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PREFACE

This report was prepared by G. K. C. Clarke, geophysicist. It
constitutes an interim report on work accomplished in conjunction with
U.S. Army Cold Regions Research and Engineering Laboratory (USA
CRREL) research project Surface movement studies on the Greenland
ice sheet (Materials Research Branch).

The investigation was carried out under Contract DA-27-021 -AMC
20(X) with Dartmouth College.
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SUMMARY

The thickness of the Greenland Ice Cap has been determined by
seismic sounding along the trail from Gamp TUTO to Camp Century in
Greenland and on traverses northwest and southwest from Camp Cen
tury. The average velocity of vertically traveling seismic waves at
each shot location was estimated using the first-arrival data from re
flection records and the 10-m temperature at each location. The results
of three long refraction profiles and measurements of temperature,
density and seismic velocities at the Camp Century drill hole were used
to check velocity estimates. An empirical formula from Robin (1958)
satisfactorily related seismic wave velocities to the temperature and
density of the firn and ice. A two-layer glacier model having a homo
geneous ice layer overlain by a firn layer in which the P-wave velocity
increased linearly with depth was used.
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INTRODUCTION

To compare the seismic and radar-sounding methods of determining ice
thickness, measurements using radar devices from Scott Polar Research
Institute (Baily, Evans, and Robin, 1964) and from U.S. Army Electronics
Laboratories (Waite, 1965) and a standard high-resolution seismic reflection
apparatus belonging to USA CRREL were taken along a traverse in northwest
Greenland (Fig. 1), during the summer of 1964. Seismic reflection stations
were generally located at 20-25 km intervals along the trail from the TUTO
ramp to Camp Century and at 5-10 km intervals along a line of metal move
ment markers set up by CRREL in 1962. This line runs downslope from
Camp Century toward Inglefield Bay to the northwest and toward Melville
Bay to the south-southwest. Moderately deep seismic refraction profiles
were obtained near Camp Century and at the extremities of the traverse along
the marker line. The results of the seismic survey are contained in this
report.

INSTRUMENTATION AND FIELD PROCEDURE

A 12-channel high-frequency seismic system manufactured by Southwest
ern Industrial Electronics Co. (SIE), model P-15, was used for all seismic
recording. The set was provided with automatic gain control, initial suppres
sion, and optional mixing. Bandpass filtering was used for all reflection re
cords with pass bands of 70-215 cps and 105-215 cps as the most common
settings. Mixing was used for reflection but not for refraction records. SIE
type S-16 geophones having an 18 cps natural frequency with damping 0. 56 of
critical were positioned in a straight line at intervals of 50 ft (15. 2 m).

For seismic reflection shots, Z\ lb (1 kg) of'C4 explosive was buried at
a depth of 2 m in the firn; for refraction shots, up to 6| lb (3 kg) of explosive
was placed at a 2-m depth. The explosive was detonated by electric blasting
caps fired by an SIE PCB-11 capacitor-discharge blaster. Spread length was
550 ft (167. 6 m). The distance between successive shot points was taken as
500 ft (152.4m) so that there was an overlap between adjacent records.

Because of a defect in the time-break transformer of the blaster no time
breaks were recorded for the refraction profile at the south end of the traverse
from Camp Century. An uphole geophone was used at subsequent reflection
stations until the defective transformer was replaced. With the substitute
transformer adequate time breaks were recorded as long as the camera was
near the shot point. When this distance became large (as it did on the long
refraction profiles) the time-break pulse was of insufficient amplitude to be
detected. In such a situation two geophones were connected in parallel as in
puts to amplifier no. 12: one was located as part of the regular spread of
twelve geophones, the other was used as an uphole geophone. This arrange
ment provided an amplified uphole trace mixed with the ordinary refraction
trace. Several kilometers of wire were sometimes required to connect the
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Figure 1. Traverse route and seismic reflection stations, northwest Greenland.
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uphole geophone to the no. 12 input. Apart from this difficulty the seismic
apparatus performed admirably and high-quality records were generally ob
tained.

LOCATION OF SEISMIC STATIONS

Except for three stations in the vicinity of the TUTO ramp (stations A,
B and a station near TUTO East) the seismic soundings on the trail from Camp
TUTO to Camp Century were taken within 100 m of the survival huts spaced at
20-25 km intervals along the main trail. Shot points were located so that a
line joining the shot point to the survival hut was perpendicular to the direction
of the trail.

The radar depth measurements were not made at the exact locations of the
seismic shot points. This matters little in regions where the bedrock topog
raphy has low relief but becomes significant when bedrock relief is high. In
making comparisons between seismic and radar results this point should be
kept in mind.,

Shot points for seismic reflection stations along the line of markers were
located within 10 m of metal poles P42-4 to P42-21 inclusive (Fig. 1). Since
several of the metal poles could not be located, replacement poles were some
times erected. These are labeled with an "R" to indicate replacement, for
example, P42-11R.

The refraction profiles were shot at marker P42-9 near Camp Century, at
P 42-21 at the northwest end of the traverse, and near the mile 29. 5S(47. 4 km)
wooden pole between marker P42-4 and the missing P42-3 at the south end of
the traverse.

Along the TUTO-Century trail inter station distances were measured by an
odometer. The distances between the metal movement stakes, measured using
a tellurometer, were supplied to the author by S.J. Mock of CRREL. Eleva
tions, measured by barometric altimetry, a'ndthe odometer results "were ex
tracted from an unpublished paper by Jiracek (1964).

CALCULATIONS

In the simple model of a single homogeneous layer of known seismic veloc
ity the calculation of the thickness of the layer and the dip of the lower boundary
is straightforward. The method of images is used: the image shot point is ,
found by reflecting the actual position of the shot point in the lower boundary.
The spatial coordinates of the image shot point follow directly from the known
velocity of the single layer and the measured arrival times of the reflected wave
to the geophones on the upper surface. To obtain the true dip of the reflecting
surface requires the reflection arrival times at three non-collinear geophones.
When all the geophones are in a straight line it is only possible to find the com
ponent of the dip in the direction of the geophone spread. For this case the cal
culation of the depth and dip component is outlined in Figure 2. From the
distance formula of analytic geometry (see Fig. 2)

(x - LJ2 + z2 ="v"2 tx2 (1)

[x- (Lt +L2 )]2 +z2 =—2t22 (2)
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Figure 2. Seismic reflections from a
dipping plane.

shot point is d = 2"Z.

R 4. _1 xo = tan —.
z

where tj and t2 are transit times
of reflected P-wave from shot point
to first and last geophones respec
tively; Lj = distance between SP and
nearest geophone; L2 = distance be
tween first and last geophone; ~ =
velocity of seismic waves in first layer.
Subtracting eq 1 from eq 2 and solving
for x,

(t. ). + u + 2L, L,

2L,

and

z = \l~* t, * (x- UY •

These are the coordinates of the

image shot point. The thickness of
layer measured from the intersection
of the reflecting plane and the line
joining the shot point to the image

The dip of the reflecting plane is

In a more complicated model one could allow for a dipping upper surface but this
proved unnecessary in this particular survey since the snow surface was very
nearly horizontal.

It has thus far been assumed that a single homogeneous layer is involved.
In the case where there are several layers having different or variable veloc
ities the above treatment must be modified. If the actual case is not greatly
different from a single homogeneous layer as, for example, a thin layer of firn
overlying a thick, essentially homogeneous ice layer, it is an adequate approxi
mation to use the previous model, redefining the velocity to be the average ver
tical velocity, that is, the total thickness of the beds divided by the total time
required for a seismic wave to travel vertically through them. To make this
calculation it is necessary to know the dependence of velocity on depth. This
may be determined from velocity measurements in a deep drill hole or by means
of refraction profiles.

Slichter (1932) has shown, under the assumptions of a continuously increas
ing velocity with depth and parallel layering (lateral homogeneity), that for a
distance xp between shot and detector the maximum depth of penetration of re
fracted rays is

*f -l
cosh

v

_-E
v

x

dx
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where v is the velocity of the medium at a depth z and vx are the velocities
corresponding to distances x between shot and detector (Fig. 3).

By numerical integration the
velocity-depth relation may be
found from the time-distance

curve of refracted first arrivals,
since for parallel layering the
inverse slope of the time-dis
tance curve gives the velocity at
the penetration depth which cor
responds to the shot-detector
distance. A further numerical

integration of
z

dz

v

0 PFigure 3. Ray paths of refracted seismic
wave s.

]
yields the time-depth relation.

The average velocity for a total thickness d is

v= d/\ dz/v (z),
J p
0

The expression

z = —L r9 cosh dx.

shows that the penetration depth increases with the distance x^ between the
shot and the detector. For sufficiently long shot-to-detector distances, the
essentially constant velocity of the underlying glacier ice may be found from
the reciprocal slope of the time-distance curve. Since the elastic parameters
of ice are temperature-dependent, the velocity of seismic waves in ice will
not be constant over a large area owing to differences in the ice temperature.
In addition the thickness of the overlying firn layer may vary considerably if
seismic stations are widely separated. The average velocity therefore depends
on station location.

Ideally one would obtain a refraction profile at every reflection station.
Such a strategy is wasteful of both time and explosives. As a compromise it
was decided to shoot three refraction lines approximately 3000 ft (915 m) long
at strategic locations and to use the refraction results of Holtzscherer (1954)
and Roethlisberger (1959), who did seismic surveys in the same region. Meas
urements, of ice temperature with depth (B. L. Hansen)* and density (C. C. Lang-
way, Jr. y and seismic velocity measurements of cores (H. Bennett)* from the
Camp Century drilling operation were also used. With all this information it
was decided to investigate a method of determining average vertical velocity
from the 10-m temperature at the reflection station and the first arrival data
from reflection records. The first arrivals give in effect a shallow refraction
profile, the 550-ft (167. 6-m) spread length yielding penetrations of about 40m.

Tlje 10-m temperature is considered to be close to that of the glacier. S.
Mock ' predicted the 10-m temperatures at the reflection stations by a multiple
regression treatment of some previously measured values (Mock and Weeks,
1965). Table I compares the predicted and measured values at locations on
the traverse.

^Personal communication.
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Table I. Predicted and measured 10-m temperatures.
(Mock, personal communication)

Measured temperature
(°C)

-17. 0±0. 5

-20.9

-23.0

-23.3

-24. 6

-24.8

-23.9
-22.8

-21.2

Robin (1958) obtained the following empirical relationship between P-wave
velocity in ice and firn, temperature, and density

vp = P~z°2i59 (1 - 0.00061T) 104

where vp is in m/sec, p in g/cm3, and T in °C. If one assumes a value for
the density p, the 10-m temperatures may be substituted into the above for
mula to predict the velocity of P-waves in ice at the various reflection sta
tions. The measurements of temperature and density versus depth at Camp
Century may be substituted in the above formula to obtain a velocity-depth
relation. This may be compared to the seismically determined velocity-depth
relation to determine the accuracy of the empirical formula (Fig. 4).

It has been mentioned that the first arrivals on reflection records pro
vide a maximum penetration of approximately 40 m. If one supposes that the
velocity-depth relation in the firn layer is

v = vQ + kz (3)

then the penetration depth for a shot-to-detector distance x is (Ewing and Leet,
1932}

Predicted temperature
Location (°C)

Mile 57. 7 -17.8

Survival hut

Mile 8 6. 7 -20.4

Survival hut

Mile 116.0 -21.8

Survival hut

P42-7 -23.6
P42-11R -24.7

P42-15 -25.0

P42-17 -23.9

P42-19 -22.8

P42-21 -21.4

z

P

V0 v^Wl (4)

The maximum value of v in eq 3 is v = v- e for which

v - v
_ _ ice 0 /c.

z = zr. = : . (5)
p firn k j

Substitution of eq 5 in eq 4 gives

v 2 _ v 2 . l* 2 2p vQ t 4k x .
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This is the equation of a straight line with ordinate vp2 , abscissa x2 , slope ^k2
and intercept vo2 . From a graph of first arrivals, values for x and vp may be
found and a standard least-squares procedure may be used to find vq2 and ^k2 .
One finds that

, , NEv 2 x2 - Ex2 Ev 2K _ k2 _ p p_
D~T nsx4 - (Sx^ r

v

Ev 2 - bEx2
2 = P

0 N

where N is the number of points (x, v ). Best-fit values for vQ and k may
therefore be found for eq 3. Because of the relatively short length of a reflec
tion spread, the maximum penetration depth for refracted rays was usually
considerably less than the actual firn thickness. The linear velocity-depth ex
pression therefore must be extrapolated beyond the region for which it is a
best-fit straight line. Whether or not this extrapolation introduces significant
errors is checked at the locations of the three long refraction lines where the
linear approximation is compared to the rigorous numerical-integration method.

The firn thickness for the above model,

v. - vn
- ice 0

Zfirn k '

is certainly not the "actual" firn thickness, which depends largely on how one
geophysically defines ice - by a minimum density or a minimum seismic veloc
ity. Nevertheless, the value of Zfirn provides a useful index by which to com
pare the firn thickness at various stations.

The time required for a vertically traveling seismic wave to travel through
the firn layer in the linear model is

V • \firn J
o

The average velocity is

firn
dz 1 -, ice

InvQ + kz k vQ

where ttot is the time of the reflected arrival (twice the time required for a
seismic wave to travel through the firn and ice layers). Thus for the two-layer
model used

2 ln(v. 7vn )\ /v. - vn \
* ice 0 1 . -J ice 0 \

"vr^—/+2l\«tot /
The average vertical velocity may therefore be estimated using the reflection
time, the first arrivals, and 10-m temperature at each station.



8 SEISMIC SURVEY NORTHWEST GREENLAND, 1964

Several minor adjustments were made to the reflection arrival times,
which do not alter the above analysis. A shot-depth correction was added to
the arrival times

_ shot
shot v ,

surf.

with vsurf_ taken as 800 m/sec. In reflection records, the time of the initial
disturbance of the reflection wavelet is often obscured. To avert this difficulty
the first pronounced trough of the reflection waveform was the event picked on
all records. The time interval between the initial disturbance and the first
trough was then averaged from high-quality records and found to be 0. 0035 sec.
This correction was subtracted from the reflection time for the first trough to
give the time of the initial disturbance.

COMPUTATION METHODS

For the three long refraction profiles the first arrivals were plotted and
velocity versus x_ found from the reciprocal slope of the time-distance graph.
Numerical integrations were performed on a desk calculator. For the short
refractions (at the reflection stations) the graphically determined velocity and
Xp points were fitted by least squares, by Dr. W. F. Weeks and his associates
using CRREL's Control DataG-15 digital computer. The resulting values of k
and vq, the 10-m temperatures, and the reflection data were used as input to the
University of Toronto's IBM 7094 computer which calculated the average veloc
ities and the resulting ice thickness and bedrock dips. The evaluation of Robin's
empirical formula for the temperature and density data from Camp Century was
performed on the University of Toronto's IBM 1620 computer.

RESULTS

In Figure 4 the velocity-depth relation obtained by a numerical-integration
treatment of the results of the seismic refraction at marker P42-9 (near Camp
Century) is compared to the velocity-depth relation obtained by substituting
measurements of temperature (Hansen) and density (Langway) at the Camp
Century borehole into Robin'.smempirical formula. The density was meas
ured by weighing cores. The temperature-depth dependence was determined by
in situ measurements. r I

Robin's formula gives excellent results down to a depth of about 100 m or
to a density of 0. 892 g/cm3 (FJg. 4). For ice above this density Robin's for
mula apparently overestimates; the P-wave velocity- if previous seismic refrac
tion results are correct. At depths greater than 150 m the formula predicts
velocities of more than 3900 m/sec, considerably greater than any previously
measured in the region. This jdiscrepancy was further confirmed by seismic
velocity measurements on extracted cores by Bennett in 1964 (Mock, personal
communication). Bennett found that from a depth of 120 m to 300 m the veloc
ity of compressional waves is virtually constant at 3790 m/sec for a tempera
ture of -10C. (The measurements were not made_in situ .) The temperature
dependence of Robin's formula; may be used to correct this velocity to a tem
perature of -24. 5C, the approximate temperature in the borehole. The cor
rected seismic velocity was found to be 3823 m/sec at -24. 5C, which agrees
excellently with the predicted velocity for p= 0.892 g/cm3. (3826 m/sec). The
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Figure 4. P-wave velocity vs depth at Camp Century.

maximum velocity found by our seismic refraction near this location was 3795
m/sec but for a depth of only 102 m.

An ice density of 0.892 g/cm3 was assumed in predicting the P-wave veloc
ity in ice from the 10-m temperatures (Table II) at other stations. Seismic
refractions by Holtzscherer (1954) at Alpha and Sierra gave velocities of 3810
m/sec and 3855 m/sec respectively. These two stations are in the vicinity of
the Mile 43.9 and Mile 101. 1 survival huts for which the predicted velocities
are respectively 3803 m/sec and 3818 m/sec. Near station A, for which the
predicted velocity is 3792 m/sec, Roethlisberger (1959) obtained a value of
3720 m/sec for ice near the surface and values as high as 3880 m/sec for ice
at greater depths.

The 10-m temperatures at stations A, B and TUTO East were not available
and have been taken as -10. OC, -10. OC and -11. OC respectively; these should
not be greatly in error. For consistency, the predicted 10-m temperatures
were used for the seismic velocity calculation even when actual measured values
were available. A difference of, at most, 1 m in the ice thickness would re
sult from using the measured temperatures.

Figure 5 shows the time-distance curves for the three long refraction lines.
Because no time breaks were recorded for the refraction at Mile 29. 5 S this
curve is the least trustworthy. The velocity-depth curves from numerical inte
gration of the long-refraction results are compared to the least-squares linear
velocity-depth relation based on short refractions at the same location (Fig. 6).
For the linearly increasing velocity model the time-depth function is

t =
1

In 1 +
kz
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Table II. Predicted P-wave velocities, least squares results and
estimated average vertical velocity at seismic stations.

Predicted

10-m temp vice v0 k zfirn V

Station (°C) (m/sec) (m/sec) (sec-1) (m) (m/sec)

A -10.0* 3792 - - 0 3792

B -10.0* 3792 - - 0 3792

TUTO East -11.0 3795 2549 36. 65 34 3703
Mi. 16.0 -11.8 3796 2471| 35.70| 37 3673

Sur. Hut

Mi. 29.3 -11.2 3795 2392 34. 71 40 3730

Sur. Hut

Mi. 43.9 -14.8 3803 2095t 34.82 49 3637
Sur. Hut

Mi. 57. 7 -17.8 3810 1749 34.93 59 3680
Sur. Hut

Mi. 71.8 -19. 3 3814 1737 31.48 66 3695
Sur. Hut

Mi. 86.7 -20.4 3816 1827 33.98 59 3723

Sur. Hut

Mi. 101.1 -21.4 3818 1689 38.79 55 3726

Sur. Hut

Mi. 116.0 -21.8 3819 1753 32. 13 64 3738

Sur. Hut

Mi. 29. 5 S -20. 6 3817 1644 36. 65 59 -

P42-4 -21.7 3819 1887 36.67 53 3747

P42-5 -22.2 3820 1755 30.85 67 3721

P42-6 -22.8 3822 1701 33. 71 63 3730

P42-7 -23. 6 3824 1869 27.43 71 3739
P42-8 -24. 1 3825 1509 38.14 61 3730

P42-9 -24. 5 382 6 1726 32.32 65 3744

P42-10 -24. 7 3826 1677 38.44 56 3753

P42-11R -24. 7 3826 1697 33.38 64 3742

P42-12R -24.8 3826 1736 33.33 63 3747

P42-13 -24.8 3826 1740 36.07 58 3753

P42-14R -24.9 3827 1782 32.38 63 3750

P42-15 -25.0 3827 1796 30. 75 66 3751

P42-16 -24. 5 3826 1838 32.70 61 3752

P42-17 -23.9 3824 1761 34. 59 60 3745

P42-18 -23. 6 3824 1659 35. 70 61 3730

P42-19 -22.8 3822 1764 33.99 61 3733

P42-20 -22. 3 3821 1592 39.27 57 3720

P42-21 -21.4 3818 1677 38.38 56 3710

*These values of 10-m temperature were not predicted by Mock but estimated
by the author.

f First arrivals at these stations were of too poor quality for least-squares
analysis. The values of k and vq used are the average of values from adjacent
stations.
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Figure 5a. Time-distance graph for refraction line at southern
end of Project 42 Traverse (mile 29. 5 S).

down to a depth z^rn whereupon the curve becomes a straight line with in
verse slope equal to V£ce. In Figure 7 the least-squares-derived time-depth
curves are compared to the numerical integration time-depth curves. It is
evident that the two curves differ negligibly at any of the three refraction
stations so that the least squares analysis of short refraction lines is an
excellent means of correcting for the firn layer and the extrapolation of the
best fit straight line is justifiable.

The results of the seismic reflection survey are summarized in Table
III. Both the calculated glacier thickness and the slope distance are tabulated
to aid in comparing with radar measurements. It must be emphasized that
simple radar soundings do not measure the glacier thickness unless the bed
rock dip is small. To measure the actual thickness one must know from which
direction an echo is received. The radar apparatus measures the slope dis
tance between the source and the reflecting surface and not the vertical dis
tance. When the bedrock dip is small these distances are nearly the same.
Figure 8 shows the bedrock and surface profile obtained from the seismic
results and the altimeter measurements. The values of zf^rn are also in
cluded in the profile.

Owing to the generally high quality of the seismic reflections it is not
believed that the reflection times are in error by more than 0. 005 sec at
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Figure 5b.

200 400 600

SHOT-TO-DETECTOR DISTANCE , m
1000

Time-distance graph for refraction line at marker
P42-9.

the very most. Such an error would cause a ± 10-m uncertainty in ice thick
ness (less than 1% of the total ice thickness in most cases). It is possible that
the value of density substituted in Robin's formula and the formula itself in
troduce a systematic error in the predicted P-wave velocity but this is hardly
likely to exceed a magnitude of 2%. Because the temperature of ice begins to
increase with depth below a certain level according to measurements at Camp
Century, the P-wave velocity may begin to decrease with depth. If such a
situation exists, seismic refractions would be unable to provide the velocity-
depth function below the temperature-reversal level. A further error in the
average vertical velocity would result.
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Figure 5c. Time-distance graph for refraction line at marker
P42-21.
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Figure 6b. P-wave velocity versus depth at marker P42-9.
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Figure 7c. Traveltime versus depth at marker
P42-21.
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Table III. Results of seismic reflection survey.

Shot
Record ti t2 depth "v

Station quality* (sec) (sec) (m) (m/sec)

Trail from TUTO to Century: Edge of glacier = 0. 0 km

Slope Ice Bedrock Surface
distance thickness dip elev

(m) (m) (deg) (m.a. s.l.)

Bedrock

elev

(m.a. s. 1.)

A 1.6 km FG 0.0985 0.1245 2.0 3792 167 166 7 685 519
B 2. 6 km G 0. 1400 0.1570 2.0 '3792 255 255 i 750 495

TUTO East vicinity VG 0. 1590 0.1660 2.0 3703 293 293 2 c. 825 c. 532
Mi. 16.0 Hut G 0.1390 0.1425 2.0 3673 254 252 7 840 588

(25.7 km)
Mi. 30. 0 Hut F 0.3120 0.3370 2.0 3730 579 500 30 709 209

(47.2 km)
Mi. 44. 5 Hut VG 0.1945 o.1970 2.0 3637 352 351 4 1050 699

(70.7 km)
Mi. 58.0 Hut VG 0.4005 0.4090 2.0 3680 735 729 7 1343 614

(92.9 km)
Mi. 72. 5 Hut EX 0.4935 0.4950 2.0 3695 910 910 2 1471 561

(115.6 km)
Mi. 87. 5 Hut F 0.5215 0.5250 2.0 3723 969 968 2 1556 588

(139.5 km)
Mi. 101. 5 Hut EX 0.5505 0.5485 2.0 3726 1024 1020 5 • 1659 639

(162.7 km)
Mi. 116.0 Hut ; EX 0.6925 0.6955 2.0 3738 1292 1291 1 1754 463

(186.7 km)
Camp Century

(214.8 km)

Project 42 markers: P42-9 = 0. 000km

P42-

P42-

P42-

P42-

P42-

P42-

P42-

P42-

P42-

P42-

P42-
P42-

P42-

P42-

P42-

P42-

P42-

P42-

4

5

6

7

8

9
10

36.
33.

26.
14.

7.

0.

6.
11R14.
12R21.

13 26.
14R36.
15 41.

16 50.
17 59.
18 65.

19 73.
20 82.

21 90.

958 km

160 km
361 km

280 km

155 km

000 km

520 km

733 km

223 km

830 km

429 km
779 km
067 km
287 km
125 km

547 km

641 km

812 km

F - Fair

FG- Fair to good
G - Good

VG- Very good
EX- Excellent

EX

G

FG

G

VG

EX

N VG

NEX

N FG

N FG

NG
N G

N FG

N G

NEX

N EX

NEX

N VG

0.5775

0.5915

0.6315

0.6755

0.6880

0.7145

0.7150

0.6990
0.7090
0.7030

0.7090
0.7415

0.6815
0. 6580
0.6200

0. 5970

0.5670

0.4810

0.5825

0.6015

0.6385

0.6780

0.6900

0.7185

0.7155

0.7030

0.7100

0.7030

0. 7050
0.7390

0. 6865
0.6790
0.6215

0. 5975

0.5690,
0.4825

2.0

2.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

2.0

2.0
2.0

1.5

2.0

2:0

2.0

2.0

2.0

3747

3721

3730

3739
3730

3744

3753

3742

3747

3753

3750

3751

3752

3745

3730

3733

3720

3710

1080

1098
1175

1261

1281

1335

1340

1308

1328

1317

1333

1389

1274

1227

1155

1113

1053

891

1077

1079
1167

1261

1281

1333

1340

1306

1328

1317

1310
1384

1270

1103

1155

1112

1053

890

4 1665

11 1707

7 1757

1 1818

1 1853

3 1879
1 1896
3 1886
1 1880

2 1877

11 1872
5 1868

5 1817
26 1760

1 1727

2 1654
1 1595
2 1510

588

628

590

557

572

546

556

580

552

560

562
484

547

657
572

542

542

620
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