

Survey times and parameters

After a test flight on 20 Aug 1985, lines over the eastern part of the
Faxaflol area were flown on 26 Aug, 2 Sep and 6 Sep. In 1986, the Faxallai
arca was completed, mostly in flights 30 June (rather unsuccessfully), 1
July and 3 July. Honafléi and a couple of line segments in Faxaflol were
covered on 16 July, and most of Bingeyjarsyslur on 22 July (with also some
extra lines in N-Teeland). The last flight, over eastern bingeyjarsyslur, was
on 25 July. Segments of the same line (in Faxafldl) were numbered AB.C as
NeCessary.

Altitude was generally 3000-3200 feet, but occasionally higher or
lower due to cloud conditions. We tried to maintain an air speed of 120
knots in the first flight or two, but this was too slow for the aireraft (causing
soot bulldup in the engines), so a speed of 140-150 knots, or about 270
Ikm/h, was adopted.

Computer programs and data format

Each flight line was defined in a "Lykilskra” (Key list) which stated its
number, the paris llown, dates, and the beginning and end times of each
part (sce Sverrisson and Kristjansson 1987). The general flight direction
and a clock correction was also included. Two data bases were generaled,
one containing the magnetic readings from the Geometrics meter, and the
other containing a reference flield. No gaps or nolse occurs within these
data sets, but sometimes we interpolated across short noisy segments.
- Compuler programs, written by us In Turbo-Paseal for personal computers,
set up the data bases, plotted individual line parts, and made varlous
corrections to the measurements, The corrected data lists (with fields
rounded off to the nearest nT) were transmitted to the VAX compuler of
the University Computing Service for drafting profile maps for the 1985-88
surveys. These are included (with the omission of a few transverse line
pieces) as Figs. 4 to 6 of the present report. Later. the lists were
transferred to the MicroVAX computer of the Scienece Institute for further
processing and color plotting as described elsewhere in this report.
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THE MAGNETIC ANOMALIES; PROCESSING AND INTERPRETATION

The correction for regional flicld which we used seems to have been
reasonably successiul In that the mean anomaly value for all the
aeromagnetic measurcments (1968-80 and 1985-86) was less than 20 nT.
The r.m.s. value of the residual field in the same data set was over 400 nT
(Fig. 3 of Jonsson et al. 1984). The main recognizable (> 400 nT, say)
features of the ficld anomalies are: a) lineations of up to a few tens of km
in width and over 100 km in length, and b) local anomalies typically of 10
km. The former are discussed by Jonsson et al. (1989). Below, we present
a general discussion of the anomalous field. and a deseription of the major
local anomalies seen In our onshore results.

Geological aspects

The lava pile and its magnetic properties

The major parl of leeland is carved oul of Upper Terliary to Lower
Cuaternary flood basallts, by erosional activity in the Upper Quaternary.
The lavas have been tilted by subsidence, broadly speaking towards the

current volcanic zone, The amount of this general tilt 1s often only 2-4°, as
in paris of the NW-peninsula, the Skagaljirdur disirict, and the younger
Tertiary parts of E-lceland, but in the Eastern fjords it may reach 6 - 10°
at sca level, Various local irregularilies ocour, for instance in the vall
south of Hanaflol and east of Eyjafjirdur, where local dips may exceed 207,

In areas where the lava pile is relatively flat-lying, it should not be
expected to contribute much signal to the magnetic anomaly field.
Landscape effects, both from valleys, individual mountains, and plateau
scarps, are observed occaslonally. In the NW-peninsula for example, the
fjords Migifjirdur and Isafjérdur (with Langidalur) seem to generate
negative anomalies, in agreement with the predominantly normal polarity
of the lavas in the intervening mountains. Other examples will be gliven in
the lollowing section.

Extensive measurements on samples [rom the lava pile
(Kristjansson 18984) indicate that its primary remanence intensity is of
the order of 3-4 A/m, and its Induced magnetization is of the order of 1
Afm. The major magnetic contrasts in the lava pile are assumed (o be
zones of alternating polarity of primary remanence. These are of variable
thickness, averaging some 200 m, but oceasionally a sequence of
essentially uniform polarity may reach around 1 km in thickness.
Correlations of such polarity zones with [eatures of the anomaly field are
most ]ﬂlﬂﬁl‘].]r' seen along the regions of active volecanism (Jonsson et al.
189&88).

The anomaly lineations appear to fade with age. and various
processes may play a part in this fading. One such process is extensive
faulting of the strata. Two or three faull systems are often recorded, with
throws generally only of a few tens of m but these may be cumualative down
dip, and occasionally faults of 100 m throw are seen, No enshore dip-slip
[ault in Iceland has been identified as the source of an aeromagnetic
anomaly, but a major scarp-type anomaly occurs near the shelfl edge off
the 5- and SE- coasts. The magnetic signatures of the transverse fault
systems off NE-Iceland are discussed by Jinsson et al. (1989),
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The procedure of downward continuation, commonly applied to
aeromagnetic data, does not seem to be appropriate for the present set of
resulls. This procedure assumes horlzontal or vertical magnetization
contrasts, but in Iceland inclined magnetization contrasts in the source
may be expected to dominate. The various Imperfections of our primary
data also place serious limits on the possibilities for their high-pass
enhancement.

Another consequence of the presence of tilting boundaries is the
weakening of correlation between the sign of the anomaly and the
magnelic polarity of the underlying basement surface. The anomaly maps
therefore will only give a rough indication of the magnetization of the
basement. Furthermore, the signal from thin polarity zones in the lava pile
will be greatly attenuated (see discussion by Kristjansson and Helgason
1988),

Local variations

Geothermal alteration on a reglonal scale commonly causes a decay
of the primary remanence with depth in the lava plle (Kristjansson 1984,
Fig. 4; Wood and Gibson 1976) as well as a change in other magnetic
properties.

A major type of inhomogeneity in the upper crust is caused by the
presence of individual voleanic centers of 5-10 km extent, The centers
Irequently cause magnetic anomalies of similar size and 500 - 1000 nT
amplitude, either regular or irregular: these are the subject of the
following chapter. The anomalies are most often of normal polarity and
coinecide with anomalies in the gravity field or in crustal structure as
found by refraction selsmic measurements. Their source may reside in
gabbrole intrusions, in shect swarms, or even partly in acid and
intermediate rocks. More detailed geological and geophysical studles of
these centers are required.

The voleanie centers are also characterized by dike swarms, which
run through them approximately parallel to the general rifting trend.
HMowever, the dikes appear to be of lower primary remenence Intensity
than the lavas and are yet to be definitely associated with any magnetle
lincations In the Tertary of Iceland (Kristjansson 1985). In the Reykjanes
peninsula, a good correspondence between individual active NE-trending
(en echelon) fissure swarms and peaks in the positive Brunhes anomaly
has been noted (Jonsson et al, 1989), but the precise nature of the rocks
causing these anomaly peaks s unknown.

Yet another factor in shaping the magnetic anomaly field of Ieeland
is the shifting about of voleanic zones which has oceurred. Thus, an
extinel voleanie zone is believed to run through parts of W-leeland where
there are lava series tilting away from the present voleaniec zone, and
major unconformities. Voleanism may also oceur in off-rift areas or on
ransverse trends, as in the Snaefellsnes peninsula.

The thickness of magnetic crust in the oceans was in the early
1970°s believed to be 500 m or less, but in lecland it has long been clear
that the thickness of the layer of polential magnetic contrasts is much
greater. Magnetic susceptibility measurements on material recovered by
decp drilling in Teeland show little reduction even at 2 km or more below
sea level. In the vielnity of voleanic centers and dike swarms, secondary
magnetite with strong magnetization may be present (Hall 1982).
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The Quaternaryy

The Quaternary climates caused major changes taking place in the
nature of the voleanism In leeland. Due to ice or lake cover, extensive lava
sequences were no longer formed, but the products of each voleanic vent
tended to accumulate close to the vent instead of running long distances
away from it. These products were now predominantly palagonite clasties,
breccias and pillows, The pillows tend to be highly magnetic (~10 A/m)
and many local volcances of the Quaternary period have distinct magnetic
signatures (see the scction on localized anomalies, below) whereas
clastics and brecclas are relatively non-magnetie.

Ground clearance

The nominal altitude of the aircralt during various parts of the
Iceland surveys has already been given. It should be kept in mind that the
actual flight altitude may have varied with local atmospheric conditions,
Also, the aircrall often had to ascend when encountering high mountains,
Roughly speaking, the average ground altitude 1s highest in the middle of
the island: see Fig, 41 of Arnason (1976). Relatively high and rugged
landscape also occurs in the Snaefellsnes peninsula, in parts of the NW-
peninsula, in eentral N-lceland and in the eastern fjords. The ground (or
basement) ¢learance is therefore very variable, which must be kept in
mind during any attempts of detailed Interpretation of the data.

Other processing conslderations for the magnetic maps

The most gealogically interesting feature of the magnetic maps
appear Lo be the linear trends. These trends can give information on
present or old spreading axes (including their continuation to the shelf),
connections with the submarine ridge systems, and ages. It should be
noted that although the trend in leeland may be expected to have a
gencral NE to N direction, il is quile variable and is for instance in the
NW-peninsula changing from ENE to N as one [ollows it to the north.

The flight lines sometimes make a rather small angle with the
trend, e.g.. in the area north of lake Myvatn. For this and various other
reasons (Nunns et al, 1983; Sverrisson and Kristjansson 1987) it seems
evident thai nol much can be done in correlating anomalies that are less
than 5 km in size, between profiles. Most of these short-wavelength
anomalics do not in fact helong to lineatlons, but to individual volcanoes
(see below).

Similarly, not much significance can be attached to very long
wavelength anomalles. These could be spurlous due to, e.g., incomplete
correction for the secular variation [especially at-large distances from
Leirvogur), errors in the "reglonal field" polynomial, effects from the
vehicle on the probe, ete, If needed, special long profiles could be flown
in one day, say across Iceland rom north to south and easl to wesl: an
E-W elongated anomaly of the order of 8 nT in amplitude may be seen in
Magsat data over Ieeland (R.S. Carmichael, pers. comm, 1986) and it
would be interesting to look for it in aireralt data.

Local anomalies of miscellaneons origin

The main features of the recognizable magnetic lineation pattern,
most of which may be explained by crustal accretion and tectonic activity,
are discussed in the paper by Jonsson et al. (1989) and will not be dealt
with in detail here, Besides this patlern, numerous local anomalies are a
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prominent feature of the magnetic field over leeland. With careful study
of the color map In conjunctlon with large scale magnetic prolile maps we
have indicated 82 local anomalies, seen on one to a few flight lines, and
mapped them in Figure 13. The selection of these anomalies is far from
being complete and may be somewhat arbitrary, in our search for
“interesting” or "unexpected” ones. In areas of high topographic relief i
is dillleult Lo determine whether an anomaly is topographic only, or as is
probably more often the case, a mixture of topographic and petromagnetic
clfects,  TFollowing is a listing of these anomalies with some descriptions
amd preliminary interpretations,

The spreading zone in North Teeland

In the central positive anomaly in North Ieeland at least five distinet
negalive anomalies are detected. Two of these are probably due to
hydrothermal effects, Askja (#60) and Krafla (#45) which are both active
voleanoes with known ealderas and magma chambers, The other three
negative anomalies which are all related to table mountains, are at
Bajarfjall (#46, could possibly be a thermal effcct in the Peistareykir
hydrothermal center), Herdubreid (#59, a minor one) and Blaflall (#44).
Thermal demagnetization is very unlikely, al least in the two last ones;
even though the shape of the mountains Is the most appealing cause of
these anomalies it cannol been ruled out that they are rom the time of
reverse geomagnetic lield, especially when we recognize that other
mouniains of similar shape (e.g. Barfell east of lake Myvatn) do not give
similar anomalies. Just wesl of ML Bliljall, in the negative ficld expected
o be due (o Matuyama aceretion, there is another table mountain,
Sellandafjall [(#43) with posilive anomaly - possibly Irom a normal epoch
or event. The lava shield Trélladyngja (#61) at the western border of the
Brunhes epoch (0 - 0.7 My] anomaly causes a posltive peak high above its
surroundings.

Vainajakull

The field is irregular with relatively long-wave anomalies of both
polarities, probably reflecting different stages of metamorphism and
temperature. A magnetic high (#73) is related to the Kverki{joll voleanic
center; south-west of it, on the line connecting Kverkf]dll and Grimsviitn
(soath of the southern Kverkfjdll caldera (Mirarinsson et al. 1973) whose
eastern rim has been referred to as Bradarbunga) there is a major positive
anomaly (#74) In an area covercd by thick glacler and not exhibiting any
cvoleanic activity, The Bardarbunga ice- filled seismically active caldera is
represented on the magnetic map with a relatively normal field encircled
by a strong posltive anomaly (#75). Radio echo sounding [Bl&rmsson
1988) has revealed the subglacial caldera rim which has similar shape as
the anomaly, but upon closer inspection the southern rim of the magnetic
anomaly lies farther south than the topographic rim. The western and
northern rim of the anomaly could however be directly related Lo the
topography. A kind of negative E-W "barrier” south of the Bardarbunga
magnetic high (#76) extending from Mt. Hamarinn to the Grimsviin
valeanic center s clearly related to the seismic activily there (Einarsson
189849) and to the Skaftarkatlar high crustal heat flow (Bjirnsson 1988).
Another barrier close to Palsfjall (#77) may be of similar origin.  Over the
Oraefajékull voleano, the highest mountain in Iceland, there is a positive
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anomaly (#72) in whose center there Is a minor depression, probably of
thermal origin.

The south-eastern voleanic zone

The area of relatively strong positive field anomaly, related to the
castern voleanic zone (see accompanying magnetic map) is abruptly
terminated in the south-west by a negative anomaly (#79) al Torlajokull
silleie center, which we expect to be of similar origin as the "barrlers” in
West Vatnajokull, The very active subglacial Katla veleano creales a deep
magnetic depression (#80) in an otherwise positive field whereas the
stratovolcano Eyjafjallajdkull, which has had a relatively low level of
activity in the Brunhes chron, generates a positive anomaly (#81). A small
positive anomaly (#82) occurs near the extinet Tindafjéll volcanic center.

The south-western voleanic zone

The magnetic field in Reykjanes peninsula is represented by several
highs arranged “en échelon" from the south west tip of the peninsula to
the Hellisheidi plateau [on which anomaly #5 lies). Five of these are
indicated on the local anomaly map and at least the westernmost of these
coincide with fissure swarms recorded by Jakobsson et al. (1978, Fig. 4).
In the northern part of this area we see two tablemountain-related
anomalies, a negative anomaly (#10) over Skridan and a positive one over
HIGOulell (#11). Over the Skjaldbreldur lava shield there is a broad
positive anomaly (#12, and Fig. 12) as is the case in the similar shield
Trilladyngja in central leeland [ef. above).

The Snacfellsnes volcanic zone

A sharp positive anomaly accompanicd by a minor negative one, is
seen over the glaciated summit of Snefellsjokull (#189), Farther east
there is a minor positive anomaly (#20) close Lo Stalnsfell. Two anomalics
are noted at the northern coast of the peninsula; a positive one (#21)
related to the Sctberg central volcano which was active 6-8 M.y. ago
(Sigurdsson 1966; Johannesson 1982). A negative anomaly (#22),
elongated northwest-southeast, is centered on the silicic voleanism at
Drapuhlidarfjall (Jéohannesson 1982).

Pre-Brunhes arcas in East Ieeland
In this area several anomalies of Fig, 13 are listed and, where
possible, connected with particular geological formations:

#54 Positive anomaly at Fremri Grimsstadantpur, made of
"Hyaloclastite and tuffaceous sediment, Pleistocene, younger
than 0.7 M.y." (Smmundsson 1977).

#i55 LElongated positive anomaly over Madruvallafjallgardur eystri,
continued by Prihyrningsfjallgardur which is composed of
basaltic hyaloclastite and/or basalt pillow ridges (Helgason
1987).

#56 Positive anomaly at Anavatnsalda.

158 Minor positive anomaly over Hafrphvammar. This is presumably
a topographic ellecl where a gorge is cut through strata with
reverse polarity.

#49 Positive anomaly over Heljardalsjéll.

#48 Negative anomaly over Heljardalsfjoll.

#47  Small negative anomaly just oll the coastal mountain
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Gunnélfsvikurfjall which itsell produces a positive anomaly.
Seems 1o be an example of lopographic elfects.

#50, 51 and 52, anomalies over Yiri and Sydr Hagéngar (negative)
and Kistufell [positive), respectively., These oceur in late
Tertlary and/or Pleistocene hyaloclastite formations close to
Vopnafjdrdur [Ssemundsson 1977).

#53 Positve anomaly over Kollumali (Vopnafjdrdur).

#57 A small negative anomaly at Kistufell, 2-3 km east of the acid
intrusions of the Pingmuli central voleano (Carmichael 1964).

#62  Pidgfahnjukar. negative anomaly [no distinet anomaly seen over
MiL. Snaefell which according to Traustl Einarsson (1971) is
made up of normally magnetized rocks).

South-east of Vatnajohudl
Two almost parallel chains of anomalies are recognized in this area,
one extending from Oraefajdkull toward the northeast, along the
mountainous edge of the glacier. Some of the anomalies eoincide with
Ssemundsson’s "Tertlary central voleanoes” and "late gabbro and /or
granophyre intrusions” [Samundsson 1979, Fig, 18] but his chain of
"active or dormant stratoveleanoes” ranging from Orecfajékull towards
NMNW is not apparent.
The first chain consists of:
#66 and #67 Posidve anomalies over the Lambatunga glacier.
#G8 Positive anomaly in relation to Hollellsfjall,
#69 Negative anomaly over Vidbordsijall.
#70 Positive anomaly over Skilatellsjdkull.
#71 Posilive anomaly over Prestiell.
The second chain consists of three positive coastal anomalies:
#G63  Positive anomaly over Austurhorn.
#6564  Positive anomaly over the coast between Austurhorn and
Vesturhorn.
#63 Positive anomaly over Vesturhorn.

Pre- Brunhes anomalles in Southwest and West feeland
Several anomalies of Fig, 13 are situated west of the ceniral

magnetic high referred Lo as Brunhes formation:

#7  Large positive anomaly , found over the eroded Stardalur volcanic
cenier which is of Olduval or Reunion event age, i.e. about 2 M. v.
old [Fridleitsson and Kristjansson 1972; Kristjansson et al. 1980).

 #8  Positive anomaly over Botnssalur mountalns.

#9  Positive anomaly over the glacier cap barisjékull,

#13 Positive anomaly over Ok, an old shield voleano.

#14  Negative anomaly over Huasalell which is known to have been
active in late Gauss, starting at the Kaena event, up to the
lower Matuyama [Saemundsson and Noll 1974). The presence of a
negative anomaly indicates significant intrusive activity during
reverse geomagnetic polarity, probably towards the end of the life
span of this central voleano.

#15 Positive anomaly over Hvalljdrdur, where a ceniral voleano is
recognized (but not yet mapped in detail) at Ferstikla,

#16 Negatlve anomaly over Skardsheldl.

#17  Positive anomaly at Hvanneyri [over flat larmland) whose
source is possibly to be found below a major unconformity.
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Additional aeromagnetic profiles were flown here by

Sigurgeirsson [see Flg. 13).

#18 Negative anomaly over Reykjavik, (including the Leirvogur
magnetic observatory) related to the Matuyama-age volcano in the

Sund to Kjalames area.

#23 Owver the central of Klofninpgur-massil close to Skeggouxl there

is a broad negative anomaly of unknown origin just west of a

minor positive anomaly (not indicated on the anomaly map)

clearly relaled to the Smlingsdalur silicie center.
#24 Negative anomaly at Holsfjall.
#25 Positive anomaly at Breldakinnarsandur.

Within the magnetic low over the Olfus area which is presumably
from Matuyama, there is a minor positive anomaly (#6) related to Mt
ingolfsfjall. This is in agreement with the mapping of Kristjansson et al.
(1988] which indicated that the uppermost part of Ingélfsfjall is of
Brunhes age, lying on top of rocks of Matuyama age.

Northern and central Iceland

The western part of Tréllaskagi is of Anomaly 5 age and is
represented by a fairly strong positve field which extends inlo the sea to
the north, Onshore peaks in this high include anomalies #38, #39 and
probably #40, all of which are definitely reshaped by topography. Two
negative anomalies are recorded in this area:

#37 Ennishnikur, negative anomaly.

#41 Nepgalive anomaly at Eyjafjardarkerling. Ils shape seems to
mirror the high topography around the southemn part of the
Glerdardalur valley, which indicates that the Eyjafjarfarkerliing
volecanism oceurred in a period of reverse geomagnetic field.

Other anomalles in central northern leeland:

#42 Positive anomaly over Skjdnafell (close to Mjadmardalur).

#35 Positive anomaly over Hraunpafumali.

#34 Negative anomaly over the northern border of the Hofsjdkull
Elacier.

#78 Large positive anomaly over Arnarfell hid mikla,

#32 Positive anomaly over Hundadalir which coincides with a silicic
center mapped by Piper (1973) in Bjéladalafjall.

#33 Broad negative anomaly over Alfgeirstungur,

#36 Positive anomaly in the area between Skagaljirdur valleys and
Hunafléi valleys, south-west of Goddalir (at Haheidi).

#31 Positive anomaly at Sandfell.

#30 Negative anomaly over the village at Skagastrénd (accompanied
by a minor positive one NW of it).

#29  Positive anomaly at Grimstunguheidi.

#28 Positive anomaly at Nupsdalar.

#27 Positive anomaly over Vamsnesfjall close to the village
Hvammstangi,

#26 Positive anomaly over Hralafjirdur close to the thermal area of
Reykir, i.e. within the Prestbakki central voleano.
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provided the map base and layout for the colored 1: 1,000,000 map. We
are especially grateful to Mr. Apast Gudmundsson, the current Director of
the Survey, lor his interest in this project.

The project was supported financially by the Science Fund of
Iceland (Visindasiéfur) and the Research Fund of the University of
leeland.

S



References

Bragi Armason 1976, Groundwater Systems in Iceland Traced by
Deuterium. Soc. Scl. 1sl. Rit 42, 236 pp.

Helgi Bjtrnsson 1988, Hydrology of Ice Caps in Voleanic Regions. Soc.
Sci. Isl. Rit 45, 130 pp.

I.5.E, Carmichael 1964, The petrology of Thingmuli, a Tertary volcano in
castern Teeland, J, Petrol., 5 435-460.

Pall Einarsson 1989, Earthquakes and present tectonics in Iceland.
Tectonophysics (in press),

Trausti Einarsson 197 1. Magnetic groups in the Fljoisdalsheldl area,
including Gilsa, Jakull 21: 53-58.

Ingvar B. Fridleifsson and Leé Kristjansson 1972. The Stardalur magnetic
anomaly, SW-Iceland. Jikull, 22: 69-78.

J. M, Hall 18982, The Iceland Research Drilling Project crustal sectlion:
variation of magnelic properties with depth in Icelandic-type
oeeanie crust, Can. J. Earth Scl, 22: 85-101.

Jehann Helgason 18987, Geological map of Modradalur, Mid- east Iceland,
1:50,000. Published by the National Energy Authorlty (Hydro Power
Division) and the National Power Company of Teeland,

Syeinn P, Jakobsson, Jon Jonsson and F. Shido 1978. Petrology of the
western Revkjanes peninsula, leeland. J. Petrol., 18: 669-705.

Geirfinnur Jonsson, Led Kristjdnsson and Marteinn Sverrisson 1989,
Magnetic surveys of Ieeland. Tectonophysics (in press).

Haukur Johannesson 1982, Yfirlit um jardfroedi Snmfellsness. (Review of
the geology of Snafellsnes peninsula). Arbék F.I. (Yearbook of
Ieclandle Travel Sociely] 1982: 151-174. (In leelandic).

Led Kristjansson 1976a. Central volcanoes on the western Icelandie shell.
Mar. Geophys. Res, 2: 285-288.

Led Krisijdnsson 1976b. A marine magnetic survey ofl southern Iceland.
Mar. Geophys. Res, 2: 316-325.

Led Kristjansson 1976c. Marine magnetic surveys off the west coast of
Iceland. Soc. Sci. Isl. Grelnar V: 23-42.

Led Kristjansson 1978, Magnetic trends around the Reykjanes peninsula,
SW-Iceland. Report 78-14, Science Institute, University of Ieeland,
11 pp.

Led Kristjinsson 1984, Notes on paleomagnetic sampling in Iceland.
Jakull 34: 67-76.

Led Kristjansson 1985, Magnetic and thermal elfects of dike intrusions in
Ieeland. J. Geophys. Res. 90: 10129-10135. -

Led Kristjinsson 1987, Segulsvidsmeaelingar fra flugvélum og skipum vid
island. In: I Hlutarins E&li, (ed. Porsteinn 1. Sigiasson).
Menningarsjédur, Reykjavik, pp. 209- 225 (in leelandic).

Led Kristjinsson, Ingvar B, Fridleifsson and N.D. Watkins 1880,
Stratigraphy and paleomagnetism of the Esja, Eyrarfjall and Akrafjall
mountains, SW-Teeland. J. Geophys. 47: 31-42,

Led Kristjansson and Johann Helgason 1988. Some properties of basalt
lava sequences and voleanic centers in a plate-boundary
environment. Tn: Early Tertiary Volcanism and the Opening of the
North Atlantic (ed, A.C. Morton and L.M. Parson), Geol. Soc. Spec.
MFabl. 39: 147-155.

33



Led Kristjansson, Haukur Johannesson, Jon Eiriksson and Andrés 1.
Gudmundsson 1988, Brunhes-Matuyama paleomagnetism in three
lava sections in lceland. Can. J. Earth Sci. 25: 215-225.

AG, Nunns, M. Talwani, G.R. Lorenizen, PR, Vogt, Porbjirm Sigurgeirsson,
Led Kristjansson, H.C. Larsen and D. Voppel 1983. Magnetic
anomalies over Iecland and suwrrounding seas. In: Structure and
Development of the Greenland-Scotland Ridge (ed. M.IHLP. Bott, 5.
Saxov, M. Talwani and J. Thiede). Flenum Publ. Co, pp. 661- 678 and
map.

Gudmundur Palmason 1987, Gildi jarfedlisfraedl i rannsoknum 4
orkulindum landsins. In: [ Hlutarinsg Edll (ed. borsteinn 1. ngl'l'lﬁﬁnn].
Menningarsiofur, Reykjavik, pp. 239- 249 (In leelandic) and map.

J.D.A, Piper 1973, Voleanic history and tectonies of the North Langdlkull
Region, Ceniral leeland. Can, J. Earth Scl. 10:164-179.

P. Richardus and R.K. Adler 1972, Map Projections. Elsevier Publ. Co.,
172 pp.

Kristian Ssemundsson 1977, Geologleal map of Iceland, sheet 7, NE-
Ieeland. Muscum of Natural History and the Iceland Geodetic
SULVEY.

Kristjin Seemundsson 1979, Outline of the geology of Iceland. Jikull 29:
7-28.

Kristjin Semundsson and H. Noll 1974, K/Ar ages of rocks from
Husafell, Western Ieeland, and the development of the Hasafell
central Voleano., Jékull 24: 40-58.

borsteinn Semundsson 1988, Leirvogur magnetic results 1987, Report
RH-19-88, Science Institute, University of Iceland, 96 pp.

Haraldur Sigurfisson 1966. Geology of the Setberg Area, Snafellsnes,
Western Iceland, Soc. Sci, Isl. Grelnar IV,2: 53-125.

Porbjém Sigurgeirsson 1870a. Aeromagnetic survey of SW lceland.
Science in Ieeland 2: 13-20.

Forbjfrn Slgurgeirsson 1970b-1985. Aeromagnetic profile maps of
Ieeland in scale 1: 250,000, Map sheets 1 through 9. Science
Institute, University of leeland.

Marteinn Sverrisson and Led Kristjansson 1987: Flugsegulmeelingar
Raunvisindastolnunar Haskolans 1985-88, In: Edlisfreedi 4 Islandi 1L
Edlisfreedifélap Islands, Reykjavik, pp. 69- 78 (in lcelandic).

Gunnar Poerbergsson 1974, Iceland marine gravily survey (1972). Geodetic
surveys for positioning of Raydist land stations. National Energy
Authority Report (unpaginated).

Sigurbur bérarinsson, Kristjan Semundsson and R.S. Willlams, jr. 1973,
ERTS-1 Image of Vatnajihkull: Analysis of glaciological, structural,
and volcanic features. Jdkull 23: 7-17.

P.R. Vogt, G.L. Johnson and Led Kristjansson 1980. Morphology and
magnetic anomalies north of Ieeland. J. Geophys. 47: 67-80.

A Wood and 1L, Gibson 1976, The relationship between depth of burial
and mean intensity of magnetization for basalt from eastern Ieeland,
Geophys. J. R. Astr, Soc. 46: 497-4898.

34



Appendix 1

Fortran (I77) programs to convert between the Lambert conical

projection used for the magnetic maps and global polar coordinates.

3

ad

progcam lambert

character®l ival,swvar

real L

write(®, " (/S0

write{*,*) " This program converts a Lwoe dimensional poslilon from!
weibe {(*, *]1' glohal polar coordinates bo the Lambert conical cecrdinates!
weite (¥, *]* used by the Iceland Geodeblc Survey - and raverse.'
write (¥, %) " (Long,Lat) is measured in degrees East of Greenwlich®
write(*, *}* (negative around Iceland) and north ef the Equator.'
write(*, *}' (%,y) is measured in kilometers {on a map in the scale’
writo(®,#)" 1:1) from a definite point in the approsimate center !
write(*,*)' of Iceland (=-19.022125,65.000000), = increasing Lowards!
write(®,*)" >WEST< and y towards north.’

write(*,*)""
write (*, %"
write(*, %" I

write(*, "' | ¥

write(*,*)" [

wedte (*, %) Lt o e

wedllLo ¥, 4} ¥

WElte (*, %" "

Wwrite (¥, )"

write(*,*]' Choose one of Lollowing:'

write{*,*}"' 1} (Long,Lat) in degrees and decimal fraction -> (x.¥) o
Wwrite (%, %) " 2} (Long,Lat) in degrees and minubtes (&fract) -= (x.y) ¢
wrikbe(®,*)" 3y (®H.y) in Eilomoters => (Long,Lat) '
wrike(*, %) ! 7] previoons introductlion’

wrike (=, *)!" 8} stop.®

wrike(*,'(a,51")' Typs 1 -3 !

read(*, ' al 'l lwval

write (#,8)'?

if{ival.eq."'s") stop

iffival.og.'?') gobo &

1€ {dval . eq.'3") then
write(*, "(a,$)")'  {x,y) !
read(*,* err = 31) ¥
Subronting assumes ¥,y to ba in meters,
o= x*1O00.
100
call lambinv {x,v,1,b)
write (¥, *) ‘Longitude, Latitude ', 1.D
oo bo 3
ondi £

if(ival.eg.'2') then

weike(*, ' (a,51")" Longitude (deg,min) 25

readi*, =, arr = 22) al.a?

iffal.ge.0.) then
write{*, '{a,5) '] 'Do you really mean a polnt cast of Greenwich? y/n !
read(®, " {a)') svar
if{svar.ne,'y') goto 22
endi f

1F {al*az.1t.0.) Lhen
write (®, *) "degrees and minutes muest bave same sign, redo: !
qoto 23
cncif

35



24

12

+]

(- T T ST I o O v B o B

1 = al + az/cl,
weite (¥, "{a,5)")' Latitude (deg,min} L
read{*, %, arr = 23) al.a?
b = al + az/fel.
goto A0
endl £
if{ival.eq.'1l') then
weite{*, "{a,5171"  Longltude, Latitude e
read {4 * arr = 12) 1.,b
goto 40
endif

call lambrt {l,5,%, ¥

¥ o= /1000,

y = /1000,

write{*,*)'s, v = (km) : ".xK.¥
goto 3

end

subrontine lambrt (L, B, X, ¥}
and subroutine lambiov (s, ¥, 1.b)

B palr of programs to transfer between polar coordinates (lambda,bhela)
and the Lambert map projection (x,y) as used by the Iceland
Geodetic Survey. The touch-point of the cone [(x,y)=1(0,0)]
fs set at {=1%.022125 deg cast (i.e. west), ©5.0000 north].

1. & B Longltude, positive towards ¢ast (1.e. always <ldeg around
Icalandl and Latitude, positive towards north. Degrees.

X&ey A coordinate point on the projected map in real metercs, l.o.
i.e. meters Lf map is 1:1. Hotlece that ¥ is posibive west-
ward and y is positive northward.

REAL*4 L,B,X,Y,AE,L0,B0,20,CP0,C, RAD, &, FI, 5B, ESB
DATAR A E SE3ITE, 3BERS, (0B199189/

DATAR TO,BD  f-19,022125, 65./

DATAR BAD S .01T7453292 )

CEO=5IH (RAD*BO)

SEO=C008 (RAD*ED)

NO=AS0RT (1. = (E*CPQ) **2)

Z0=N0*SPOSCED

CIyrri = Z0*{{1.+CP0)/(1.-CFD)]}** (CPO/2.})
Coecinnl = {(1.=B*CEQ) S{1.+E=CPO}}** (E*CPO/2.)
C = Clyrri*Caeinni

SB=SIH (RAD*R)

ESE=E*SDR

zl = ({1l.— 5B)S{1.+ S5B))==({CB0*.5]
=2 = ({1.4+E5B) F{1l,-ESR) 1 ** (CPOYEY* . 5]
2 = Chglug?

FI=RAD* (L=10) *CFD
H=(=1.*Z*SIN(F1)) /100,
Y (Z0-Z*COS(ET) ) /100,
RETURK

EXND
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subroutina lambinv (xin,yin,l,b)

real 1,10
data pl,rad J 3.14133285, LO1TARREGES
data a,a S OBRAIA, 3pAeS, (OBL93189 f

data L0,B0 F-19, 022125, 65,/
% o= =L00.*xin
o= L00.*yin
cpil==in(rad*bi)
spl=cos (rad*bd)
z0 = a/fsqet{l.-(a*cpl) **2) *spl/cpl
ceyrel = z0% {(1.4cp0)/ (1. —cpl) ) ** (cpl/Z.)
eseinnl = [ (l.-e*cpl)/(1.+e*cp0))** {a*cplsf2.)
¢ = ¢fyrri*eseinni
fi=atan{x/ (z0-y] ]
1=Fi/ {zad*cpl)+L0
znsqrt[[zﬂ-g}“ﬁix**zh
dp=(z/cl = (2. /cpl)
cp=sln(rad*bl}
10 cpl=cp
ol SRR By E]
f={{1.=ecp) s {1, tecpll**a
Ldp=Ff4dp
cp={1.—fdp) /{1, +Edp)
if {aba{cp-cpl) .gt.1l.e-5} goto 10
b=aktan {cpsfaget (L.=cp** 2]} Jrad
Faturn
ondd

Appendix Z

To construct a reference map of the regional field over and around
Iceland, Sigurgeirsson used aeromagnetic data from the Dominion
Observatory of Canada survey which was carried out over the leeland area
in 1965 (Fig 4 in Sigurgeirsson 1970a). To digitize this field we derived
a third degree polynomial to fit the tabulated values at intersections of
longitude and latitude clrcles:

F=(51532 + 15868 - 13.0B2 - 3,18 - 69_1L + 2.80L2 + 0.04201° - 7.10BL
+ 116121 - L.6BBL? } nT.

where B is latitude north of 5° N and L is longitude cast of -18° W
[positive towards east), both in degrees.

This formula agrees with all field values given in the figure within 3
nT or less. Sigurgeirsson (1970a) however poinis out that two
corrections remain to be applied to the regional field., Firstly, it should be
reduced by 20 nT to bring it from the sea level to 1 km altitude,
Secondly, it should be Increased by 60 nT to allow for magnetic variations
between the tme of the Dominion Observatory survey and late 1967, This
has not yet been done in the programs. There are some (<100 nT]
differences between the above regional field and the 1967 IRGF over the
land area of leeland. The IRGF has nol been used in our reductions.

37



Appendix 3
A Gaussian low pass filter is defined:

% :I,.l’g:lcﬂ.;:r2

hix) = @

x = 0 being the center of the filter. We determine its width in terms of g

and want to relate it to the general half power length (Ap) of the filter.
The Nilter and ils Fourler transform are shown helow:

X

L33 2 fplc?g?
hix] = € Hi=€ (k = 27 /4)

The shaded area of H{k) represents |H(k) 12 > 1/2, i.e., the low pass
width of hix) and from there we determine o in terms of Ap :

JIn?2

% E o

We parameterise the spatial dimensions in “point spacings” (x = ny*Ax)
and "half power point spacings” (Ap = np*Ax). The window to be used is

defined:
Aan® (L jz
Zln2\ 10
hin)= € by

Diecause this filter is parameterized in point spacings it is notl quile
uniform in space, as the speed of the survey vehicles was variable.
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Figure captions

Figure 1,

Figure 2.

Figure 3.

Fipgure 4.

Figure 5.
Figure 6.

Figure 7.

Figure 8.

Figure 3.

Coverage of @ map sheets In scale 1:250,000 published by
the Iceland Geodetie Survey: these were also used as a base
for Sipurgeirsson’s aeromagnetic maps. The Lambert
coordinate system (X and Y axes emerging from the center)
is also shown.

Coverage of magnetic data collected by the Science
Institute of the University of leeland.

Acromagnetic data collected by Sigurgeirsson in 1968-72,
Aeromagnetic data collected by Sigurgelrsson in 1972-80.
Aeromagnetic data collected by Kristjansson and Sverrisson
in 1985-86.

All aeromagnetic data and marine magnetic data collected
in 1972-73. Identification numbers for the various areas
covered in the marine survey are showrn.

Index map for the location of the detalled profile maps In
Figs. 4 through 11.

a} Profile map of 1985-86 aeromagnetic surveys at 900 m
altitude in the Faxaflol and Reykjanes area, after correction
and reduction to residual values. A few short transverse
lines are left out. The scale is 1: 500,000, which is
comparable to figures 5 and 6 In Sigurgeirsson (1970a). The
negative field is shown with bars (1 em = 2000 nT)
emerging from the true observation positions. Positive feld
is shown wilth double bar density compared to the negative
field. An artificial acromagnelic circle is shown to indicate
to which side of the lines the positive field is drawn. This
rose diagram applies to Figs. 4 through 9.

b) Southern part of the map of Fig. 4a, in secale 1: 250,000,
¢) Morthern pari of the map of Fig. 4a, in scale 1: 250,000.

Profile map of the 1986 survey in Huanafléi, 1: 250,000,
Profile map of the 1986 survey in NE-leeland. 1: 250.000.
Profile map of filtered residual magnetic field values for the
1973 marine survey of Arca 2, off SE-Teeland, 1: 500,000,
The point spacing of the filtered marine data is twice the
point spacing of the 1985-86 aeromagnetic survey,

Profile map of filtered residual magnetic field values for the
1973 marine survey of Area 3, ofl central S-Iceland.

Profile map of filtered residual magnetic lield values for the
1973 marine survey of Area 4, ofl western S-lceland.
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Figure 10,

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Profile map of filtered residual magnetic field values for the
1972 marine survey of Area 10, off NW-Iceland. A rose
diagram shows the convention for plotting positive and
negative flelds in Flgs. 10 and 11. Flease note that within
lines whose heading passes over the twelve [or six) o'clock
direction on the map, the licld polarity appears to [ip
across the line.

Profile map of filtered residual magnetic field values for the
1972 marine survey of Areas 7 and 9, off W-leceland. Polarily
convention is the same as in Fig. 10,

Previously unpublished contour maps by Porbjém
Sigurgeirsson from surveys ol a) the area around the
agricultural school at Hvanneyri, Borgarfjordur, W-Iceland
(anomaly #17 of Fig. 13) b) the shield voleano Skjaldbreidur
in SW-lceland (anomaly #12 of Fig. 13).

Contour values are in microteslas , and three crossing flight
routes are indicated for cach anomaly. In b), the GO0 and
1000 m altitude contours of Skjaldbreifur are shown as
broken lines, and the positions of two nearby table
mountains are indicated for reference. Map a) is based on
Nights made In Aug. 1969 at 300 m a.s.l., but the date and
the flight altitude for map b) are not known,

Index map of the main locallzed magnetic anomalies in
Iceland. Filled circles: positive anomalies. Open circles:
negative anomalles. Clreles suwrrounded by hatching:
negative anomalies surrounded by strong positive field.

Contour map of magnetic ficld intensity over an arca around
the volcano Surtsey. This map was made by the U.5. Naval
Oceanographic Office, from measurements at 600 m altitude
on 16 Feb 1964, and is reproduced here with their
permission. Flight lines are shown, but it should be kept in
mind that positioning deviees were less accurate then than
now, A larger area was covered at 1800 m altitude on 5 Feb.
1964 ; only a manuscript map of its results is available,
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Note - The scales (1: 250.000, etc.) in Figs. 4a through 11 refer to
the original paper version of this report. They will be different in
printouts, especially because the Figs. were reduced from A3- to

Ad-size sheets prior lo scanning in 2013,
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