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Digitization and Re-Analysis of Analog Sonobuoy Records 

Final Report 

John Diebold 
Lamont-Doherty Earth Observatory of Columbia University 

Palisades NY 10964-8000 
johnd@ldeo.columbia.edu 
(914)365-8524; Fax 3181 

Long Term Scientific Objectives 

The physical properties and, therefore, the wave propagation characteristics of upper oceanic 
crust change drastically within the first few millions of years after creation. The rate at which 
this change occurs and the processes involved are not well known. More detailed knowledge of 
the former will obviously be a great help in determining the process of upper crustal alteration. 
The upper layer of oceanic crust was first identified by seismic refraction at the Reykjanes Ridge, 
and named "2A" (Talwani, et al., 1971). In two journal articles published in 1976, Houtz & 
Ewing and Houtz presented results of sonobuoy analysis indicating that the velocity of 
uppermost oceanic crust increased from around 3.3 km/sec to approximately 5.5 km/sec during 
its first 30 my of age, and that the apparent thickness of 2A decreased from about 800 meters to 
almost zero during the same time interval. More recent results, from two-ship Multichannel 
seismic data and ODP drilling, indicate that Houtz & Ewing were overly conservative in their 
estimate of the range over which 2A velocities may vary. 

Project Objectives 

The first part of this study involved the examination and reanalysis of the sonobuoy records used 
by Houtz (1976). These included 20 buoys with crustal ages between zero and ten my, in which 
Houtz identified layer 2A arrivals. The objective of the 1994-95 phase of the sonobuoy 
reanalysis project was to continue the analysis of analog sonobuoy data, examining a larger suite 
of records from well-dated crust, in hopes of increasing the population of 2A velocity results in 
the 0 - lOmy age range. 

Final Status 

Locations for the some 4200 sonobuoys whose analog records are archived at L-DEO were 
compared with the ocean floor age database prepared by Mueller, et al. (1993); 2190 buoys were 
found to be situated over reliably dated sea floor. Of these, 190 fell within the 0 -10 my range, 
and 142 of those were shot in the eastern Pacific.   The original analog records for most of these 
142 buoys were extracted from the data archive and scanned at 200 dpi. Each sonobuoy 
provided as many as three images - two data channels and the coincident single channel seismic 
vertical profile. In addition, 35 digitally recorded buoys from the ROSE area were rasterized, 
and an additional 40 buoys were lecorded during the Gorda Ridge Transect, reported upon 
elsewhere in this volume. The total number of sonobuoys in young Pacific crust comprised by 



this database is now slightly over 200 (Figure 1).  Excepting the just-acquired 40 Gorda Ridge 
buoys, all of the records have been interactively modeled to obtain range and time scaling 
parameters, and roughly sorted into three categories (yes, no, maybe) according to the visual 
appearance of 2A arrivals. Fifty buoys fall into the "yes" category, fifty-five, "maybe".   Some 
of these records have been carefully analyzed during the course of the first stage of this effort, 
but much more work remains to be done before the fruits of this newly amassed database can be 
fully exploited. Unfortunately, the curtailment of the ONR crustal evolution project and the 
associated cancellation of the second year of this project has prevented further progress. 
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APPENDIX 

Below is a working list of Pacific Ocean analog sonobuoy records that have been digitized via 
scanning, and examined for layer 2A arrivals. Entries in the fourth column are: "H" = included 
in the Houtz, Houtz & Ewing (1976) study; "H*" = identified by Houtz as having a 2A arrival. 
Age was calculated from the Mueller, et. al. (1993) database. "Comments" are my notes, which I 
was using as sorting criteria. 

Buoy Lon Lat Age Depth Comments 

101V28 -91.8810 3. 8210 H 4.660 2.950 yes - weak 

102V28 -91.7540 3. 7680 H* 4.590 2.897 4.0? Houtz 3.9 

104V28 -94.7620 4. 8460 5.430 3.112 topo 

105V28 -95.2470 5. 3190 6.260 3.544 "B" = yes 

106V28 -97.3090 6. 3750 7.280 3.464 poss. weak buoy 

108V28 -102.7700 9. 0460 1.960 3.219 no 

109V28 -102.0090 10 0910 4.520 3.449 yes-A 

10C13 -111.3790 -17 3900 H 2.050 3.375 topo, refl & shear 

10C22 -103.3700 12 1000 1.150 3.082 missing traces 

11C13 -113.2710 -17 4120 H 0.050 3.015 yes 

11C22 refl & topo 

12C13 -115.2370 -17 3540 H* 2.740 3.293 B - wrong buoy? H. 3.9 

12C22 -103.6000 12 0900 0.970 2.648 yes 

13C13 -112.0010 -17 1680 H 1.360 3.195 yes! 

13C22 topo, but maybe 

14C13 -113.4140 -17 0290 H 0.310 2.963 refl 

15C13 -113.8240 -18 0560 H 0.710 2.993 refl 

16C13 -113.3560 -18 1800 0.130 2.678 ringy pos. 2A, shear 

170V32 topo but yes.. 

17C13 -113.2710 -17 6080 H 0.110 2.760 refl & shear 

19C13 -112.7370 -17 6250 0.670 3.082 refl 

1C22 -102.0000 12 2800 4.340 3.150 no 

204C21 -76.1800 -48 4900 9.260 1.507 yes 

22C13 -111.8130 -17 7110 1.680 3.225 yes 

23C13 -111.8040 -17 5730 1.630 3.473 yes 

24C13 -112.2330 -18 .1980 H 1.300 3.173 topo 

24C22 -102.0200 12 .6400 4.480 3.233 weak refl 

25C13 -113.4350 -18 .1970 0.130 2.955 topo weak refl 

25C22 -101.9800 12 .3000 4.340 3.158 topo but maybe 

26C13 -114.0130 -18 .1980 H 0.920 3.038 topo but maybe 

26C22 topo 

27C13 -115.1680 -18 .3260 H* 2.590 3.225 shear no 2A Houtz 3.25 

27C22 -101.9400 11 .9300 4.320 3.188 no 

28C13 -113.7710 -18 .4160 0.670 2.925 poor refl 

28C22 -101.9000 11 .6300 4.020 3.247 topo - refl 

29C13 .-112.1630 -18 .4050 H 1.250 3.180 topo 

29C22 -101.8600 11 .4200 3.880 3.092 weak refraction? 

2C22 topo 

30C22 -102.0200 11 .1800 3.100 3.307 topo but sorta refl 

31C22 -102.6500 11 .1700 1.940 3.135 thin 2A weak + shear 

32C22 -102.7600 11 .7200 1.870 2.805 fuzzy 

33C22 -102.7800 12 .0800 1.910 2.970 ?? 

35C22 -102.7800 12 .6700 2.010 2.762 topo maybe refrac. 

36C22 -103.7800 13 .0300 0.930 2.985 possible weak refrac. 

37C22 bad buoy 



38C22 -103. 5800 11. 4000 0. 940 2.985 topo but refl 

39C13 -106. 9450 0. 7800 H   5. 160 3.652 weak buoy but refrac? 

39C22 -104. 1700 11. 4000 0. 400 3.000 shear no 2A 

3C22 topo but maybe 

40C13 -107. 2510 3. 5690 3. 380 3.855 bad topo 

40C22 -104. 2100 11. 7500 0. 360 3.060 topo 

416C21 -83. 8500 2. 7200 1. 490 3.210 refrac?? 

417C21 -83. 8600 2. 3800 2. 040 3.225 topo no data 

418C21 short, maybe refrac 

419C21 -83. 8400 1. 9600 3. 790 3.443 refrac 

41C13 -106. 8760 12 7600 2. 810 3.443 topo but maybe 

41C22 -104 2500 12 0900 0. 370 3.113 possible weak refrac 

420C21 -83 8500 1 6600 4. 770 3.233 refrac 

421C21 -83 8700 1 3500 5. 690 3.450 yes! 

422C21 -83 8700 0 9700 7. 770 3.476 weak refrac pos. refl. 

423C21 where is it? yes! 

424C21 -83 6100 1 1700 6 560 3.383 yes! and good shear 

425C21 -83 7600 1 1400 7 190 3.480 Topo, good 2B shear 

426C21 -83 7800 1 4900 5 280 3.473 refl ? weak refrac 

427C21 -83 7500 1 8900 4 170 3.450 ditto + topo 

428C21 -84 0100 1 9000 4 330 3.398 topo weak refrac 

429C21 -83 7400 1 6800 4 740 3.150 hard to see 

42C13 -103 9960 12 8900 H   0 930 2.678 no data no arrival 

42C22 -104 2900 12 4300 0 400 3.188 weak refl 

430C21 -83 8800 1 5100 5 310 3.420 need sed thickness 

431C21 -83 7100 1 3900 5 620 3.548 weak + topo 

43C13 -103 9360 12 6030 H*  0 930 2.655 weak refrac (?) H. 3.6 

43C22 no 

44C13 -103 6890 12 8900 H*  0 960 3.015 weird arrival Houtz 3.2 

44C22 -103 9500 12 3300 0 050 2.872 weak refl 

45C13 -103 4820 12 8930 H*  1 180 2.850 refl? need sed. thick. 

45C22 -104 1800 11 9900 0 400 3.165 weak refl - weak shear 

46C13 -103 4470 12 7340 1 340 3.082 refl, refrac, but a gap 

46C22 -103 9200 12 0100 0 100 2.918 topo 

47C13 -103 4690 12 8420 1 170 3.165 topo 

47C22 -103 6700 12 .0500 0 950 2.993 topo 

48C13 -103 .3590 12 .8430 H*  : L.360 3.090 topo but yes Houtz 3.3 

48C22 -103 .3500 12 .0700 1 .320 3.000 topo 

49C13 -103 .1450 12 .8410 1 .830 3.023 bad buoy 

49C18 -76 .0740 -44 .6600 6 .120 3.288 Yes I max sediment 

4 9C20 -103 .5130 9 .3850 1 .620 3.158 topo weak ref, 2B shear 

49C22 -103 .0600 12 .0900 1 .670 3.015 topo 

4C22 -102 .4300 12 .2200 2 .360 3.142 poss. weak refraction 

50C13 -102 .8000 12 .8400 H   2 .010 3.068 ditto 

50C22 -102 .7600 12 .1000 1 .910 3.075 topo but refl? 

51C13 -103 .8450 12 .6690 0 .940 2.850 yes 

51C20 -103 .7310 9 .3480 1 .240 3.128 7 

51C22 -102 .5100 12 .0900 2 .080 3.120 topo but emerging ref 

52C13 no 

52C20 -105 .7290 9 .0840 1 .330 3.293 shear (?) 

52C22 -102 .2300 12 .1600 3 .240 3.188 topo, poss. shear 

53C13 -103 .9000 12 .6000 H*  0 .930 2.640 bad buoy Houtz 3.4 

53C20 -105 .9590 9 .0380 1 .590 3.405 topo poss.emergent 

53C22 topo + poss. emerging 

54C13 -103 .9700 12 .8510 H*  0 .930 2.685 hard to see it H. 4.15 

54C20 -105 .3270 8 .7440 0 .900 3.142 topo 

55C13 -103 .8130 12 .6370 H   0 .940 2.977 yes 

55C18 -94 .4230 -40 .9890 6 .970 3.480 topo 



55C20 -105.2700 9.1490 0.950 3.240 yes! 

56C13 -103.7930 12.4540 H 0.940 2.925 poss. weak buoy 

57C13 -103.8320 12.7880 H 0.940 2.963 yes! 

57V32 -99.7580 13.1670 9.430 3.608 no + thick 2A 

58C13 -103.4990 12.8000 H* 1.170 2.947 no Houtz 2.8 

58V32 H* no Houtz 3.7 

59C13 -103.2160 12.8090 1.720 3.075 topo, but ? 

59V32 -98.556 14.850 H 10.600 3.413 963 no have 

5C22 topo, poss. refl 

60C13 -102.9420 12.8120 H* 1.950 3.068 yes  Houtz 3.75 

61C13 -102.7050 12.7900 H 2.090 3.098 yes 

62C13 -102.6450 12.5220 H* 2.240 3.142 poss. emerg. ref.H. 3.9 

62V32 -99.122 14.751 H 10.600 3.675 973 no have 

63V32 -100.5860 12.6000 H* 6.720 3.473 yes! Houtz 4.2 

64C13 -102.3680 12.7320 H 2.900 3.300 yes 

64V32 -100.4260 14.2030 H 9.140 3.525 possible refr. need sed 

65C13 -102.0360 12.7100 H 4.510 3.322 yes 

66C13 -101.9950 12.4170 H 4.410 3.060 yes 

66V32 -106.9000 2.9780 3.160 3.803 yes -.215s seds 

67C13 -102.0450 12.7030 H* 4.510 3.300 topo H. 3.3 

67V32 topo, poss. refr 

68C13 -101.7020 12.7030 H 4.760 3.330 topo 

68V32 -109.4480 3.0570 4.840 3.855 topo, POSS.2A 

6C22 -102.7200 12.1800 1.980 3.075 refl? 

70C13 -101.2090 12.6910 H 4.980 3.322 topo 

70V32 -110.7100 2.7080 5.800 3.780 topo weak refrac 

71C13 -100.8140 12.6790 H 6.150 3.375 yes 

71V32 -112.5800 2.6910 7.160 3.878 topo shear only 

72C13 -100.7640 12.3810 H 5.680 3.398 refl 

73C13 -100.8460 12.7070 H 6.150 3.247 topo 

73V32 -114.0080 2.7010 H 8.190 3.797 topo possible refrac 

74V32 -114.5230 2.7060 H 8.570 3.848 7 

75C13 -101.5810 12.6840 H 4.800 3.113 yes but topo 

75V32 -114.7510 2.6960 H* 8.850 3.894 yes but topo Houtz 3.85 

76C13 -101.5390 12.3700 H* 4.790 3.315 maybe need sed thick. 

77C13 -102.3690 12.3290 H 2.510 3.068 no 

77V32 H* topo, maybe - Houtz 3.7 

78C13 -102.3770 12.4340 H 2.650 3.173 refl maybe 

78V32 -119.037 2.668 H 18.640 4.275 1095 no have 

79C13 -103.0060 12.4340 H* 1.860 3.053 topo maybe Houtz 3.5 

7C22 topo 

80C13 -103.0610 12.5030 H 1.800 3.105 no 

81C13 -101.0630 12.2440 H 4.890 3.293 very weak arrivals 

82C13 -99.140 12.822 H 10.170 3.503 1035 no have 

85C13 -97.982 12.500 H 10.570 3.570 1043 no have 

86C13 -92.9070 7.6030 9.730 3.630 yes 

87C13 -92.1320 6.8940 9.070 3.562 no 

89C13 bad buoy 

8C13 maybe refrac need sed Z 

8C22 -103.0600 12.1400 1.670 3.060 maybe emerging refrac 

90C13 -87.9520 2.9910 4.500 1.043 yes! 

90V32 poss.refrac very weak 

91V32 no - good 2B 

92C11 -127.2280 47.8960 2.200 2.551 this series hard to see 

93C11 -127.3840 47.8590 1.930 2.585 top of crust - thin 2A 

94C11 -127.5850 47.8110 1.650 2.599 no 

95C11 -127.8520 47.7590 1.260 2.605 shear poss. 2A 

96C11 -128.0930 47.7040 0.990 2.648 best of these 



98V28    -85.2780   6.3570      9.920    1.891    poss 2A buried in 2B 
9C13    -114.2340  -17.5980  H*  1.300    3.150     shear Houtz 2.95 no 2B 
9C22    -103.1500   12.1300      1.670    3.188    no 


