ORKUSTOFNUN

GeoScience Division — Reykjavik, Akureyri

Multibeam bathymetry
at Aegir Ridge

Hjalmar Eysteinsson
Peter E. Danielsen







el

ORKUSTOFNUN
GeoScience Division Project no. 8-503-001

Hjdlmar Eysteinsson and Peter E. Danielsen

Multibeam bathymetry
at Aegir Ridge

0S-2003/027 April 2003

ORKUSTOFNUN — GEOSCIENCE DIVISION

Reykjavik: Grensdsvegi 9, 108 Reykjavik — Tel: 569 6000 — Fax: 568 8896
Akureyri: Rangdrvollum, P.O.Box 30, 602 Ak. — Tel: 460 1380 — Fax: 460 1381
E-mail: 0s@os.is — Web site: http: //www.os.is






[ ORKUSTOFNUN
— | GeoScience Division Key page
Report no: Date: Distribution:
0S-2003/027 April 2003 XOpen O Closed to
Report name / Main and subheadings: Number of copies:
Multibeam bathymetry 15
at Aegir Ridge
Number of pages:
16
Authors: Project manager:
Hj4lmar Eysteinsson and Peter E. Danielsen Steinar Thor Gudlaugs-
son

Project number:
8-503-001

Classification of report:
Bathymetry

Abstract:

An improved bathymetric map is presented of the Aegir Ridge, located between
Iceland and Norway. The map is based on multibeam echosounder data acquired in
1990 by Lamont-Doherty Geological Observatory. We processed the data in order
to improve the earlier map made from the data (Junge and Vogt, 1997) which was

based on a reduced data set.

Key words: ISBN-number:
Bathymetry, Aegir ridge, multibeam

Project manager’s signature:

sleny por GeIlospron

Reviewed lgy:
Kar! Gunnarsson




Contents

1 Introduction 5
2 Data Cleaning 5
3 Maps 6
4 Reference 7

List of Figures

1 Shiptrack lines . . . . ... .. .. ... ... . ... ... .. 8
2 Examplesofbaddata. ... ....................... 9
3  Example of bad data at first few beams in each ping. . . . ... . .. 10
4 Exampleofreallybaddata. ... ... ... .............. 11
5  Histograms of distance between beams and pings . . ... ... ... 12
6  Histograms of number of beams and standard deviation in each grid cell 13
7  Bathymetricmap of AegirRidge. . . . .. ... ... ......... 14
8  Bathymetric map of Aegir Ridge superimposed on ETOPO2 bathym.

42 0 15
9  Depth cross sections across the Aegir Ridge . ... .......... 16

List of Plates

1 Bathymetric map of Aegir Ridge

2 Standard deviation of depth values whithin each grid cell in the bathymetry
model

3 Number of beams whithin each grid cell in the bathymetry model
4 Location of evry valid data points used in the bathymetry model

5 Bathymetric map of Aegir Ridge superimposed on the ETOPO2 bathymetry
model



1 Introduction

In 1990 Lamont-Doherty Geological Observatory performed a multibeam survey over
the Aegir Ridge in the Norwegian Sea, between 64°N-69°N and 8°W-0°30’E (see
Figure 1).

Jung and Vogt (1997) published gravity, magnetic and bathymetric maps based on
data from this survey. For their study they used solely data from the centre beam
bathymetry as this resolution was sufficient for the purpose of mapping large scale fea-
tures. For our purposes we need much more detailed bathymetry. The raw multibeam
data was acquired from the National Geophysical Data Center (NGDC) database in
USA. The survey was performed during the months from July to September 1990,
aboard the research vessel Maurice Ewing, for the U.S. Naval Research Laboratory.
Each ping in the data consist of 59 beams. The total track length of the survey is
about 18000 km, and the average vessel speed is around 18 km/hr. The data had
previously been reemerged with corrected navigation.

The data did not contain any information on the sea sound velocity, used to calculate
the depths.

2 Data Cleaning

The first step in data processing is to flag out bad data, which is done by visually
inspecting all all the data and mark all data points which are not consistent with the
neighbouring beams and pings. To do this we used the MB processing package (Caress
& Chayes, http://www.ldeo.columbia.edu/MB-System/MB-System.intro.html). By
looking at the distribution of all the depth values it became clear that data with
depth values less then 1000 meters and greater then 4000 meters are of bad. Those
data are initially flagged out, using the program "mbclean"from the MB processing
package. After that we used the program "mbedit"to edit out manually all obvious
bad beams in the data. Some examples of bad data are shown in Figures 2-4, which
are screenshots from the program "mbedit".

On Figure 2 depth values for each beam are shown as a square, which are connected
by line segments for each ping. The vertical axis is a relative depth scale (deeper is
down), and the horizontal axis is the across track distance. The first beam is to the
left and the last beam is to the right. Figure 2a shows an obvious spike, Figures 2b
and 2c show typical bad data at the outermost beams.

Commonly the first one or two beams in each ping are bad. They tend to waver off
in a downward or upward direction. An example of this is shown in Figure 3. An
example of really bad data segment is shown in Figure 4.

After going through the all the data sets, the following statistic are found:



Number of Beams: 16.358.694
Number of Good Beams: 13.698.978 84%
Number of Zero Beams: 1.990.631 12%

Number of Flagged Beams: 669.085 4%

3 Maps

The first step in gridding the data is to choose appropriate grid spacing. The his-
tograms on figure 5 show that the average distance between beams is about 100
meters and the average distance between pings is around 60 meters. Therefore to
ensure that about 10 datapoints exist at most of the grid cells, it is appropriate to
use a grid spacing of about 250 meters. This is approximately equivalent to 20” in
east-west direction and 8” in north-south direction. The histograms on figure 6 show
the distribution of number of data points for each grid cell, and also the distribution
of standard deviation of the beam values for the grid cells. The mean number of data
points in a grid cell is about 8 and the mean standard deviation is around 7 meters.

The gridding and the plotting of the following maps, are done by using the GMT
(General Mapping Tools) software (Wessel and Smith, 1991; http://gmt.soest.hawaii.edu/).

We use the GMT programs blockmean and surface to grid the data according to the
folowing script:

mblist -R-8,/1/63.8/70 -F-1 -IlistP -OXYZD -MA |

awk '{d=84/100; if(d<0) d=-d; w=1/(1+d); print $1,$2,$3,w}" |
blockmean -R-8/1/63.8/70 -120c/8¢ -Wi |

surface -R-8,/1/63.8/70 -120c/8c -Gaegir.grd -T0.25

As seen in this script we weight the data with the inverse of the distance from the
center beam. The beams closest to the central beam are generally of better quality
than the outer beams, and in some cases we have overlapping tracks where we would
like to give the innermost beams more weight than the outermost beams.

Figure 7 shows a bathymetric map of the Aegir Ridge, whith a light illumination
from south east. The same map is shown on Plate 1 in the scale of 1:1000,000. On
this map we have kept areas blank with data gaps greater than 1 km?.

Plates 2 and 3 show in the same scale the standard deviation and and number of
measured beams in each grid cell, respectively. 60% of all grid cells have standard
deviation less than 10 meters and 90% is less than 20 meters. The areas that show
largest standard deviation are in most cases places with large variation in bathymetry.
Plate 4 shows the data coverage, i.e. a point is plotted for each beam in the data set.

On Plate 5 we show a map using our proccessed data from Aegir ridge superimposed
on the ETOPO2 bathymetry model (http://www.ngdc.noaa.gov/mgg/fliers/01mgg04.html).
All areas with data gaps less than 100 km? are interpolated using the GMT program
"surface". In other areas the ETOPO2 model is used. The ETOPO2 data fits rea-



sonably well with our bathymetry model in most cases. As expected our model shows
much better resolution than the ETOPO2 model. This same map is shown in Figure
8 with a light illumination from south east. Figure 9 shows three different cross sec-
tions across the Aegir Ridge, both from our data (red lines) as well from the ETOPO2
model (green lines).

The 500 km long Aegir Ridge, that really is a valley rather than a ridge, is about 500
meters deep in the north and over 1000 meters deep in the south. It is about 20-30
km in width, and there are high elongated montains on both flanks of the valley.

4 Reference

Jung, W.Y. and P. R. Vogt, 1997: A gravity and magnetic anomaly study of the
extinct Aegir Ridge, Norwegian Sea. Journal of geophysical research, Vol 102, B3, p.
5065-5089.

Wessel, P. and W. H. F. Smith, 1991: Free software helps map and display data, EOS
Trans. AGU, 72, 441.
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Figure 1: Ship track lines of R/S Maurice Ewing during July through September 1990,
across the Aegir Ridge. Solid lines are track lines used in this study. Dash lines are

other ship tracks from the same survey.
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Figure 2: Ezamples of bad data. The figures are screenshots from the program mbedit.
Data points for one ping are shown with connected lines. The horizontal scale is the
across track distance in meters, and the vertical scale is the relative depth in meters.
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MBedit .
Fle | view | Controls | Reverse |  Forward | NextBuffer| Done |  Quit | About |
Acrosstrack Width (m): 1 ,zm ] 8000  Pings shown: 1 m%‘mn 40
189 o
Vertical Exaggeration: 0.01 ;=== 20.00 mmtom~ 1 m%lm 40
Mode:  Toggle - Pick - Erase - Restore - Info ' Unflag View |  Unflag Forward |
Current Data File:test_p.r00
o[ il ] 5995

Sounding Colors by Flagging: Unflagged Hanual Filter
Vertical Exageration: 1.99 HAll Distances and Depths in Heters

4503 09/10/1990 18:06:04.000  3460,000 [----
4502 09/10/1990 18:05:51,000  3466,000
4501 09/10/1990 18:05:38.000  3462,000
4500 09/10/1990 18:05:26.000  3462.000
44393 09/10/1990 18:05:13,000  3463,000
4498 09/10/1990 18:05:01.000  3479,000
4497 09/10/1990 18:04:48.000  3473,000
4496 09/10/1990 18:04:36.000  3463.000
4495 09/10/1990 18:04:23,000  3462,000
4494 09/10/1990 18:04:11.000  3463.000
4493 09/10/1990 18:03:58,000 0,000
4492 09/10/1990 18:03:45,000 0,000
4491 09/10/1990 18:03:33.000  3462.000
4490 09/10/1990 18:03:20,000  3462,000
4489 09/10/1990 18:03:08.000  3464,000
4488 09/10/1990 18:02:55.000  3465.000
4487 09/10/1990 18:02:42.000 0.000
4486 09/10/1990 18:02:29.000  3462,000
4485 09/10/1990 18:02:03.000  3466.000
4484 09/10/1990 18:01:37,000  3461.000
[0 4483 0971071990 18:01:12.000  3463.000
4482 09/10/1990 18:00:47.000  3462,000
O 4481 9971071990 18:00:34.000  3462.000
4480 09/10/1990 18:00:21.000  3460,000

Figure 4: An example of really bad data. The figure is a screenshot from the program
mbedit.
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Figure 5: Distance between beams in each ping (lower figure) and distance between
pings (upper figure) for the whole data set
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Figure 6: Histograms of number of data points (upper figure) and standard devia-
tion (lower figure) in each grid cell, using a grid size of 20” in EW and 8” in NS
(approzimately 250x250 meters).
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Figure 7: Bathymetric map of Aegir Ridge.
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Figure 8: Bathymetric map of Aegir Ridge. Data outside the white lines, as well as
in areas with data gaps greater than 100 km? (inside closed white contours), are from
the ETOPOZ2 bathymetry model.
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Figure 9: Cross sections across the Aegir Ridge at three different locations, shown on
Figure 8. Green curve is ETOPOZ2 data, red solid curve is our processed data, and
red dashed curve is interpolated data in areas with data gaps.
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