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Introduction 

Magnitude Determination on -LOlmET 

by A. l-1. B. Jacob and G. Neilson 
~ S ~ 3 <:> \2\,;?,)< 

Routine processing of seismic signals observed on LOWNET involves 

making measuremen"ts of (1) time and (2) amplitude and period. The time 

measure~ents contribute to a determination of the source position and 

origin time while the amplitude/period measurements allow a determination 

of its magnitude. The determination of source position and origin time 

15 relatively straightforward relying on accuracy of onset t1ming and 

phase identification and a clear statement of which earth model is used. 

The position with magnitudes had al~ays been rather more confused 

and there are a number of magnitude scales in general. usc. This " report­

describ~s the methods of magnitude determination used on LOWNET, compares 

LOInmT results with those from the world network, and finally makes some 

attempt to link some of the S~21f!S using data from LOWNET plus some 

neighbouring stations. The results should be relevant to other networks 

set up vithin Britain. Finally some "magnitude/charge si~e" 

plots for quarries and underwater explosions are shown and brieflY discussed. " 

Nagnitude Scales 

There are four magnitude scales l:sed on LOHNET. They are as follows: 

(1) " }':r. Richter Local Magnitude 

(2) Hb Magnitude determined from teleseismic P waves 

(3) H Magnit~cI~ determined from surface wave data 
s 

(4) • '\, a scale which attempts to measure '\, at shalt range 

(1) The Richter Local Magnitude (Richter 1935) as originally used was 

very limited and the equation for Hi referred to me2.surements on the 

re~orded trace amplitude of a standard Wood-Anderson instrument sited in 

Southern California. In his paper Richter says 'Precision in this matter 

was neither expected nor required~. lIe wanted only to be able to segregate 

large, moderate and small earthquakes and it was left to later workers to 

get entangled in the problems that greater precision and expectations 

produced. As it is used at present Mt is defined by 
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where A is the recorded trace amplitude for an earthquake at a given distance 

as written by a Standard Torsion Seisr.lometer and A is the amplitUde that 
o 

would be "recorded on the same instrument at the same range from a 'standard 

earthquake I which is thus defined as having a magnitude f\ = 0 (Richter 1958). 

Values_ of -log A are given in Table 1 (taken from Richter 1958). 
o 

The application of this scale to LOlfflET raises at least t.hree problems . 

The first is that the amplitUde response of LOWNET is not the same as that 

of the standard Wood-Anderson system. A correction can be applied to the 

maximum amplitude observed on a LOWNET station to convert it to the 

amplitude a Wood-Anderson would have recorded at the period observed but 

this is not necessarily the maximum amplitude a Wood-Anderson system would 

hav€'. g1ven for that earthquake at that site, because of its different 

r "esponse. The se~ond problem is that at only one site (EDr) are there 

horizontal seismometers (see map in Fig. 1) . The third problem '8 that 

Scotland is not Southern California and differences in A might be expected. 
0 

Of all these problems the first is probably the most serious. 

Thatcher (1973) has pointed out that magnitude scales for classifying local 

earthquakes are frequently related to Richter ' s r·~ but that the precise 

relationship between i·~. and other scales is often quite unclear. The primary 

cause is the difference in the shape of the amplitude response curve and the 

fact that ' the two systems may produce two very different seismograms for the 

same event Nith the maximum amplitude at a different frequency and position 

in each. Thatcher considers that' it would be preferable to have sp"ectrum 

measurements over a range of magnitudes in order to uno:ierstand pre"cisely 

the relationships between different magn{~de scales and make it possible 

to tie them together accurately'. We have simply taken the maximum amplitude 

observed on our seismograms to determine u~" for LmmET. Thatcher 

considered that such a course would supply an 'adequate tie-in with any other 

magnitude scale used in a given region'. 

The s.econd problem was deal t with _in one ~ tudy_ using LOWNET (Cramp in 

et aI, 1972) by applying a correction so as to allow the use of data from 

vertical seismometers at outstations but generally only results from ED! 

have been used. 



The fact that velocity structure and average Q in Scotland and 10 

Southern California are not the same should affect the value of Log A 
o 

and ideally a distance/log A scale should be constructed for this area. 
o 

but there is probably not enough data available yet to establish a local 

A scale. Richter's scale has thus been used and M values used to 
o ." compare with ~~ have been computed with that scale (see later). 

(2) The body wave magnitude. ~, is determined from the amplitude and 

period of the P wave arrival at ranges usually in excess of 20°. It is 
o 

probably most reliable beyond 30 • 

= logA/T + o(fi) + S 

A is the amplitude in ml.crons, 'f the period in seconds for the maximum 

swing in the first few cycles. The correction factors, a(~), used 

for, LOWNET are obtained from a table ir. the "Manual of Seismological 

Observatory Practice" (see Table 2). S in the equation is a term 

\-Ihich may include corrections for non-average source surroundings, wave­

path~ and station surroundings. It is normally set to zero , but~ as 

heterogeneity of the earth certainly has a marked effect on the 

registered magnitude~ attempts have been made to measure such corrections 

and to link them to earth structure (see the tmrk of P.O. Harshall and 

many others for such considerations in both MS and Mb)' Tne equation is 

the basis of magnitude determinations in the output of the NElS and the 

ISC Bulletin. However most of the data used by these organizations is 

based on short-period~ narrOli band instruments (e.g. LOWNET) and this 

has the .result that the maximum value observed for ~ is not normally 

above 7. This is because the source frequency spectrum changes ·as . 

magnitude increases so that at higher. magnitudes amplitude measurements 

are being made. at frequencies well removed from the source peak. This 

problem should not arise if wide-band instruments are used. These have 

long been used 1n Russia and are now becoming more common elsewhere. 

Fig. 12 shows the dominant period o~ the P wave for earthqu<1kes and 

nuclear explosions measured on a wide-band system. The Russians also 

contend that it is better to measure the maximum amplitude in the first 

20· or 25 · seconds . and' not to restrict the measurements to the fir.st few 

cyc les. 

(3) The Surface '-lave Magnitude HS is calculated using "'hat is essentially 

the same equation 
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where a(~) • 1. 66 log 
o + 3.3 

This second equation is the Prague-l1oscow 1962 fOnmlla. The amplitude 

and period are measur ed at the maximum of the phase (usually on the 

LP-Z component) but it is 'recommended that waves used should not have 

periods shorter than certain values (see the Manual of Seismological 

Observatory Practice). The only LOWNET MS measurements have been based 

on the broad-band system . 

• (4) The ~ scale is one which attempts. tomeasure the equivalent of ~ 

at ranges as shnrt as 200 km • . The equation He use is 

• 
~ log V + 2.310g R-2 
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where V is the ground velocity represented by the maximum trace amplitude 

in the P ,{ave train in microns per second and R is the distance in kIn. 
1, 

The . asterisk in ~ is a convention \oIe have adopted to show that though 

it is a value calculated to be ~quivalent to }~ it 1S not derived in the 

usual way. The equation is derived from work in the United States by 

Navarro and Brockman (1970). Initially this was used (for instance in 

Jacob and Hillmore 1972) without any adjustment for British or overall 

average European conditions. Since then ,,,e have more data to make a 

local check on it. t.,-ithin the limits of experimental error it seems 

to hold remarkably ' .... ell. 

The main -source for checking the equation and making a comparison 

with genuine teleseismic values was the 10 ton shot programme. Some of 

the data were presented to the ESC in Brazov Oacob and Willmore 1974) 

but a larger data set has since become available. Wh~re the equation 

is written as 

log V + A log R + B 

values have been found as follows 

A 2.4 :: 0.2 B = -2.1 ~ 0.5 

This resll:~t ~as based on 62 amplitude read·ings . from--European .stations 

and 17 values of rIb obtained at teleseismic range. As these coefficients 

are not significantly different from those in the equation used earlier 
• its use has been continued and all }~ values have been based on the 

original equation. These results show remarkably good agreement with 

the United States ones but it should be remembered that the relationship 



is based on near surface explosions and need not necessarily apply to 

deep sources . There is not enough data to make a full check for near 

earthquakes, hut a few near LOlmET which have also been observed at 

teleseismic range have been measured, the results are in Table 3 and 

plotted in Fig. 3. The line shown is that which would hold if there 

were an exact 1:1 relationship. The only result which needs any comment 
• • 
H number 5. The LOWNET ~ was 6.9 against an NElS value of ~ .= 6.l. 

A study of the EDR showed that not ·only was there a large scatter of ~ 

values from individual stations but that a number of stati6ns in Europe 

at a similar azimuth to LOWNET and at a distance greater than 200 gave 

similar high values . Examples were GRF 7.1, PRU 6.9, STU 6.9. 

Comparison of LOWNET results with those from the world network 

The results of a comparison between Mb determined on individual 

LOH'NET stations and the NElS values are shm,rn in Table 4 and plots of 

residuals (t-1, (NElS) - Hb (LOWNET) are shown in fig 4. There is not a 

significant variation with range for the data shown arid the data for 

each station have been put together to give an average station magnitude 

correction. For instance, the cor rection to be applied to che EDU 

readings _is -0_2 which means Chat amplitudes on the Dundee station are 

usually large. The average residual for the whole of LOWNET is -0.04 

which is eff~ctively zero. Most of the events were not at great depth 

and no depth corrections were made. Usually a magnitude is determined 

quickly in response to enquiries about a major or damaging event and 

in most cases no information is initially availa~le about depth. The 

range of the ev~nt is best determined by the S-P interval (a broad-band 

system, recently installed at EDI, is very useful for this if the event 

is large and distant) with a bearing gained from the arrival pattern on 

LOlmET. The phase velocity calculated from the first arrival pattern 

also gives a check on the range. 

All these measurements for Mb were made in the manner recommended 

for input to NElS and ISC, Le., measurements were made on the first 

few cycles of the P-wave train. If the maximum amplitude in the first 

20 seconds 1.S taken then the measured. AfT ~il1 sometimes ·b~ larger . 

Fig. 5 shows the plot of some I!leasu-rements in the range 4.8<t\ <7.0. 

Calling the 20 second measurement ~~R we find that its value may be up 

to 0.5 greater thz.n t), . The one very big difference Has observed for 
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a North Atlantic event (r-t
bR 

- Hb = 1.1). 

Since the broad system has been working on a routine basis measurements 

of M have been made. A plot of M ED! versus M NElS for events Ln 
s s s 

1976 (to 16/8/76) is shmffl in fig. 6. The line is drawn on the 

assumption of a 1:1 relationship. The response curves for the broad 

band system are shown in fig. 7. The average residual Ms NElS - Ms ED! 

is -0.1 rhough the scatter is large the indications are that the station 

correction for ED! is effectively zero (as "it is for Mb m~asurements). 

Compariso.n of Magnitude Scales 

These comparisons come into two categories. The 

mainly on data from the world network (e.g . ~~/Ms and 

first depends 
• • 

~/~). The 

second includes only local magnitude determinations, in our case the 

* comparison between Mt and ~. 

Until quite recently LOWNET did not provide measurements of 

surface wave amplitude and period so it \ ... as not possible to give M 
s 

magnitudes to enquirers. As it is the Richter surface wave magnitude 

which is uSlially quoted in rad io, TV, and newspaper reports (because 

it is normally bigger?) a means of approximately converting Mb to Ms 

was sought. Many papers have been written on the relationship between 

}~ and Ms and the most recent comparison is that made by Kondorskaye 

using ISC data (almost "the sa~e as NElS from whom they got most of their 

amplitude inforCla"tion). 
, 

She found that 

MS = · 2. 119 ~ 5 . 826 • • • • • • • • . • • .• (1) 

P. Marshall (1970) obtained an almost identical relationship 

M 
s 

= 2.08 ~1, -5.65 · ........... . (2) 

which was based on PDE values. A regional set was obtained in Canada 

by Basham (1969) 

M 
s 

= 1.18 ~ - 0.51 · ...... " .... . (3) 

An earlier equation was that given by Gutenberg and Richter 

M 
s 

1.59 ~ - 3.97 . • • • . • • • • • • • •• (4) 



Prozorov and Hudson (1974) used a large body of data to produce a 

relation 

" 5 
1.92 'b - 4.76 • • . • . • • • • • . •• (5) 

but this involved weighting the raw data to a11o\-I for errors in 

determination of ~ and 1'1s and a straightforward regression line 

through their data without this refinement gave 

N 
5 

= 1.06 'b - 0 . 17 

All these equations assume that the relationship between Ms and ~ 

(6) 

is linear but an interesting diagrern is shotm by Evernden (1975. p.367) 

where the -graph is certainly not linear. tJe have plotted the lines 

resulting from these equations in fig. 7 . Hhile there are considerable 

differenc es- betwee n some of them it should be rememb:!red that they 

are based mostly on "data 4<M <8 and in some cases a much narrower 
5 

range than that . There is not enough data to plot any ~/Ms . LO~1ET 

values hut fig. 8 and fig. 9 2re drawn from NElS sources with 

Kondorskaye's line supel:imposed show how t'iell actual observations fit 

the conversion fonnuL.'! . Fig. 9 is drmm frolll data for the North 

Atlantic ocean, mainly events associated uith ridges. l'~/Ms may he 

slightly .... ·lower for ridge events due to a very low Q environment at 

the source but th2 effect is not very marked on the plot. 

* 
~ and '" 

• We have made comparisons between l'~ and ~ for events observed 

by LOWNET. This comparison is useful because, though .their ranges 

of applicability overlap,· one cannot be used to the exclusion of the 

other. l'1. can be used from 0 km though as distance increases a~y 

discrepancy between Richter's A values and those that should be used 
a 

in Britain will have greater impact. No attempt has yet been made to 

• measure the variation of A 
a 

with · distance but as the available data · 

increases it may become realistic to determine this parameter. 

is linked to a teleseismic scale but does not work well for distances 

less than 200 kin. T-he re.ason for ·th~s is con~ected ·with rapid 

variations in amplitude of PmP and other reflected phases within the 

crust at such short ranges. McMechan and t.J'orkman (1974), considering . 
a a . 

the distance range 10 to 35 t have found that maximum ampfHude 

arrivals show less model dependence than first arrivals in the same 
• wave trains and, while the l>~ scale is taken to shorter ranges, the 

7 



same holds quite \ ... ell 1n the 20 to 10
0 range in this area . 

• Fig. 10 shows ~~ versus ~~ for British earthquakes observed on 

LO\~"ET. The lm ... er magnitude end of the scale is fixed by the fact 

* that ~ = 2 is about the LO\iNET detection threshold for 200 km and 

the upper limit is decided by the lack of larger earthquakes in Britain 

since LOh~ET commenced operations. The regression line through the 

set of 43 values gives 

• = 0.72 "J, + 1.0 

This line is also plotted in fig. 11 which shows the comparison 

* * of ~ and Hb for underwater explosions . For a given ~ the explosions 

register a lower ML but tend to fall more nearly on the earthquakes 

line at greater magnitudes. Apart from the fact that earthquakes aught 

to generate relatively more S waves one mai note that the smaller shots 

may show ~ reduced ~ value because they are high frequency sources dnd 

losses due to anelastic absorption are probably sienificant (Q being 
* S 

lOHer than Q ). 
p 

It is tlOrth noting that the event at ~_ 2.5/~ 2.2 

was a particularly low frequency eource (period 0.8 seconds) and gave 

a higher "1. than the other values ~ < 3 which were smaller but more 

efficient sources generating higher frequencies (period 0.2 seconds 

approx.). 

Hagnitude versus size of explosion 

The first plot (fig. 13) is mainly drawn from the literature and 

shows an interesting comparison between the efficiency of optimum deptn 

water shots and otiJer sources. There appear to be three populations here 

and three lines have accordingly been drawn. 

(1) The least efficient are the large nuclear blasts. 

(2) More efficient are smaller chemical blasts in water and on land 

(though 2 nuclear blasts get into this category). The Lake 

Superior shots fall into this group too as they were mostly not 

at optimu~ depth. 

(3) IGS optimum depth shots with corrected values for LISPB dispersed 

shots included. 

\lith the exception of the optimum depth data results . of this kind 

- appear in the writings of such authors as Evernden. In fig. 13 one can 



note a tendency for all these lines to converge so that it appears that 

at really large yields the nature of the explosion and its environment 

lose their importance. The figures for some of the smaller optimum 
• depth shots are drawn from 1), results (the 0.2 tonne Minol charges 

for example), and the apparent yield of the dispersed shots is calculated 

on the basis of an average range of 300 km from LO~lliT and Q = 1000. 

The actual efficiency of the dispersed shots at such short range is, of 

course, even greater than appears on fig. 13 hut the correction makes 

the comparison Hith normal optimum depth shots valid. 

9 

Fig. 14 is a plot of ML against charge size for underwater explosions. 

The higher values are all associated with refraction experiments where 

some attempt has been made to maximixe the efficiency. The group of lower 

Hr.' through which a line has been drawn. give results for explosions 

generally fired in shallow water- and in many cases the shot will have 

vented. The one large explosion 1n this set, the demolition of the St. 

Bridget. lies close to the projection of the line through the group of 

smaller sho·ts and the tendency to converge with the more effi.e ient set 

appears to be· present here too. 

Fig. 15 is included to show the enormous scatter in results from 

quarry blasts and their generally low efficiency as seismic sources. 

Variations will generally be caused by differences in .tht;: rock being 

Quarried and in the methods of firing. Delay methods, such as ripple 

blasting, are extremely inefficient from a seismic point of ·view . 
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Tables 

1 Values of -lo&lOAo (Richter. 1958, p. 342) 

2 Correction factors, a(~), for ~ 

• 3 Hb versus ~ for earthquakes 

4 LOWNET ~ residuals 

5 ~/ML for British earthquakes 
' . 

• 6 ~/~ for underwater explosions 

7 Magnitude versus yield 

8 I\. versus charge size for underwater explosions 

9 ~ versus cha!:'ge size for quarry blas ts 

10 LOWNET positions 



Figures 

1 Nap of LOt/NET. 

2 Nagnification curves for Hood-Aderson seismograph and LOHNET 

system. The ' ",hole LOWNET curve may be shifted upwards or 

downwards by varying the gain on the jet- pen on playback . 
• 3 }~ versus ~ for some earthquakes observed on LOWNET. 

4 LOWNET ~ station residuals (from NEtS determinations) plotted 

versus range. 

5 '\A versus lIbR 

6 MS (EOI) versus MS (HEIS). 

6a Response of LOWE! broad-band system • . 

7 plot of H\/HS relationships from various authors. Numbers 

refer to equations given in text. 

8 ~/MS dravn from NElS data 1968-1974. 

9 Mb/Ms for North Atlantic events only. 
;~ 

10 ~/HL for British earthqu:tkes. 

* 11 ~/~ for underwater explosions. 

12 The. measured dominant period of the P wave measured for 

earthquakes and nuclear explosions on a broad band system. 

13 

14 

15 

Plot of magr.itude ~. 

».. versus charge size 

».. versus charge size 

versus yield ·for a variety of sources . 

for underwater explosions. 

for quarry hla's ts. 



TABLE 1 

Table "1 Logarithms of the Amplitudes A (in millimeters) with which a 
Standard Torsion Seismometer (To", 0.8. V '" 2800~ h = O.B) Should 
Register an Earthquake of Magni~ude Zero 

/0, /0, /0, 

(km) -log A 
0 

(Ian) -log A 
0 

(km) -log A 
0 

0 1.4 150 3.3 390 4.4 

5 1.4 160 3.3 400 4.5 

10 1.5 170 3.4 410 4.5 

15 1.6 IBO 3.4 420 4·.5 

20 1.7 190 3.5 430 4.6 

25 1.9 200 3.5 440 4.6 

30 2.1 210 3.6 450 4.6 

35 2.3 220 3.65 460 4.6 

40 2.11 230 3.7 470 4.7 

45 2 . 5 240 3.7 4Bo 4.7 

50 2.6 250 3.B 490 4.7 

55 2.7 260 3.B 500 4.7 

60 2.8 270 3.9 510 4.B 

65 2.B 2BO 3.9 520 4.B 

70 2.B 290 4.0 530 4.B 

Bo 2.9 300 4.0 540 4.B 

B5 2.9 310 4.1 550 4.B 

90 3.0 320 4.1 560 4.9 

95 3.0 330 4.2 570 4.9 

100 3.0 340 4.2 5BO 4.9 

110 3.1 350 4.3 590 4.9 

120 3.1 360 4.3 600 4.9 

130 3.2 370 4.3 

l~O 3.2 380 4.4 



1-Af.>t£ ], 

PAR TABLE 3.2 

Ta"ble 3.2 Af\.trLlT.UOE FACTORS 0(6) FOR SfiALLOW SHOCKS . . 
A' PZ PH PPZ PNI SH A' PZ PH PPZ PPH Sf! 'Ao PZ PH PPZ PPH SH 
16 5.9 6.0 "7.1 56 6.8 7.1. 6.9 7.0 6.6 96 7.3 7.6 7.2 7.4 . 7.1 
17 . S.9 6.0 6.8 57 6.8 7.1 6.9 7.0 6.6 97 7.4 7.8 7.2 7.4 7.2 
18 5.9 6.0 6.2 58 6.8 7.1 7.0 7.1 6.6 98 1.5 7.8 7.2 7.4 7.3 ' 
19 6.0 6.1 5.8 59 6.8 7.1 7.0 7.2 6.6 99. 7.5 7.8 7.2 7.4 73 
20 6.0 6.1 5.8 60 6.8 7.1 7.1 7.3 6.6 100 7.4 7.7 7.2 7.4 7.4 

. 21 6.1 6.2 . 6.0 61 6:9 1.2 ·7.2 7.4 6.7 101 7.3 7.6 7.2 7.4 7.4 
22 6.2 63 .6.2 62 . 7.0 7.3 7.3 7.4 6.7 . 102 7.4 7.7 7.2 7.4 7.4 
23 6.3 6.4 6.2 63 6.9 73 7.3 7.4 6.7 103 7.5 7.9 7.2 7.' 7.3 
2. 6.3 6.5 6.2 64 . 7.0 7.3 7.3 7.5 6.8 104 7.6 7.9 7.3 7.5 7.3 
25 6.5 6.6 6.2 65 7.0 7.' 7.3 7.5 6.9 105 7.7 8.1 7.3 7.5 7.2 . 

26 6.4 6.6 6.2 66 7.0 7.4 7.3 7.4 6.9 106 7.8 8.2 7.4 7.6 7.2 
27 6.5 6.7 6.3 67 7.0 7.4 7.2 7.' 6.9 107 7.9 8.3 7.4 7.6 7.2 
28 6.6 6.7 6.3 68' 7.0 7.4 7.1 7.3 6.9 108 7.9 8.3 7.' 7.6 7.2 . 
29 6.6 6.7 6.3 69 7.0 7.4 7.0 7.2 6.9 109 8.0 8.4 7.4 7.6 7.2 
30 6.6 6.8 6.7 6.R 6.3 70 6.9 7.3 7.0 7.2 6.9 110 8.1 B.5 7.4 7.6 7.2 
31 6.7 6.9 6.7 6.8 6.3 71 6.9 73 7.1 7.3 7.0 112 8.2 8.6 7.4 7.6 
32 6.7 6.9 6.8 6.9 6.4 72 6.9 7.3 7.1 7.3 7.0 114 8.6 9.0 1.5 7.7 
33 6.7 6.9 6.8 6.9 6.4 73 6.9 8.2 8.1 7.3 6.9 116 8.8 7.5 7.7 
34 6.7 6.9 6.8 6.9 6.5 74 6." 7.1 7.0 7.2 6.8 118 9.0 7.5 7.7 
35 0.7 6.9 6.8 6.9 6.6 75 6.8 7.1 6.9 7.1 6.8 120 7.5 7.7 
36 6.6 6.8 . 6.7 6.8 6.6 76 6.9 7.2 6.9 7.1 6.8 122 7.4 7.6 
37 6.5 6.7 6.7. 6.8 6.6 17 6.9 7.2 6.9 7.1 6.8 124 7.3 7.5 
38 6.5 6.7 6.7 6.8 6.6 78 6.9 7.3 6.9 7.1 6.9 126 7.2 7.' 
39 6.4 6.6 6.6 6.7 6.7 79 6.8 7.2 6.9 7.1 6.8 128 7.1 7.4 
40 6.4 6.6 6.6 6.7 6.7 80 6.7 7..1 6.9 7.1 6.7 130 7.0 73 
41 6.5 6.7 6.5 • 6.6 6.6 81 .6.8 7.2 7.0 7.2 6.8 132 7.0 7.3 
42 6.5 6.7 6.5 6.6 6.5 82 6.9 7.2 7.1 7.3 6.9 134 6.9 7.2 
43 6.5 6.7 .6.6 6.7 6.5 83 7.0 7.4 7.2 7.4 6.9 136 6.9 7.2 
44 6.5 6.7 6.7 6.8 6.5 84 7.0 . 7.4 7.3 '7.5 6.9 138 7.0 7.3 
45 6.7' 6.9 6.7 6.8 6.5 85 7.0 7.4 73 7.5 6.8 140 7.1 7.4 
46 · 6.8 7.1 6.7 6.8 6.6 86 6.9 7.3 73 7.5 6.7 142 7.1 7.4 
47 6.9 7.2 6.7 ' 6.8 . 6.6 87 7.9 7.3 7.2 7.4 6.8 144 7.0 73 
48 6.9 7.2 6.7 6.8 6.7 88 7.1 7.5 7.2 7.4 6.8 146 6.9 7.2 
49 6.8 7.1 .6.7 6.8 6.7 89 . 7.0 7.4 7.2 7.4 6.8 148 6.9 7.2 
SO 6.7 7.0 6.7 6.8 6.6 90 7.0 7.3 7.2 7~4 6.8 150 6.9 7.2 
51 6.7 7.0 6.7 6.8 6.5 91 7.1 1.5 7.2 7.4 6.9 152 6.9 7.2 
52 6,7 7.0 6.7 6.8 6.5 92 7.1 7.4 7.2 7.4 6.9 154 6.9 7.2 
53 6.7 7.0 6.7 6.8 6.6 93 • 7.2 7.5 7.2 7.4 6.9 156 6.9 7.2 
54 6.8 7.1 6.8 6.9 . 6.6 94 7.1 7.4 7.2 7.4 7.0 15~ 6.9 7.2 
55. 6.8 7.1' 6.9 7D 6.6 95 7.2 7.6 7.2 7.4 7.0 160 6.9 7.2 

170 6.9 7.2 

Annali (Ii Ceofisica 9(1956), No J. p8. 



TABLE 3 

• No. Description !J. LotmET t;, t;, Source 

1 Icel<ind Region 13/1/76 121° 5.8 6.0 NElS 

2 Kintail 2° 4.0 4.0 LAO 

3 Germany, salt mine 
collapse~ 23/6/75 9° 5.2 5.3 NElS 

4 North Atlantic, 26/5/75 23° 6.5 6.3 NElS 

5 Jan Mayen, 16/1,/75 15° 6.9 6.1 NElS 

6 North \-lest Italy. 
16/11/75 12° 5.2 4.9 NElS 



TABLE 4 

LOtmET l-\, Hagni tude Residuals 

Station Average Standard No. of Readings 
Residual Deviation 

EDr 0.01 0.28 44 

EAU -0.07 0.27 53 

EBH -0 .11 0.34 57 

EGL 0.00 0.28 61 

EAB -0.07 0.29 60 

EBL 0.10 0 .. 30 51 

EDU -0 .20 0.30 47 

ELO 0.02 0.26 19 



TABLE 5 

• 
Hb versus t-l. for Briti s h earthquakes 

" • Events ~ I\. Events ~ }1. 

North t.Jales 4.0 3.5 Hereford 3.6 3.5 

South Wales I 3.5 3.7 Fort William 3.2 3 . 6 

South Wales II 4 . 2 4.1 North Sea 4.7 3.7 

Fair Isle 3.4 3.4 Manchester 2.8 2.2 

Stoke 3 . 7 2.8 Colonsay 3.7 4.0 

KirkQy- Stephen 4.0 4.2 North Sea 1.9 3.5 

Anglesey 4.3 3.5 Stoke 13/5/76 2.6 2.9 

Forth Hilliam 3.8 4.2 Stoke 19/5/76 2.5 1.9 

Kirkby-Thore 4.4 4.9 Avon 3.3 3.0 

Hansfield 3.5 3.6 Kirkby - Stephen 2.9 2.9 
16/8/76 

Todmorden 4.0 4 .0 

Kintail . 2.7 3 .. 0 

" 3.3 3 . 9 

" 3.5 3.8 

" 2.7 3.0 

" 3.0 3.7 

" 4.0 4.4 

" 2.7 3 . 6 

" 2.5 3.0 

" 2.9 3.3 

" 2.1 3.0 

" 2.2 3. 1 

" 2.7 2.8 

" 2.7 2.2 

" 3.1 2.5 

" 2.9 2.3 

" 2.7 1. 9 

" 2.9 2.9 

" 2.4 2 . 6 

" 4.4 4.8 

" 3 .0 3.8 

" 2.8 3.5 

" 2.6 2.2 

- -



TABLE 6 
i . f-\, versus ~ for unden .. atcr explosions 

• Events ~ "r. 
LISPB Nll 4.0 3.0 

" N21 4.4 3.3 

" N2l, 4.5 3.3 
'. 

" N25 4.5 3.5 

sosp III 3 . 7 3.5 

" II 3.3 2 . 5 

Tenton I 4.4 3.6 

Tenton 2 4.3 4.1 

Tcnton 3 .4.8 3.9 

Cambridge 1976 50 lb. 2.9 1.5 

" " " 2.8 1.5 

" " .. ) 2.8 1.7 

" " " 3.1 1.5 

" " 200 lb. 3.4 2.7 

" " " 3.2 2.6 · 

Hine. Uest Hartlepool 2.5 2.2 

Malin Read 50 lb. 2.2 1.2 

IIMSP 300 lb. 3.7 2.6 

" " 3.6 3.0 

St. Bridget 14/2/72 4.0 3.8 



TABLE 7 

Magnitude (r-~) versus yield 

(a) Nuclear Explosions 

Events 

Benham 

Purse 

Salmon 

Milrow 

Rulison 

Gasbuggy 

Buggy 

Cabriolet 

Longshot 

Artesia 

Rainer 

Shoal 

Jorum 

Hardhat 

Handcar 

Ardvak 

Stilh-later 

Yield 
-Kilot.ons 

1100 

150 

5.3 

1000 

40 

26 

5 

2.5 

80 

20 

1.8 

12 

2.5 

5 

12 

38 

56 

0.5 

2.8 

(b) Chemical on land 

Events 

Pre-Gondola III 

B.C. Strip ml.ne 

Oregon 

Colorado 

B.C. Strip mine 

5.0 

4.4 

3.9 

4.7 

5.0 

(c) Chemical in Water 

Post Longshot 

Arms Dump 

E. Coast U.S. 

" 

" 
Lake Superior 

" 
" 
" 
" 

4.5 

4.7 

5.0 

4.2 

5.3 

5.0 

4.7 

2.9 

3.0 

3.2 

3.3 

3.5 

Size 
(tons) 

210 

88 

65 

315 

169 

340 

500 

615 

5481 

700 

300 

400 

1 

2 

3 

4 

10 

Doormouse II 

6.3 

5.8 

4.4 

6.5 

5.3 

5.1 

4.1 

3.8 

5.9 

5.1 

4.1 

4.9 

5.1 

4.2 

4.8 

4.9 

4.9 

3.7 

3.5 

3.6 

5.5 

10 

200 
(d) Optimum Depth explosions 

Bilby 

Chinchilla 

Cimmaron 

Danny Boy 

Gnome 

* 

4.2 

4.0 

3.6 

5.4 

1.8 

11. 2 

0.4 

3.4 

Tenton 1 

Tenton 2 

SOSP III 

SOSP II 
• LISPB. NIl 

" 
" 
" 

* N21 
• N24 
* N25 

4.2 

·4.3 

3.7 

3.3 

4.0 

4.4 

4.5 

4.5 

10 

.10.3 

0.2 

0.2 

1.1 

5 · 

9.2 

11.9 

Three LISPB shots t"ere dispersed charges and equivalent yields were 
calculated. Actual charges were smaller. 



TABLE 8 

~~ versus Charge size for Underwater explosions 

Description ~ Charge s ize Ibs. 

Blackness, Forth 1.2 50 

Society Bank, Forth 1.3 100 

" " " 2.0 300 

" " " 1.9 300 

Oalgety Bay 1.8 300 

" " 1.7 600 

Pittenweem 2.0 300 

off W. Hartl~pool 2.2 1,500 

Goxford Sands 1.7 600 

Fife Ness 0.7 12 

Blackness 1.1 50 

" 1.6 100 

Gosford Sands 1.1 328 

North Sea. Cambridge project 1.9 50 

" " " 1.9 50 , 
" " " 1.7 50 

" " " 2.1 50 

" " " 2.7 200 

" - " " 2.6 200 

Dalgety Bay 2.2 400 

Minch, HMSP 2.6 300 

" 3.0 300 

off N. Ireland 1.2 50 

50SP, West Scotland 2.5 300 

Tenton 1 3.6 22,000 

" 2 4.1 22,600 

" 3 3.9 22,000 

LISPB, N11 3.0 2,500 

" N21 3.3 1"1,000 

" N24 3.'3 20,000 

" -N25 3.5 24,000 

Kirkaldy Bay 1.8 210 

Dalgety Bay 2.2 750 

" " 1.7 300 

" " 1.8 450 

" " 1.9 600 

" " 2.0 900 

off Wolf Rock 3.8 220,000 



TABLE 9 

11. versus charge size for quarry blasts 

Quarry 11. Charge 

Westfiel.d 0.7 1,050 .. 1.0 7,700 
.. 0.9 5,400 ., 

Craigpark 1.4 7,320 

Westfield 0.8 3,400 
.. 0.5 1,600 
.. 0.5 1,200 
.. 0.6 2,000 
.. 0.4 1,400 

Craigp.nk 0.9 4,970 

Goat 2.6 10,600 

Westfie ld 1.5 1,060 
.. 1.3 1,200 
.. 1.7 2,600 

Arroch' . 1.6 5,050 
.. , 1.7 5,050 .. 2.4 20,400 
.. 1.8 12,000 

Westfield 0.7 2,800 
.. 0.7 700 

Oxwellmains 2.4 8,408 
.. 1.1 6,256 
.. 1.4 5,270 

Clatchard 1.1 535 
.. 1.6 800 

Cunmo nt 2. 3 3,600 

Hazelbank 1.0 900 

Cairngryf£e 2.5 8,750 

Oxwellmains 1.8 15,350 

Westfield 1.4 1.200 
.. 1.3 1,100 
.. 0.7 1,050 
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