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HYPOLAYR, a Computer Program for Determining Hypocenters of
Local Earthquakes in an Earth Consisting of Uniform Flat
. Layers over a Half Space
by
J. P, Eaton
National Center for Earthquake Researcn

U.S. Geological Survey, Menlo Park, California

INTRODUCT{ON

HYPOLAYR was designad Tc determine hypccenters of local
earthquakes recorgsac at ciose range on a dense ciuster of seismographs,
primafily on The basis of first P-wave arrivais. A first estimate
of the hypocenter (from subroutine PREHY) is adjusted by Geiger's
meThod so as to minimize The sum of The squares of the resiauais of
observed arrival times with respect to those computed from an earth
mogel consisting of flat-lying constant velocity layers (from subroutine
TRVORV). Adjustment (by subroutine HYCOR) is conitinued unT.i & set
ot adequacy criteria are met, or until an iteration iimit is exceseded.
Inrd:vidual arrivals are WQIQhTed in this adjustment according To two
tactors: quality or clarity of the P-wave arrival, and epicentrai
distance of the station (for later adjusfmenfs); I f ampli?ude; periog,
ana calipration data are available; the bnogram computes two.magnitudes
for the earthquake, one from The'P—phase and the other frcm the maximum,

X, phase (oy subroutine MAGNTD).



The program is set up for batch processing of earthquakes.
Station parameters (location, elevation, delay, model), model parameters
(depths to boundaries and layer velocities), and control parameters
are first read in, and some preliminary calculationsaare carried out.-
Data for the first earthquake (arrival times, amplitudes, periods,
~ calibrations) are then read ln; and ifs hypocenter and magnitude are
computed and. the results printed out. Additional ear?ﬁquakes are
located one at a time until The batch is completed. A variety (or
combination) of solution modes (free solution, depth restricted,
origin time restricted) can be called by an instruction card that is
required To initiate exscution of each hypocenter determination.

An optionai stafistical summary of arrival Time and magnitude
residuals at individual stations can be caiied by a controi parameter.
HYPOLAYR contains a number of special features that should be

noted: |

I. The traveltime and derivatives of the direct refracted wave
are computed without recourse To interpolation between tabulated
precalculated reference curves; so the earth model can be changed °
without difficuity. Thus, any earth model consisting of not more Than
24 ilat-lying constant velocity layers, velocity increasing from
iayer to layer downward, can be used--it simply is read in along with
the station locations, etc., at the time of execufion;

| 2. For the specific circumstance in which a group of earthquakes
occurs along a known boundary between differing crustal structure
provinces (e.g., afTershScks along the San Andreas fauit), two earth

models can be read in and individual stations can be assigned to The



model appropriate for the side of the fault on which they lie. Lateral
refraction induced by the juxtaposition of the two structures is
neglecfed; This option should bé Qsed with caution.

3. The program is designed to perﬁif locations to be calculated
for events recorded on any number of stations from 3 to 98. |f only
three stations record the event, the depth or origin time must be
specified (depth assigned or origin time computed from S-P data) so
that the number of variables does not exceed the number of equations.

4. Several solution modes (free, depth restricted, origin
time Tixed by S-P) can be calied by the variable INST on tThe

-"execution" card at The end of an event "phase" deck.

5. The usual condition under which solutions cannot be obtained
(other than due To gross errors) is that in which the epicenter lies
far outsiae of the ciuster of seismographs. in this case, the nexT
best estimate of the earthquake's point or origin is calculated:
the azimuth to the source and the apparent velocity of the P-wave
across *he cluster.

HYPOLAYR makes only limited use of S-phase data. Under the
"origin-time-restrained" option, the origin Time is set equal to
that computed from available S-P data. S-wave arrival times are‘nof
used aiong with P-wave data in adjusting the hypocenter.

In this write-dp of HYPOLAYR, the mathematical bases of the
principal secflong of the program will be ouflined; Also included
are several appendices that will be heipful to anyone wishing to use
fﬁe program: §~

|. annotated |isting of HYPOLAYR and subroutines.



2. block diagrams (simplified flow charts) of HYPOLAYR and
subroutines.

3. list and definition of variables used in HYPOLAYR and
subroutines.

4. annotated listT and explanation of input parameters and the
role they play in the control and use of the program.

5; description of the outputT op?ions; together with a iisting

of the output "blocks" and an explanation of the variabies printed.



Least-Squares Adjustment of an Initial Approximate

" 'Hypocenter by Geiger's Method

Defiaifiéns;
Xo,"fﬂ, 7o, are the cartesian grid coordinates of the hypocenter,
Z, 1s the origin Time of the event
XL, (Z‘h ,%¢ are grid coordinates of station i

’7‘2 is the observed first P-wave arrival time at station i
—_—r—

2
[

is the computed traveltime of the first P-wave

arrival to station |

'{’:5 Is the computed P-wave arrival time at station |
'f':i = .éo + 7-2 (,)
[+ =77 =777 is the arrival time anomaiy at station i. (2)
C =1 T e

ng is a function of the hypocentrai parameters
Xo, 4o, F,+T, and we can express the change
in £; due to small changes in these parameters

by a Taylor's expansion

A Lo s .a""
: ov, [ el ' “L 1’ N
o, s :1‘“-::"“(0"3': e FEmr ST, t— T (o)
=¥5 “to ; Yo Il To

If we had only four stations, we could set  F.+dF =0
(or 5 = dt; =0) at each station and calculatedx, ;d;o;a »AdZs s
and :Zﬁc which would result in zero anomalies at all stations. With
more than four stations such a solution cannot, in general, be found.
Rather any adjustment of ¥, , L(’f? » 2, » and 4o designed to reduce the

arrival-time anomalies results in "residuals" at at least some stations.
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Py : Y B e — ’::' -,
Thus, we can write for station i, s ;/;’¢ T e o, o
Fo—die =20 - (4),

where F, . is the arrival time anomaly we wish to eliminate, ci; is the

change in calculated arrival time resulting from adjustment ¢fX, ,duo ,

—

dz2,, and di, , and F’é is the residual arrival-time anomaly after

the adjustment. From (3) and (4), we have

- . Deim s / -
Seoy L . Ot ., L CTtl 2l o —F = —F; (5)
= UXo = do T dio —— AT I =z
2Xs - V o HTo
A\
1 4 \ .
- Ty
Since £ = T¢(Xo 0020, tto
’ . -~ . —~ ~_ SN T ~ _
B:L Bf{. C'Tou e ST - BJL oot s N
= 35y, )Y AL =T == T =-.y = =1
DNo DXo 3o S8 e Zo S
N

Thus
i oTE T = )
< dXo T2 dy, + 2Zo -f-d‘éo“‘fr:‘::.‘"l:c: \/é/)
L) a/’ J:Z)

Y

For convenience in writing, let

- -~

S T2 "T ~ ——
v ie - ool ., gy
- [ .

0 Xo | ) 2‘;!0

W62, ) dya= Y dza= Y,

t)
Then equation (6) ! becomes

)

|
m
Q
N

TN /L""“Y{; Yo +Vy—F;
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Following Geiger, let us calculate the adjustments Va In our over-

”~
-—

= is a minimum.

.
’
-

determined system so that 2.

To have 2; Egs a minimum, we must have
> [ 7
E LAY p— -
—_— = . il
\‘r, izl—-tf O
’:.-LL:, -
or g -, (8)
=, - ) ‘
— 2y = ) 7= ) H
(=1 ¢
from (73
T e = » ~—. -
Sz el ’ai"-—f-’.’ 2E: R E
A Y2 SR sl Oty
: - 3 T /,J (9

From equations (8) and (9),

~

o:.,5::+c<i5,~+oc353+,..+ccn5”; o for.-| , efc. (10)

To assign weights LU to the individual stations we can modify equation

(105 to

o e, B = o = -
.: / /75%?(1~L+AU:30C3C3+"‘+MOCm[:n:‘/) (n

4 fo'r' F= /) e’i"&.
Expanding equation gi'l), we have (for J =1)
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¢
2y 0 . - ::' N » M \ hY . - =
L""L‘*ﬁ ] Y ‘@‘] R e b Ay
= \

Summing columns and employing the summing conventlion for repeated
indices, we can write the foregoing equation for j = | (and analogous

equations for j = 2, 3, and 4) as follows:

! ,r “l' \/ I"' LY —\\ T
/«W‘_ C’»(C‘_‘J >§ TL!./{/J.C'«C’ L:_l’ I/; T; -)chxg“fc‘:/ r//,3 ‘f“i//(}. C[ ‘( /{.«L 1/(/'/ VCL; v{/ ~0

;j >/2. ,},_{x/;-ag '\{f'/'/ +//JJL€'L{ yu-‘//J—;'uc'E’—]:O /
(12)

-l

r 7 AN f“. ' 0—7 N, = AL = \ r -
$= el v QL] e ey Y _/«07:] Yy—jwre Fij =0
¢ =, N '

. < r —

A= 2ol Aea ™ @Vili iy, Azs= 2% L Arem i e
~ . f— r - ; :‘ . “']T ‘ "‘ 7 (}i’f‘)

Asi=ia; ool Asa=a0eY; i)y Ass = wre G, A= e

A=l o7 =7 - r ) - -

T G P /'\P%L"g'_’w'il PR A'ff’i ’;i:-’/)'gy‘_;) Aq-—/ =[]

and

_[,w"o( /—1_[ B,= Z.ur(«’ F.], By= )M}",_Y‘F?) By=lez F

L= ,f/ N



Then equations (12) can be written as:

[ ad —
P ——— H - 7 —

,: . N NS v
DA Az VR i /a; ; 23/3
; . b e (13) -
o & Y / PN o
PRt Ao Hez o fadld /2.5... ‘ ulg —_ - —
,: ‘ L4 ‘-—-(' 2' /q A \/—— 2
Pooa “~= ] ’ g -\:) g) )F /‘—‘\ /.__‘;/
;A Az A 33 As’—} 2 >31 {. U
| < i ‘ [
i e o /“ <
%_A*—n Auz Auz Az ;__7'-,:__} Lﬁe{é
. - : -
Finally
Y = A B (14)

~

vieiding the compopenfs of the solution vector Y (:ngiﬂz‘fﬁ)ﬁﬁq or

Axs  dvo dz, dits) B

N
!

that should result in ¢ EESL being minimized.

The procedure outiined above Is strictly valid oniy if the
corrections are small and if ail of the derivatives (Eﬁit ) @‘;) ‘r-}f}°>
are continuous in the region containing the original and corrected
nypocenters. In fact, we shall apply‘fhe method To & laysred medium
(hence, one with discontinuities), and wé shail initiate the ggarch
for a hypocenfef from a very approgimafe firsT es?imafe; We shall assume
that a single aﬁprfcafion of the method will yield an improved (if not
accurate) hypocenter, and we shall except repeated adjustments To
converge on the actual hypocenter. Readjustment will be continued until
tThe average residual;,mean deviation of the residuals; and change (from
one adjustment to the nei?) in mean deviation of the residuals all
vecome smaller than prescribed test values; or unti! the number of

iterations e;ceeds a prescribed limit.



Under certain conditions, the normal equations (13) from which we

seek to determine hypocentral adjustments, /. , fail to be linearly

-~

on
independent. One such condition occurs when ¢ ‘/;)19 becomes the same

(or very nearly the same) at all stations: V. [dio) and /. (42,

are then linearly dependent. Adjustment can proceed only if -f:’o or Z,
is held constant during the ad,jusTmeﬁf, causing one variable and one
equation in '(13) To disappear. Another indeterminate case occurs when
the focus is ou‘l‘sid:e ofl.The ciuster and the ratio of oT 2 Ko
to BT/D%},@ approaches the same vaiue at ail stations. In this
case restriction of ‘Z‘:> usuaily has already been required as per the
condition described( above, and an adjustment can be computed only if
fa is also specified or its acijusfmenf blocked-~leading to further
d‘egeneracy of the normal equations.

Normaliy, 2, is less strongly determined by the data than the
other parameters, and its adjusfmen'l; req'uires special consideration
and controt. .Therefore, a strategy restricting adjustment of-Z, until
the epicenter has been fairly well estabiished has been included in
the program. Furthermore, the range in values of aT/a;o calculated
prior o each adjustment is tested, and adjustment of %, Is blocked
if this range is smaller than a preécribed value (i'.e;; it effective
depth control has been lost). Finally, negative focalﬂ d'ep'!'hs are
inadmissable physically; .;,o each computed adjustment to 2, is tested
prior To application of the hypocen‘rr_al adjustments. |f the computed
adjustment in Z, would.result in the focus eme.rgi'nQ above the surface;
the 2, adjustment is scaled dowq so that the focus moves only a fraction

(6/10) of the distance to the surface, and the other adj'usi'menfs are

[0



scaled down somewhat less severely (to not less than 4/10 of the
"~ computed values).

If the epicenter recedes from the cluster so that the nearest
station is farther than a.prescribed distance or if the normal equations
(even with the automatic restrictions) become indeterminate, the search
for a hypocenter is terminated; and the apparent velocity and azimuth
of approach of a plane wave that would ekpiain The observed arrival-
time differences across the cluster are calculated as an alternate
solution (subroutine VELAZ).

Further restrictions on the adjustment of hypocenfrai parameters
can be cailed info play by the control variable INST { Z, fixed,-

fa fixed); and even it a free solution is specified(by INST = 0), 2, is
automatically resfricfed T0 reduce the numberxof normal equations if only

three stations are available.



Solution of “the ‘Normal ‘Equations ‘for “the

‘ ‘Hv}‘ipocenfral Corrections

I. Free solution for V(?‘ Y2y, \""71;'5 \/(uJ dXo, a'uo ,dze, dto

l. Calcula‘fe 'rhe mafrax of cofactors, [C(M,Nﬂ , of 'i'he mafrxx
of the cosfficients of the unknowns in the normall qua‘hons, [A ,,w* )}
2. Calculate DETA, the deterninant of [A (I1,J)] :

DETA:/\(),))¢C(I)I)+A(2,I>%C( )+A(3,:)*c(3)1, + Al ,,z,%(i( )

3. Solve for Y(), 7(2), Y“) ,. and ‘/(4) by Cramer's rule:

V(1) = '(Bu);»cq,z + B(2) %0(2,T) + 3(,)+C(w,4)+gm)"‘(4 Ij)/DET/
=54

4. Calcula're the elements of the principal diagonal of the

. O

- .
inverse ma‘l'rix of coefficients of the normal equation unknowns,[A(I, J)J:f

-] . , .
AlLD) = C(n1) /DETA  I=4

These elements are needed .in the évalgaﬂon of the errérs in the
computed corrections, ) (I ) .

il. Restricted solution: Y(3)=0 (dzo=0). This
“esTrxc‘hon e! iminatesone of the normal equations and amounts to striking .
_out all quantities in equation (i3) that have "3" in the subscript.

For convenience, define auxiliary variables- to simplif\) the

expressions for the solution of +the 3x3 normal equations:



A

,"\ B

AZI =AM DFACH) —ALD) X ACHA
A2 = Al //H»—fw) — A (1) FALH)

H= ALY %f*:*-?—A-':'z)z) #44)

. X 'y "', :V\v
;-\u;;_ = A(ﬁ.)})%\-ﬁx{g’«:)—f\c!;?/ FAlh)

>

SETA= AU)/)%A | + A(l AL + A1) # A

Then, solving the 3x3 norma | equations for the corrections 5/(2:))

YUy = (B %Al +B(2)#AZ] +B(4) % A%]) / DETA
Yi2) = (Bl #* A2 +B(2)#A22+B(%)*A4r) / DETA
JYU3) =0

V(4) = (BU)XAIH + Blr) % Ary + B xAud) /DETA

The moduli of the elements of the principal diagonal of the

inverse matrix of coefficients of normal equation unknowns can be
written:  Aspx = | All /DETA]
ASDY = | Az2/DETA|
ASDZ =] b% avrbitn rary. ¢ codimition
ASDT =|Awy /DETA]
13



l11. Restricted solution: Y(#)=0 (dt°0), This restriction
el Iminates one of the normal equations and amounts to sfrik{né out
all quantities in equation (IB)'Théf have "4" in the subscript.

For convenience, define auxi i fary varlables To simpllfy the

expressions for the soluf:on ot the 3x3 normal equaflons

All = Al2,2) % Al3,3) = A3, 2) % A(2)3)
Al =A3)) % Al2,3) — Al 1+ Al3,3)
Als = A)» A L) — A1) = A(2,2)
AL S ABLFALL3) — AL #A33)
Az2= AlLD=A(33) — AlRD* Ali)3)
A23 = AGD#ALL) — AULD ¥ A(32)
Azl =A2)#A(2)3) “/\(?—)2—\“‘/4 (h3)
A2 = Al *A3) = AlLD*A(R3)
A33 = AL *A(Z2) —ARD+A(L2)
CETA = AU +A)] —:LA(;L)])*-'Az). +A(31) *A3]

%



Then, solving the 3x3 normal equations for the corrections VY (1):

Y() = (BUYRAI B2 ALl + B3I #AZl ) / DETA
Y (2)= (B »AIZ+B(2)# A22+ B(3) #A32) /DETA
Y (3) = (BO)#AI3TE (2% A2+ BI3#A33) /DETA

7y =0

The moduli of the elements of the principal diagonal of the

Inverse matrix of coefficients of the normal equation unknowns can

-be written:

AsDX = | AN/ DETA]|

ASDY =) A22/ DETA|
A5D251A33/DETA}

ASDT = [ bv a*rbli-va."mj a{é-f-mxfwm'

V. Restricted solution: Y(3)=0, ¥(4)=0. These restrictions

eliminate two of the normal equations and strike out all quantities In

equation (I13) that have "3" or "4" in the subscript.

Soiving the 2x2 normal equations for the correctlons Y (1),
Y1) = (BU)#Al2,2) = B(z) # Al1,2)) / DETA
Y2y =('A(L1)*B(2) = Alz,1) % B(1) / DETA

o

7(3) 0
DET A= Alhl)*Al22)= Aln1)*All,2)

' and Y (4}) -0 where

‘ ;‘5'



The moduli of the principal diagonals of the inverse matrix of
the ma'rrl; of coefficients of normal equation unknowns can be

written:

ASDX=|A(22) /DETA]
ASDY=|-Al,)) /DETA]

ASDZ =}vo , tfor convenience.
ASDT = /. O , for convenience.

16



Miscel laneous Computational Routines

Calculat io.n‘ of Epicentral Distances

Richter's method for calculating short distances is used to
determine epicentral distances (in km). Let (po)>\° and @{:) 7{4'
be latitude (N) and-!qngl'l'ude (W) of the epicenter and station i,
respecﬂvely; Let QR be the number of kilometers per minute of
latitude and PP be the number of kilometers per minute of longitude
at tatitude (®*9)/2 | Then the distance of station | from the

epicenter is approximately:

| 2 | | 2. 7
A = \1[60.046?}7* (A;—A,)] 4-[60:0 »QQ* (D~ @o)]

where A¢ Ao, @; v Qo are in degrees and A; Is In kilometers.

8 Q and = PP . where 0= (PL-+47°) vary only slowly with latitude;
PPP( = g= LLE ) vary only y ;

so appropriate values of 8@ andPPP (obtained from Richter's "Elementary

Seismology") for the location of the seismograph network are read in

as parameters.

The azimuth of station | from the epicenter can be obtained from

the equation: ,
tan A% = PP%(i-Ae) |
| QQ*(@C*(Oo) :

The proper range of the argument AZ‘: (between 0 and 360°) can be
ascertained by considering the signs of the numerator and denominator in

the foregoing equation.

‘Calculation of Km-Grid Coordinates

In subroutines PREHY and VELAZ It Is convenient fo express the

" locations of stations (and prel iminary hypocenter in PREHY) In carj‘esiah

17



coordinates. 'For this purpose portions of the Richter short-distance

calculations are used.. .The km~grid coordinates of station | are: -

XHg = 0-0%PH>*(Ai=)v) km wes? of Cpf‘,l'r?
Y‘.H(‘ :’6000,{&&*(0‘:’(003 Kwm novth of’ @f‘)k"?"

where (.01-,),. are coordinates of an arbitrary point in the region of

the network chosen as a "reducing" latitude and longitude and PH= ?PP#COS(PMM.
(p“eaw\ is the laﬂ'rude of the earliest station. _

The azimuth of station | from the earliest station (station "near")

. can be obtalined from

tan &, = _>E‘”‘: — XHnear
' YH(.' - YHnea.—r

where the appropriate interval for & (between ) and 360°) can be

deduced from the signs of the numerator and denominator.

Selection of Special Stations for Initial Estimate of Hypocenter or

"P|ane-Wave" Solution

Both the main program and the VELAZ subroutine require an initial
approximate solution from which to proceed by successive adjus‘hn_enfs
to a final soluﬂc;n. If the initlial estimate is very poor, the
adjustment routines are prone to fail; so It is desirable to obtain
reliable first es‘l,fimafes. Because the ine‘thods used to calculate these
esﬂma?es Involve ia;acf soluﬂons for only three or four stations (with
an oversimplified imodel in PREHY), success depends on a good choice of

this limlfed set T s‘taﬂons.

g



Some of the elements affecting the selection of stations are:

I. Early stations tend to have clearer; more certain, arrivals
than late (more distant) ones.

2, Computations based on stations clustered too closely together
or lying along or near a straight line tend to be strongly affected by
.sqall errors in arrival time. |

The procedure actually employed is as follows:

I. The stations with P-wave arrival weights greater than 0.3 are
ordered in terms of increasing arrival time from the first to the
~ KOLT'th. KOLT is a parameter on the input Vist.

2._ The stations lying farthest toward the right and farthest
toward the left of the line joln{pg the first and the KOLT'th station
are identified. |

Sa; In PREHY the flrsf; KOLT'th, and the two stations identified
under 2 above are the stations selected for the determination of the
preliminary hypocenter. I[f only three stations are available; they
are the ones that are used. - |

" 3b. In VELAZ the firé?;KOLT'fh,and the station farthest from -

the line {under 2 above) are selected as the three stations for the

calculaffon of the lnifial plane-wave solution.

19



“Calculation of the Preliminary Hypocenter

(Subroutine ‘PREHY)

Our earth model' will consist of a uniform half. space with constant
P-wave velocity V. A km-grid-cartesian coordinate system will be used
b

to specify poslﬂon.l Hypocentral paramefers are X, ,W,, Z, » the

Iocaﬂon, and ¢, , ;l'he origin ﬂme. S'raﬂon parameters are X¢, ‘j.., )

the location; and ’BJ , ¢, and (s-—p)‘ , the P- and S-wave arrival ﬂmes

and the S-P interval; T (=F:~%o) , the P traveltime; and D
the hypocentral di sfa nce.
Our fundamental equation (Pythagoras) is T;*V = D¢
We shall consider three cases as follows:
a. Four stations available.
Eliminate Z, by differencing station equations pair by pair
and noting that Z;"Zf' < . Solve the resulting three equations

for .Xo)léo , and £, . Substitute XD) o and £, in the "near"

station equation and solve for 20 . If 2, is less than /2 the epicentral

distance of the near statlion, set 2-0‘-'_ ZTR «

b. Three stations, with at least one measured S-P interval available.

Eliminate Zz, by differencing the 'fhree equations pair by pair
and solve the resuiting two equations for X} and %o in terms of T, ,
: 'rhe P-wave traveltime to station 1 (the nearest s?aﬂon). Compute the

origln 'Hme from avallable S-P data:
2[?-—[.37(5-?)] wllence. T;-"-Pa‘to .

Subsﬂfu're T, ln'fo fhe equations for X. and Y, (in terms of T, )
to evaluate ¥, and '&o o Set Z2,=ZTR .

{

10
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c. Three stations, without S-P data to establish Z, .

Proceed as under b to evaluate X, and l?,, in terms of 7, .
Substitute X, (T.j and ‘*Jo(T:) and 2,=27R into the original |
station | equaﬂo:i and solve the resulting quadratic for 7, . Substitute |
the two roots, suécesslvely; Into the quadratic and select the one that "
satisfles it. ijhe "residual® ( AT; %8BT, +C ) is less than 0.00i, -
use that root for!T{ I f no‘r,. transfer to the routine that p!aces
the hypocenter at|the eat;l lest s’fa’fion..» |

a; Four sfaTlons.

The fundamental equations for station | through 4 are

e )""’[(%“do)l*(zlfzo)z =v*(B-%,)"

2 (x"‘x").z';-(% "'7’)" + (.z;z’zo)zz' v* (Pz"to) z

3 | (x s—xo')‘% (73—70) ‘f(za—zo)‘—.z v"(é,—fo)Z-
4 (Xdq=-%Xo)* + (Yua4o)™ f(24";2o)i= V%(ﬁf-i;o}L
By deﬂnmén to=P =T, : It is easy to show that ‘
(-to)*=(P~to)* =27(P,-P) +(Pu-P))*

(?3 "to)z' “‘(Pl ~ts)* =2T, (Ps"?l)"‘(?;-?:)"
-_(p'# ,‘to.)z'—(?.—to)" =_g;r" (Rr'ﬂ) +{(P4-P)2

. For simplicity, let
-y (N X
T;: = X{ + ?,‘, +Z

Subtracting equation (1) from equations (2), (3), and (4), we.have

2|



B0 Ko FR U Vo w2 (2220 2 L = 1 VTR R+ o]
L(X;-X;)Xa 4’1(%\‘5 ‘j—)‘?o—f-'L(Z; ')Zo—n—r V’L[Q*T(%“?>+(P3JP)LJ

L(XQ‘XI)Xa +2-(7q"‘3! Yo t ?.(Zq.‘b)?a :’V‘H,—'V,‘ —AV [ﬂ.T;(‘P»'—P,)-;.(?*_B)ﬂ ,

Since Z.-2, 2 0 2’3"2)—\.0 +24-2,"’0 the terms
in Z, can be neglec'l'ed

Thus,
: (Xz.-x.)x(,+(7f«;,)«ao+(i’ RV, ..-[-r, = VE(RP )]
(Xa=x)X, + bas—e;)70+(1’3 P.)v y [*G-h Y (Pa"Py)]
(X4- x.)x.-r(';n-';:)b;o-/-(ﬂ—ﬂ)v T= [n "fﬁ - VB-R) ]
Set | |
Q= (X, x.),an.-w v,'),a,a (Pi-P)\/* »37—9.*‘:-? v (7 ﬂ):’
@y 25K, Gz (434p), Qs ,(P,,-P,)v = ,_[‘r;-r. ~V(B-rY]
Q3 =(u-%), Aan= Yy-4) Qas—(ﬁy*Z)V)}szi[ Fetiey (&-B)‘]
Finally, |
a )@‘*Qn.l;;, +a,3 T, : Ay
Qi Xo +an'a; +a23T) = Ao
Asi Xo +Qsxto + A3 T) = A

22



Solve for Xp , U, » T, by Cramer's rule.. Then %#,= P =T,
Substitute X, , ‘3’0 » T, into the station | equation |

N\ a—z . ]
Zox \lv"h —(Xi=X) = (415495) "
I Z,s0 computed is imaginary or if it.Is less than half the eplcenfral

'dlsfance of the nearest sfaﬂon, set 2, ,zTR. :

| b. Thrée ‘stations.
(Xa-‘x')xo-i-(e}r‘;h)‘jo +(Pp- P.)v T = [n -V (Pc?») ]
(X3—X~)xo+(%3"’} Do +(Py-PIV'Ti= —[r_«,-*n (AP ]
Solve these equations for X,.and ¢, In terns of T, , and set
RP2 = 4 [ra-vri-v Vi R-R)*]
RP3 = % [gr:—'*n‘—-'v"( P-R)*]
DET3 = (Y= )(AaXi)— (I?g_—»l?,,)()(y-)(,) N

xo = CEURPZGAORES. 4R R)—(yg) (&—'{L T"
057’3 | DETB

Yo = (Xz"‘Xl)RP3 - (X‘s“XO)R'PZ [(x,, =X)(Ps=P) ~(X3=X) )(Po- P_J % T
PET3 'DET 3

Then we can write

x IG-,T +G- :
YYo= !G':&T.I +6“}'

13



‘where Bg},_ ) (P-P) -—(‘33“’(} (P P:)]

DET3
- C,z; (43-41) RPZ — (42~41) RP3
EE DET 3 |
. 6’3 - [Zh*xt NP=P)=(X2=X (7?3'?))] vZ
* " DET3
G o OB RPS = (X3-X) RP2
DET 3

1 £, is available trom S-P data; i .0 . 1f £,=0RGS,
calculate X, and: %o and set 2o __"tTR
If £o is not avallable, set2=ZTR and substitute X, and 'j‘o (in

A

terms of [, ) Info the station | equaﬂqn
Gn,—’ﬁ"ﬁ’ 6¢Ti +6,= 0
where
Gs = (¢ FrEE-vE)
Ge =-2.[61(%-6)+ 65 (7,-0—4)]
G7 = (Xi-G2)* +(q, 6a)* +2TR"
| Set G-g.':. G’:.—‘I'G'S'G“} |
Gy= NGy
The two roots of the quadratic are
- G¢- Gy
N

[N SP—

TIM =

TP = —G+6
U



Substitute T!M and T} P, ‘successively, Into the quadratic. Select
the root that leaves the smal lest "residual¥ and test whether that
residual < 0.00i. If so, set T, equal to that root. If 'no‘r,‘ go"l'o

the routine that places the hypocenter at the nearest station.

25



Cachla?lon of Traveltimes, Derlvatives, and

" Angleés of lngidence

(Subroutines TPAR and TRVDRY)

Program TRVD?V, on which these subréufines'are based, was designed
to calculate *ravﬁlflmes and derivgfives of traveltimes with respect
to epicentral d!séance and focal depth for events in an "earth" consisting
"of N=I flat Iayeré above a homogeneous halt space. The earth model ls '
descrlbed by the depth to the top of layer L and the P-velocity in
: Iayer L; f.e., by D(L), V(L), L = |, N, where the index N refers to
: the half space.

The course of the program can be outlined as follows:

I. Determine the layer, J, that contalns fhe'focus at depth, H.

2. Determine which of the several possible waves (direc?; and
refractions frém successively lower horlzohsi is the first arrival at
- distance DELTA. |
3. Calculate the traveitime and derivatives by an appropriafﬁ'
 method: for refracted waves these calculaflons are straightforward, but
for the direct waves a numerical solution must be employed;

Because the traveltime, derlvafive; and angle of incidence
calculations are a critical central part of the hypocenter determination,
" these subrouflnés are treated more‘fhérqughly than other subroutines in
- the program.. This wrlfeup‘descrlbes a somewhat more elaborate version
- of the subroutine that constitutes a self-contained program as well as
a test of the program on an actual earth model (the 3-layer "Hawali a"
structure). lf is hupplemenfed by an lndependenf flow chart and 8

. FORTRAN Ilsflng of Fhe TRYORY program The variables used in the program

26



|

and flow chart are identified in the ‘accompanying list. The same

notation will be uséd, generally, in the following section of the wri+eup,
which ouflines the mafhemafical formulafion of the program and d!scusses
some of the principal probiems that must be solved. The notation used

in this section Is nearly identical ,(buf not exa,c'rly) to that used in
HYPOLAYR and its subroutines. |

T}avelﬂme of Refracted Waves

(See Sketch A)
The traveltime, to distance DELTA, of seismic waves from a focus

in layer J that are refracted along the top of layer M can be written:

T = TINJ(M) + DELTA A/m) E :
The Intercept, T IN J( M) ’ éan be wrl'l'"lfen:

TKT »cos &)
V(J)
where TID(J,M) is the Intercept of a wave with its focus at the top

TINT(M) = TID.(J,M) -

of layer J (at depth D(J)) that is refracted. along the top of layer

M (at depth D(M)). : S ' g
Finally,
M—'I\’HK(L)' co @-“' & HK (L) 9.
®CO5 THIK(L)*CoS
T1 = 3 +Z
TID(GM) 2w )

‘In fhese equa'l'lons. 9‘* Is the angle of lncldence in Iayer L oi a wave .

that ls refracfedi_horlzonfally in layer M.

2.7



Skeieh A

No-éa:lla:m used fo s]oecc-fj model

<
N~
o
e ~
% Z
~ 4
¢ = ey
DELTA —> 5 o =
—D() !
/ f ]\ \/(:)) THKUJ
D) &)
H - — - ee e ‘7!‘__ —-— ) _,/._ — y —
Jolty) I3 L ' ‘ VUT-1)
- “—F"c”s—*‘ V(T) THK]
Dig+) ' &Ry
o~ v (M=1)
DM) V(M)
D(N) ' ' ' el
viN) —
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Cel+ical Distance (Initial Point) of Refracted Waves

Analogous equaﬂons‘ can be written for the distance ‘l'o the initial
point (distance of crlﬂcal reflecﬂon) of the wave from a focus at

dep+h H (in fayer J) that is refrac'red along the ?ap of layer M.

DIDT(M) = DID(J,M) - TKJ*i’an o) , and
- |

DID(J,M) = fTHK(L)*tan@J gr}m(b) +Tan 9;3\
) L= J L= '

where DID(J;M) Is the crlﬂcal distance for a wave with a focus at
the top of layer J (depth D(J)) that is reflected from the top of
Iayer'M (depth DeM)).

For waves that are refracted along or critically refiected from

the top of layer M, the angle of incidence in layer M is /2.

Critical Distance and In‘('ercep'r'Formulas'ih Terms of Layer Velocities

‘and Thicknesses

From Snell's law | -8in 9’:: = %%%) . //ence,
. b-._ . . 2 . ' // 7 (M 1_v f’
cos Bh= (1= V)" = W o e

ta.n@ V(L)/\/V(M) V(b | L,

The expressions for TID(J,M), DID(J,M) TINJ(M'); and DIDJ(M) can
be written:

- mel
o VM =viL)T V=YL~
T _ ,THK(L)*\{ VM) =V(L) Z HK(L)#
PHM) ; V(M) #»Y(L) i) V(M) * Y (L)

29



'DID@M)= Z

M-l M=
THK L)%V (L) +Z THK (L) % V(L)
. -\TvV(M)z' Y(b vV(M):L V(L)').
TINT (M) = TID(J'M) R \/(:r)='
VM*V(F)
T KT *V(J)

DIDJ‘(M) DID(I M) - TKJ*

S\ V) = V(T

In these equations, TKJ s the depth of the focus below the top

of layer J,

le., TKI = H - DWJ).,

Traveltime of the Direct Wave

The 1'rave|1'ime of the direct wave to distance DELTA from a focus

in the first layer Is simply:

T= \_}H°‘+DELTA" /(1)

For a focus in a deeper layer (J = 2, N) the expression for T as

a function of DELTA is too complex to be useful, if it can be obtained

at all. Hoﬁever, both T and DELTA are relatively simple functions of

slned- , where eJ is the angle of incidence of the ray at the focus

in layer J.

|
In the program "DIRECT", a simple method for determining sin®y

and then calculaﬂng T for any specified DELTA was developed. This

routine is employTl in the present program to compute the traveltime of
the direct ray to distance DELTA forJ » 1.
|
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Maximum Distance at Which the Direct Wave Can Be a First Arrival.

(See Sketch B)

Because the traveltime of the direct wave is more time-consuming
fo'calculafg than the traveltimes of refracted waves; a preliminary
test Is made to determine whether DELTA Is beyond the range of possible
. direct-wave first arrlvals; Consider a focus at depth HAfn layer J.

At large DELTA the direct wave Is asymptotic to the refraction line

for a focus at the very top of layer J; but the direct wave is always
later than the asymptote. Let the crossover distance between the wave
refracted along the top 6f J ffcm a focus at the top of J and the wave
refracted along the top of J + | from a focus at depth H be XOVMAX. L
Then the crossover between the direct wave and the refracted wave from .
J + 1 will be smaller than XOVMAX, and the first arrival at DELTA
larger +han XOVMAX must be a refracted wave, L < N

Because the Initial poin+ of the refraction from layer K +1is
coincident wlfh the critical reflection from the +op_of K+ 1 (or the .
bottom of K) and becadse the reflection from the base of K must. be
later than the direct wave (if K =J) or a refracted wave from the top
of K, fhe-inl+lal point of the K + 1 refraction curve must |ie above
the K-refraction curve lor the direct-wave curve if K = J); Hence,
..for DELTA greater than XOVMAX and J < N the first arrival must be a
refracted wave récérdeﬂ beyond its Initial point.

‘Determination of Which Wave ' Is the First Arrival at DELTA £ XOVMAX

For DELTA léss than XQVMAX the first arrival may be the direct
wave: so- the fra*alflme of the direct wave must be computed and
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Sketch to tllustrods discussion

of XOVYMAX, inttial pout, and
cretical distance :

. DIR

Tmnm)-—;;f T e
.3

| TR

TIOGI)— =~ - :

!

KOVMAX.
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compared Qlfh the fravel+lmes'6f pbsslble refracted phases o establish

which arrival is earliest. In this range of DELTA, however, it must
'.be estabi Ished *%af any prospecflvé réfrac+9d first arrival ‘actually

exlsts at the sp%ciflc value of DELTA considered; l;e:; Is DELTA beyond -

the initlal polnT of the refracted wave?
!

a ) . .
Derivatives!of Traveltime with Respect to Epicentral Distance

'

' and_Focal Depth.--When the nature of the first arrival at distance DELTA
‘ - * . N
has been estabiished, the traveltime of that arrival is set equal to

T and derivatives of the traveltime with respect to DELTA and H are

[

computed by methods that are appropriate for the first-arrival wave

type. .. . '
Derivatives of refracted-wave traveltimes with respect to DELTA

and H.-=For refracted waves, by differentiation of:fhe'equaflon for T

as a functlion of DELTA and H:

!
| 'aT/aD;LTA = Jm)
3T/oH = — VVMP-V(@*
Vim)*V(J)

Derivatives of first-layer dlrect arrivals.-=For the direct wave

through layer 1:
- dT_ _ _DELTA -
DELTA — v/(1)#\ H*+ DELTA*
2T H
BH = VO)*\Hz 4 pELTA

. 33



Derivatives of direct-wave traveltimes: J 2> 1.-=(See sketch C.)
Because both T and DELTA for the direct wave from layers beiow the

first can be expressed in terms of the parameter sin 1=

2T
3T 3 sin®y
DELTA NP oA
d5Lin oy
3T
2 DELTA

. (V@22
TRIU/ (V@)= (1 o_“z)3/z) + Z THR(L)EV(T)*U /(vu.) sz_uz), )

K3/ (10~ IO VG VD 2\
> IHK(b)* )/(V(b (48.- ) )

~ where

U= SL.I? _93'
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ol

Nexf we mus+ calculafe = for the direct
2 R lpara

arrival from llayer J

Letting | u = S(nB;, and h = TKI = H = DW) , and DELTA =4,
J—

72 P > THR(L) %V (J)
V(TN o=u™ T3, 2, (VOF - 2\
(Dlo=d™ Ty vyt (VX g) |
| -1 -
A= Al S THRUW U
%= - Z /2,
lL.o-y* L=l \G?Z)z. "(1) .

 Holding U = stn®y = const,  Increase h by an amount h. The

' corrqspondl.ng changes In T and Aare

2T, |
5T, = -a—],u*éﬁ—
SA'_-’b_j\- » 5H

Nex'r changeu by an amount du, holding h constant so that ‘the
change in A, 5A,~ , Is equal and opposH'e to that caused by fhe previous
change in h. '

| C_ A | b =-8A
6A9. -a.a-**éu sa-lu*é‘“ 4'
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i Thus, the required &U is:

_ _ 34 |
SH-_—'-—B—A-——'A—*S%-

i

The corresponding change In T is

L T
§Ta. = 343 SU

Substituting the| previous expression for &l

57;_--214.* 352"’“ * SA

ou ___(
VAR )
. The total change| InA, 1.e., 5A,+3A1=0 , and fhe total change
InT is .
oT|  3Fh
éT $T, «ST,_._a}‘I *5«“ au‘h 'BA"“ + 6
- aT aAI

T | - 25 24
We have prevtously calculated

Sl 2%

BA A
2,

3T _?_T., _..?I./. 28 ¢

.;;"lA-a,au 24l Mlu .
Bt 2T) - L 26, U

oAy~ voWlo-a* 7’ 2= {o—u
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T Lo U

2hia  V(Dx\Too—uyr — VIo-g’
Thus ;
g_v_-_, 1 /.o—’w:r)*u*%%[x
ohia T
I
1

V(Z)*\To-y>"

in fhe*nofafidn used In the FORTRAN program
i . '

§ 0= V( TDD
DTDR = ho=Vv(J)*U > D
- YUI)*\1Lo-ur

1®

oT
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" Notation Used in the TRVYDRY Program -

HIN
DELH’
MAXH
KREC
N
VLY
D(L)
DELTA(I)
THK(L)

TID(K,M)

DID(K,M)

H
J

TKJ
TINJ(L)

DIDJ(L)

TR(M)

initial focal depth

_3Incremenf In focal depth

)
)
) .
B ~) Used In test of
maximum focal depth ) program
: ) .
)

' total number of stations considered

| number of layers plus one

P-velocity in layer L

~!dep'l'h to top of layer L

epicentral distance to station I

#fhickness of layer L

(lnfercepf of refracted wave from a focus at

! boundary D(K) and refracted alqn§ boundary
DM); M > K;

critical distance of refracted wave described above;
I.6., epicentral distance of the Initial polnt of
the refraction cufve. |

focal depth

layer confalnfng focus

distance of focus from top of.layér J

intercept of wave from depth H (in layer J) and
refracted along boundarf D(L); L > J

critical distance of wave from dépfh H (In layer J)
and refracted along D(L);

traveltime of refracted wave from focus.a* depth H

to distance DELTA(I)
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TMIN= 999.99. "

XOVMAX
D

DTDD(1)
DTDH(I)
MODE(I) = 1
Tl
MODE(I) = 2

XBIG
XLIT

UL
’UB
DELBIG
DELLIT
XTR

arbitrarily large traveltime for use in scheme to

Identlfy first arrival at distance DELTA(I)

‘"safe" estimate of ma;imum distance at which the

first arrival mjgﬁf be the direct wave
traveltime of wave fro'mv focus at depth H to epicentral
distance DELTA(I)
2T(I)
?T(I) / OH

/ ODELTA

Identifies "refracted" arrivals,

. fravel‘l'.ime of direct wave from a focus in layer 1.

identifies a direct arrival from a focus in layer 1.

upper |imit of Interval containing the point at
which the direct wave from.a focus inJ leaves
layer. J

lower iimit of Interval containing.the point at
which the dlrécf wave from a focus In J leaves

layer J.

value of sin®; computed from XLIT

value of sin®, computed from XBIG

value of DELTA corr;spondi_ng to XBiG

:Jalue of DELTA corresponding to XLIT

trial value of X, ‘the epicentral dlé‘l‘ancg at which
: the direct ray leaves layer J

value of sin®; computed from XTR ( ©; = angle of

incidence in layer .
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T3

DELXTR the value of DELTA that carresponds to XTR

TEST = DELTA(I) - DELXTR |

LL !feraflén counter In loop to find XJ, shwE%., etc.

‘TOC asymptote approached by TDIR when DELTA(I) >> TKJ

MODE(I) = 3~ Ind;cafes direct traveltime and derivatives calculated
on the basis of TOC for DELTACL) >> TKJ

ALFA Sums required in the calculation of DTDO(I) for the

) .
)
BETA ) direct wave
MODE(I) = 4 Indicates direct arrival

TOIR ‘ . traveltime of direct wave

ol



TrAvORIY
READ N, HIN, DELH, #MAX '
(V()'.)) D(L')),L';/)/\/) J-

KREC (DELTA(L), L=1,KREC)

N
) THK(L) = D{L+1)—D(L) [
L=, -]

Sz

DID(}],1) =00

A

FlLovw ey AR

R K-
Sumi = Z - THK(L)%\{V(M)"-V(H):. /V(M)‘X'VU-)
SUMA = Z THK(b)xV(L) /\} VeI ek

Sum 2= Z -rmq,,),.\\

ML) NIV L)

SUMB = ZL_ THK(u)*\/(Lc) /NIy

TIDIMM) = sum.)

DID(MM) = SUMA ?K"M K=2,N

TID(’)M) = 2 SUmL < =)

PLOIm) = 25umMB 3 mz=2,N

TIO(KM) = SUM] +2SUML kz2,M~l
L OFD (K,M)= SuMAFrRSUMB  § M=pp), IV

[H= HIN}

:__;® —3[ L = 0 |

lz.. =p—rl]




4

[ TINTCs) = T10(J,L)-TKT %\ V(u)*-¥(3) /\/(u)’e v(J)
DI1DJ(L) = DID(J, L) =TKT * V(T) VL=V~

L=

J+i, N

e

XOVMA X = V(@) V@) HTINT(T+1)=T10(3,J

)raer-via)|

M =

J+l, N
J/

K= M
TMIN =TR(M

\

e




wif

T(I) = TR(K)

DTOD(T) =10 /V(K) '

DTO A= =\ =VIay*/ Vi # VI3
MO-DE(I) =)

TDIILTMIN,

T(L)=TDJI
DTpD (I)= DELTALL) /Y (1)% H“--I-DELTA(I)Z’
DTDH(I) = H/vu)*\] H2+DELTA (1)

- MoDE([R) = 4 |

anE——




C) us

XBIS& = DELTALIL)
XLIT = DELTA (I)*TI(J'/H

UB = X816/ X816 +TkT >
UL = xbzb/\jxu-r*nkaﬁ

=1
DELBISG = TKI*xUBAho-up® -r-Z KL *H%w-

NI
DELLIT: 1<:rm1./q'—-—,o Ky 2_ THK(L)*LN,/\} VIS
VL) )"
@"" ' N Lu =1t
XTR = 0»5x(XBIG+XLIT)
—
U=XTR/\|XTR*+TKI* ,
A\
XTR = XLIT+(DELTA)- DELLIT)%(XBI&-XLIT)/@ELBI&'DE/-LIT)
U= xTr/Y x-rn,"--rrka’“"
DELXTR-TKJ%M/\]/ o-U* + irﬂku.)*u /\] V( 52U .
Vib
_ W
TEST = DELTA(L)— DELXTR
|
o ‘
XBL&= XTR {—>—1<— XLIT =XTR.
!
; 7
| Y
\

/




Hé

T(I) =TbhC
DTOD(I) = 1O /VIT)

DTDH(I)= O
MODE = 3

. -3’02.

O

— _ i ‘
T?]R =TKI ) To-0 ™) + Z’);i_jiklb)a‘\/(J) WW\((V(J’)‘ “3)—14‘ ‘




"7

T(IL) = TDIR

()2

. L\3/2
BETA = TRIUAMTM(10-u?)™ +Z:'Hl<lh)*v(t77=‘u/</(h) (\’,‘}f U]
' ) ) =l :
DTDD(I) = BETA/ALFA

DTOH(I) = ( [.0 = V(T)xu DTDD(I))/(V(J)*\{—L -uf-’)
| MODE(T) =4 |

ALFA= TKT/(].0-4*)"= +£Tm<u.> \/(J)/\/(L«)*(\——-L— e

WRITES N, 4, 3,TT ( Dh), VL), k=)
(I,0ELTALL),T(L) DTDD(T), DTDH(Z))
MODE (L), I=1, KREC)

' 0

YES

H=H+DELH

OR
’ ( sToP )




//TRAVORIV JOB (C 43
// EXEC éORTHCLG F

/

TRAVDPBV Lrstipng (BOD intevpyetes

753,3 M VELX
ORTX :ﬂ ‘SGLE ELx1

//FORT,SYSIN DD »
€ TRAVELTIME AND DERIVATIVES ° Ne=1 LAYERS

#E

: 20
- DO 50 K=2,N}

500
505

510

DIMENSION V(10),0¢10),THK(10)»TID(10510)»TINJC10)»TRC10)» -
1010(10:10):DIDJ(10)»DELTA(20):T(?O)pDTDD(ZO)aDTDH(ZO)oMODE(20)
SRTBK(X»YsZ)=SQRT((X*X)/(YRY)=(Z*2)) , e
READC5»500)INsHINSDELH, HMAX ‘

FORMAT(IS,»3F10,3)

“READ(5,505) (V(LI»DLL)»L=1,N)

FORMAT(2F10,3)

READ LIST OF DELTAS FOR TRIAL CALCULATIONS

READ(5:510)KREC:(DELTA(L).L-g,KREc)
FORMATCI5,(5F10,3)) -

- COMPUTE THK(L)

THK(NI=0,0

- 00 10 K‘Z»N

10

L=k=1 N
- THKC(L)=D(K)=D(CL)-
CONTINUE '

COMPUTE INTERCEPTS AND CRITICAL DISTANCES FOR BDUNDARY'ﬁOC{'

TID(121)=20.0 -

DIpC1,1)=20,0

Ni=N=1 . :
DO 15 M=2,N _ . !
Mi=M=1 A . ‘ : T

SUM1=0.0

- SUMA=0.,0

12

15

18

DO 12 L=g,M1 :
SuM1= SUM1+THK(L)*SQRT(V(M)*V(M)-V(L)*V(L))/(V(M)tV(L))
SUMASSUMA + THKCL)I*VCL)/SQRTC(VEMI*V(MIaV(LI*VCL))
CONTINUE _

TIO(MsM)SSUML

DID(MaM)SSUMA

CONTINUE ‘

DG 20 M=2,N

Mi=M=1 I

SUM230,.0

SUMB=0.0

DO 18 L=1,M1

Sum2s= SUM2+THK(L)*SQRT(V(M)tV(M)-V(L)*V(L))/CV(M)tV(L))
-SUMB=SUMB + THK(L)*V(L)/SQRTCV(MJ*V(M)‘V(L)*V(L))
CONTINUE

TIDC(1,M)=2, O*SUMZ

DID(I)M)=200*SUMB

CONTINUE

KK=K+1
KizsK=1

DO 50 MaKKsN
Mi=M=1
SUM1=0.0
SUM230.0

- SUMA=0.,0

SUMB=0.0



3o

50

PO 30 L=1,K1
SUMISSUMI+THKCL)*SQRTCVIMI*V(MI=V(LI*VCL)I/CVIMI*V(L))
SUMA=SUMA +- THK(L)*V(L)/SGRT(V(M)tV(M)-V(L)*V(L))
CONTINUE !

DO 40 L=KoM1 ,
SUM2=SUM2+THKCL)*SQRTCVCMI*V(MI=VCLI*VCL))ZCVCMI*V(L))
SUMB=SUMB + THK(L)I*V(L)/SQRTCV(MI*V(M)=V(L)I»V(L))
CONTINUE

TINCKsM)=SUML1+2,0%SUM2

DIDC(KsM)I=ZSUMA+2,0+SUMB

CONTINUE .

C CUMPUTE LAYER CONTAINING FOCUS AT DEPTH H AND DEPTH TKJ OF FOCUS
C BELOW TOP OF LAYER J

51
53
55

56
57

HaHIN

L=0

LaL+l

IFCL «GTo NGO TQ 56
JIF¢DCLI=H)S53,53,55
J=L=1

GO TU 57

J=N
TeJ=H=D(J)
IFCJ +EQ. NGO TO 61

CCOMPUTE THE INTERCEPT OF WAVE FRDM FOCUS IN LAYER J AND REFRACTED
€ ALONG THE TOP OF LAYER L

58

00 58 L={,N
TINJC(L)=0,0

0IDJCL)=0,0

CONTINVE N

JusJd+l

D0 60 L=jyJsN

TINJCLI=TIDCUsL) - TKJ*SGRT(V(L)*V(L)-V(J)*V(J))/(V(L)*V(J))

 DINJCLI=DIDCJI,L)" TKJ*VCJI/SQRTCVCLI*VLLI=V(JI*V(J))

60

CONTINUE

C COMPUTE DELTA BEYOND WHICH ALL IST ARRIVALS ARE REFRACTIONS

61

XOVMAXZVEJUI*VCIINCTINICIII=TIDCISJ)IZCVCIII=V(J))
CONTINUE

C BEGIN CALCULATIONS FOR OEPTH H AND DELTA(I) I'lpKREC

D0 300 I=1,KREC

¢ dETERMINE WHICH BRANCH OF THe TT CURVE CORRESPONDS TO DELTA(I)

90
100
102

104
106

108

49

00 90 L=1,N

TR(L)=0.0

CONTINUE

IF¢J +EQ, NIGO TO 215

00 102 MsJJsN

TR(M)= TINJ(H)*DELTA(I)/V(M)
CONTINUE

TMIN=999,99

M=y

MM+l
IFCTR(M)=TMIN)106,106,108
IFCDIOJC(M) ,GT., DELTACII) ¢O YO 108
K=M

TMINSTR(M)

IF(M oLTe N) GO TD 104



IF(DELTACI)=XOVMAX)
€ CALCULATE TT AND DERIV S

120 T(1)=TR(K)
DTDOCI)=1.0/V(K) .
DTNHC(I)= -SORTCV(K)*V(K)'V(J)*V(J))/(V(K)*V(J))
MODECI) =1

‘ GQ TO 300

. C COMPUTE 71T OF DIRECT WAVE THROUGH LAYER J

202 IF(J oNEe« 1)GO TO 215
TDJ1=SQRT(H*H+DELTACI)*DELTACI))/V(1)
203 IF¢TDJ1~ TMIN)205:120p120
2083 TCI)=TDJ1
' DTDD(I)=DELTA(I)/(V(1)*SGRTCH*H+DELTA(I)*DELTA(I)))
DTpH(I)= H/CV(1)*30RT(H*H+DELTA(I)*DELTA(I)))
MODECI)=2
_ 60 TO 300 |

: 215 LL=0

. € BEGIN ROUTINE 7O FIND ROOT OF REFRACTION EGUATION

: XBIG=0ELTACI)!

2 120,120
WA

02, ' ‘
FOR VES RECORDED BEYOND XOVMAX

XLIT=0ELTACI)*TKJ/H
UB= xBIG/SQRT(*BIGtXBIG+TKJ*TKJ)
UL=XLIT/SQRT(XLIT#XLIT+TKJ*TKJ)
DELBIG=TKJ*UB/SQRT(1,0=UB*yB)

DELLIT=TKJ*UL/SQRT(1, O-UL*UL)
Ji=J=1 1
DO 216 L=1,J1
DELBIG=DELBIG$(THK(L)*UB)/SRTBK(V(J)»V(L)»UB)
DELLIT=DELLIT$(THK(L)*UL)/SRTBK(V(J)’V(L):UL)
216 CONTINUE
218 LL=LL+1
: IFCOELBIG=0ELLIT LTe 0.02) GO TO 231
XTR= XLIT+(DELTA(I)-DELLIT)*(XBIG-XLIT)/(DELBIG-DELLIT)
UsXTR/SQRTC(XTR#XTRI+(TKJ*TKJ))
NELXTR=TKJ*U/SQRT(1.0=U*U)
Na 220 L=1,J1
DELXTR= DELXTR+(THKCL)*u)lSRTBK(V(J);V(L):U)
220 CONTINUE
TEST=DELTACI)=DELXTR
IF(ABS(TEST)=0,02)235,235,221
221 xrcrEST)zzz.zss,zzo
222 XBIG=XTR
DELBIG=DELXTR
G0 TO 230
226 XLIT=XTR
DELLIT=DELXTR , :
IFC1.0=U LT, 0.,0002 «AND, LL +GEWw 10) GO TO 235
1230 IFCLL +LT, 25) GO TO 218
G0 TO 235
231 XTR30,5S*(XBIG+XLIT)
U-XTR/SORT((XTR*XTR)+(TKJ*TKJ))
235 CONTINUE
. IFC1.0=U .GT. 0,0002) GO To 238
C IF U 15 TOO NEAR 1,0 COMPUTE TDIR AS WAVE ALONG TOR OF LAYER J
236 TOCSTIDCJ,JI+DELTACII/ZV(Y)
IF(J +EQ,s NIGO TO 23?



IF(TDC=TMIN)237,120,120
237 T(1)=1DC : ‘

DTNOCI)=1,0/V(d)
ODTDH(I)=0,0
MODECI)=3
G0 TO 300 .
C COMPUTE TOIR FROM ROOT OF OELTACU) EQUATION
238 TOIRSTKJ/ZC(VCJ)I*SQRT(1,0=U*y))
239 D0 240 L=1,J1 . .
| TOTR=TOIR+CTHKCLI*#VCU) I/ CVCLI*VCLIYSRTBKCVL )P VLIS UD)
240 CONTINUE ,
IF¢J +EG. N)GU TO 245
243 IFCTOIR=TMIN)245,120,120
245 T(1)=TOIR
" € COMPUTE OTDD(I) AND OTDH(I)
: ALFAZTKJ/SQRT(1,0=U*y)en3
BETASTRKJI*U/(V(JI*SART( L 0=U~U)2n3)
00 247 L=1,J1 :
ALFA=ALFA+THK(L)*V(J)*V(J)/(V(L)*V(L)*SRTBK(V(J)pV(L)’U)**3)
BETASBETA+THKCLI*VCJINU/CV(LI*VCLI*SRTBKCVCJIoVCL)pU)2#3)
247 CONTINUE :
DTODCI)=BETA/ALFA :
DTDHCII=C1.0=VCJI*U*DTDDCI))I/CVCJI*SARTC1.0"U*Y))
MOPECTI)=4 ‘
300 CONTINUE . '
310 WRITE(6s530INsHsJs TKJ,CDCLY,VCL)SL=1,N) '
530 FORMATCLIH=»7X,2HN=513,5Xs2HHR,F74253X»2HI=,1322X»4HTKIZSFT 257/
110X:5HDEPTH:lOXnBHVELUCITY:/’(BXDF7.3’10XJF7.3))
315 WRITE(6,535)C1,0ELTACT)»TCI)»NTDDCI),DTOHCI > MOOECTI)»I=15KREC) -
535 FORMATC(1HO0,4Xs1HI,5Xs BHOELTACI), 10X, AHTCI ), ZXs THOTDDCI),
17x,7HoTuHcx)»7x,ruaoozcr),/(3x,13,sx.ra.a,ax,ra.s.axnra.api
, 26X,F863,7X513)) o ‘ L
C TEST FOR COMPLETION OF RUNS WITH DIFFERENT DEPTHS
320 IFCHMAX=H)325,325,321 '
321 H=H+DELH .
322 GO TO 51
325 STQP
END
/%
//G0,SYSIN 0D # . '
4 1,000 2,500 29.000
3,900 0,000
5,000 - 3,100
60800 11}200 :
8,250 14,800 : ‘
10 1,000 5,000 10,000 15,000 20,000
30,000, 50,000 80.000 100,000 150.000
R /* . s : . : : .
7

'6'/



IEF2851

LOANSET ¢ TRAVDR IV ODELETED
TEF2951  VvOL SER NOS= SYSC3
"1EF2851  SYSL1.FORTLIR. KEPT
[EF2851  VOL SER NOS= CAMP09.
IEF2851 - SYS2, XTRINSIC KEPT
[EF2851  VOL SER NOS= SYSOL
IEF2851  SYS1,UT1 : KEPT
IEF2851 © VOL SER NOS= CAMPQS8,
IEF2851  GOSET.TRAVORIV PASSED
IEF285I voL SER ‘NOS= SYSO03 , '
[EF2851 SYSOUT SYSouT
IEF2851 VOUL SER NOS=
//G0 EXEC PGM=#%,LKED, SYSLmno,conost(s.Lr FORT),KS'LT'LKED)! cnon
//FTO1FO01 OD DSNAME=SYS1.UT1,DISP=0LD,0CB=(RECFM=V) n303%
//FT02F001 DD DSNAME=SYS1.UT2,DISP=0LD,DCB=(RECFM=V) noeco
//ETO3F001 DD DSNAME=SYS1.UT3,0ISP=0LD,DCB=(RECFM=V) 2000
//FTO4FO01 DD DSNAME-SYS1.UT4'DISP=0LD,DCB=(RECFM=V) 0000]
//ETO5F001 DD DONAME=SYSIN 00001
//FTO6F001 DD SYSOUT=A 00001
//FTOTFOO1 DD UNIT=SYSCP . 0000
//FT13F001 DD DSNAME=SYS1.UTS,DISP=010,DCB=(RECFM=V) 99300
//GO.SYSIN DD * ' :
IEF2361 ALLOCe FOR TRAVDRIV GO
IEF2371 PGM=%,0D ON 330
IEF2371 FTO1FNOL ON 1CO
IEF237I FTO02F001 ON 330
"IEF2371 FT03F001 ON 330
IEF2371 FTO04FO01 ON 330
IEF2371I FTOSF201 ON 00C
IEF2371 FTO7TFOO1 ON 00D
IEF2371 FT13F001 ON 330
"N# & HE# 1,00 | J# 1 TRI# 1.00
. ] i .
DEPTH VELOCITY
o 3,100 5,000
[ 11,200 6800 .
! 14¢ 809 84250
I DELTAZIL T3I< DTODNZIL DTDHZIL MODEZ I
2 - ~ 5.000 1307 " 04251 0.250 2
I3 10.000 2.577 - De255 0. 026 2
5 29,000 4,834 0.200- -0.160 1.
6 30,000 6.834. 0. 200 -0, 160 1
7 50. 000 10,412 0.121 -0.226 1
I 9 100.000 16.473 0l.121" -0.226 1
L10 . 1504000 22,533 0e121 -0.226 1
NE & HE . 3450  J# 2 TKJ# 0.40
DEPTH VELOCITY
0.0 3,900
52 3. 100 5. 000



v 11.200 6.800

I DELTATIKL T2IL . DTONZIL - DTDHZIL MODEZI<
1 1.000 . 0.910 0.068 ' 0.188 4
2 5.000 le 511 0% 0.193 0.053 4
3 19.000 2.503 <ot 0,200 C.013 ¢
4 15.000 3.499 417 | 0,200 0,007 4 .
. 5 20,000 4502 a7 0.200 " 04305 %
6 30,000 64497 497 0.200 ' 0.0 '0'3:{ 3 +
7 504000 9,874 - 0.121 -04159 ) S
| 8 80,000 13,510 - . 0.121 -04159 1
"9 100,000 154935 ~ 0.121 04159 - 1
10 150,000 - 21,995 —__ 0.121 '=0.159 1
w T £3 - o
{— - N# & HE 6,00 J# 2 TKJ# 2,90 :
DEPTH ‘ VELOCTTY
0.0 : 3,900
3,100 . 5.000
11,200 . " 64800
144809 84250 ,
1 . DELTAZIKC TSI< - DTDODZIC  DTDH3ZIC MODEZI<
1 1.000 " 1e394 » . " 0037 . Oe197 4 '
Il 2 50000 1.781 750 0.142 : 0.141 4
3 10.000 : 2,622 ~ 0.184 0.078 %
4 15.000 3.571 572 0,194 0,049 4
.5 20.000 40549 » 0,197 , 04035 4
6 - 30,000 64533 7150 0 199 0,022 4
1 7T . 50,000 9.476 0.121 -0.159 1
8 80,000 13.113 0.121 '~ =04159 1
9 100.000 - 15537 + = Q.1l21 -0.159 1
10 150000 - 21.598 « 0.121 . =0e159 1
- . ~ . . Y ITy R
T ~ . 2 :
~ N# 4 HE  '8.50 J# 2 TKJIR 5,40 L
DEPTH i VELOCITY
0.0 L 3.900
3,100 . 5.000
11.200 .- 6.800 .
‘14,800 ... 84250 - ]

v i 1. DELTAZIC CTRIC DTDDZIC = - DTNHZIL ' MODESIL
' 1 1.000 o 1.888 ~ . 0,025 0.198 6
2 . 5000 . 2,171 17 0.L10 14 Q.167 4
3. 12,000 = 2,870 (5 0el162 0.117 A
A 15000 - 3,738 739 0,182 . 0,083 4
5 20,000 . 44671 413 04190 . 0.062 A
6 30,000 . 66527 1 0e 147  =0.136 1

1T 50,000 9.079 ~ 0.121 -0.159 - 1

! : 8 . 800000 .' ) 12. 715 v 0. 121 . "Oo 159 i 1
{9 100,000 - 15.139 ~ 0.121 -0.159 . 1
10 150,000 . 21°Z°°‘:i 0e121 -0159 1
L . X .

DEPTH . VELOCITY
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OO®~NG U HWN - -

A\

CODNGUVHWN - =

~T

<\\

= SR TN

0.

0.0 3.900
3,100 5.000
" 114200 60800
14.809 8,250
DELTAZIL TZI1< DTNNZ I
‘ lL.000 24385 » 0. 019.
T 5,000 2606 605 0.088
17,000 3,197 194 0elé2
15.000 3,978 171 N0.168
200000 4e 717 v 06147
3%.000 6.188 ~ Oe 167
50,000 . Be681 v 0.121
80,000 126317 ~ 0121
100.000 14.742 v 0e121
1500000 - 20,802 v 0.121
. 4
N# & H& 13,50 J# 3 TKI# 230
DEPTH VELOCITY
0.0 3.900
. 3.100 5.000 ‘
11,200 6,800 .
14.800 8,250
DELTAZIL T3IL DTDDZIL
© 1.000 2,761 78w 0.015
5.000 2,930 v« . 0.068
10.000 3.397 - 0.1l14
15.000 4,031 o030 0.136
20,000 4,733 7% 0.143
30,000 60 033 v 0el2l,
50,000 8,458 0.121".
80.9000 12,094 v 0.121
100,000 14.518. v . 0e121
150,000 204579 0.121
oy I
NE 4 HE 16.00 J# & TKI# 1.20
DEPTH " VELOCITY
0.0 3.900
3.100 5.000
‘11,200 6.800
14.800 8.250
: '"‘DELTAZI< . TRIL DTDONRIL
1.000 3.095 oy 0.011
5000 3.230 v 0.054%
190,000 3,610 €03 0.094 .
15.000 44139 137 Oell4
20.000 40727 71“ 0.120
30,000 5«931 {30 0.121
50.000 8.354 373 0.121
80,000 11.986 v 0.121
100.000 l4.410 Vv 0.121
150,000 20471 0121
)
N# - & H# 18650 - J# & TKJE ' 3,70

DTDH%ZIL
0.199
0.180
Delsl
0.108

-0.135
~0.136

"00159
- =0,159

-0.159

-0.159

DTDHZIL
- 0el46
- 06130
0,093
0.056
0.034
-0.083
-0.083
=0,083
-0.083
-0.083

DTDHZIL
0.121
0.108
0.076
0. 040
0.020
0.009
0. 004
0.0
0.0
0.0

.

017
ol

ool

MINDERIL

0 b 0 g e BN DD

M3DEZI<

il o R ol adl B R AR
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R
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CQOUDYDPNHWN -

QOO NCWNH WN o

N# 4

QCUONOWV S WN =

_N# &

e
I
J

DEPTH.
0.0

3.100
11. 209
14.800

DELTAZIL
1. 000
5.000

.10, 000
15,000
22.000
30.000
50.000

- 80,000

100,000

1500000 .

~ DEPTH
040
3.100
11. 209

. 144809

.DELTAZIL
1.000
5.000

10.000
15.000
20.000
30.000
50.000

80,000 .

100,000
150.000

. DEPTH
0.0
3.100

11.200

14, 800

DELTAZI<

1.000

5.000
10000
15000
204000
30.000
50. 000
80.000
100.000
150.000

VELOCITY
3.900

T 54000

6. 800
8.250

TZI<
36397
34507
3.822
40278
44813

5973

8.374
11.999
14.419

204478

H#® 21.00 J#

VELOCITY

3,900

" 54000
64800
8250

T3I<
3.700
3.792
44062
- 40464
© 44952

6.055

8.414
12.021
14,437
20.488

H& 23,50 J#

VELOCITY
3.900
5.000
6800
8.250

TRIL.

%4002
e 082
4,318
4e677
5123
ﬁ.lss
80473
12.054

Zol50s

|

S0
t2l
277
7=

273
94¢
3.0
47 ¢
———

py

4 TKIH

<0

H63

¢
053%

il

”~

WEY

v .
”
2.

OT003I<
0.009
0.045
0.079
0.101
Nel12

04119
0.121
0.121
0.121
0.121

OTDD%IKL.
0.008
0,038
0069

0.090 . .

- Oel04
O.115
0e120
Nel21
0.121
0el21

4 TKJ# 8.70

DTDDZIL
0.007
0.033
0.061

- 0082
0.096

O.110 .

O.118

0.120

0.121
0.121

{

6420

DTDHZIL
O0el21
0e.113
0.092
0.067
Qe 047
0.025
0. 012
0.007
0.005
0.003

‘oTonr<’

Nel21
0.115
0.100
04081
0.063
0.039
" 0.020
0.011
0.009
0. 005

DTOHZIL
0.121
0.117
0. 105
0.090
C.074
0050
0.027
0.016
0,012
0.008

MOOEZIL

PP EEE PP P P

. MOJESI

P NN NN Y

MODERI

-

N R X E L W

T‘(
L

<



o . .
A‘c:ocn-:oxq:~wtor-

)

NE & HE 26400 J# & TKJ# 11420

DEPTH

0.0

3.109
11.200
"144 8090

DELTAZIL
1.000
10.000
15000

20,000

"~ 30,000
50.000
80,000

100,000

© 150,000

VELDCITY

" 34900
5000
64800
8.250

T3I<
44305 ¢+
4e 375 v

44585 U

© 44910 4o

* 54319 «»
64303 30‘)
8.550 59
12.099 v
14,497 w97

LI

DTDD%IKL
0.006
0.029

- 0.054
0.074
0. 089
0.106
0.116

0+.120 .
0.120.

0.121

DTDHZ1IL
0.121
0.118
0.108
0.096
0.082

0. 060

0.034
0.020
0.015

0.010

MODEZIL
4

SHEPPPPPPP



" Calculation of "thé plane-wave substitute solution

" (YELAZ)
Let a pléné ane',. from a' dl§+$n+ éobr&é at an 'azimu;rh '1}/ from the
cldsfer and with a speed of \/ across the cluster strike station 1 at
ﬁ, (n'earesf)'; station 2 at £, (farthest) and station 3 at ¢3
(l'nfermedlafe).. Let the azimuths and distances of stations 2 and 3
(from station 1) be 95_)}1¢- @5 ),23 , respectively. Let ¢ (:1}’—%1;)
be the azimuth parailel the advancing wave fronf..‘ |

t, -1, = zgz_ sin (9‘1-&) /V
fs_f; = »Z,; sin (B-3- o)/ VvV

A 2 _4
whence, eliminating V and setting Y = -ﬁ‘ ﬁ‘ * j"
el 3

Sin(®sd) =Y sin(®sn-4)

(See sketch D) -
tan = Sn®yi—=Y S(n®a ,
CO5@3 Yy (osD,
Thus; A . . . '
1] SthBa-Trstnea \,
P =Tan -
\ Ccos 9‘3 -"YCOS 1=

'22. .SL.P\ (9:."'5#’2) |

V =
€y~
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i Let Ti= -2:, SLn(@-a-—tP) /v = (‘6" "?f,)c
be the calculated traveltime between stations 1 and i.

Let Tz = ( t; -%£,) be the corresponding observed traveitime.

. Let F‘. =77 -T: , the station 1 to station i travelitime

anomaly. ‘

T, s a tinction of V and ¢ (and hence ;' Is also).” In any
adJustment of \/ and d), d F,_' = —=dT; ]

Let E . be the residual that remalns after an ad jJustment of

T (E - HHJF) Then

E.: = F; "‘d!T«.‘ .
_ AT aT
dT; = 3 q{NT'aTﬁd(p
OTE _ _ L sin(Bi=d) DT P: cos(®y—db)
\% T 2 ) 34’ = .V
V .
- Fy ,L sw(&.-_) dv + Licos(8:=0) 4o

V% \

let oy = f; sin(®; ). B = i cos(e<-9)

4 V= V g

Y= dV, and Y,.-'dtpo
Then E,_ F +°(‘)/,+Q yz

To mininize ZE we must have

.5"),' ZE,; = 0 and ?Ya.ZE =0,

Thus BE N
Z " E. =0 ‘and %—5“‘*&

&9



oE. ..: '35:,
g-'_b_)j: =y Y, = g

2 i E; %—-[daou]x +[o¢ 8.7 v, +[ex: F—:;].:O
Z 8 E = [exdy, #[8:6:7% +[e:R] =0

Let

A”-‘-E"(éi"(c'] An_:'[‘-’(&@i] B, "'—."ED(‘:F‘:] )

" 8=T Au{w] B=-TeAT.

An YI ?’An. y;_ -—B/ )
A?—) Y f'Az.z_. )’1_ -—Bz_

Let

DET; AUA:-:. “A:., -A”,q_ .

qul/y |
Bi#Are — B~ Ai?—-
Y= DET av
Y., = An B.-Ax B _ '
* DET = 44

Apply these corrections to V and @ ’ and then recalculafo the.
residuals F and proceed with another round of correcﬂon When the
adjustment ‘in ), d 4, falls below 0.0001 rad, discontinue the adjustment.

N
. Calcu e AAF= ,FZ, ' as a measure of "fit".
Calculate AAF ‘Z" /\/ - ¢ nfn
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‘Determination of Magnitudes of Micraearthquakes Recorded

at Small Epicentral Distances

' (WAGNTD)

In his pioneering studies of southern Callfornia earthquakes
during the early 1930's, C. F. Richter observed that the manner fin
Whl'ch the maximum trace amplitude, recorded by a standard short-period
Wood-Anderson seismograph, diminished with increasing epicentral
distance was Independent of the size of the earthquake. Thus,. logB
vs A plots (B = maximum trace amplitude recorded on the Wood=-Anderson
and A& = epicentral distance) for earthquakes of various sizes were of
a single shape but were d!splaced, without roﬁﬂén, relative to each
other parallel fo'fhe logB axis: the vertical separation of the cur\'r.es
for two earthquakes being equal to the logarithm of the ratio of their
amplitudes. The separation of the curves for two earthquakes is a
convenient measure of thelir difference In s!ze; or (as It was defined
by R!ch'rer)' thelr difference in magnitude.

Richter (1935) defined magnitude as follows: "The magnitude of
any shock is taken as the logarithm of the maximum trace amp| itude,
expressed In microns, with which the standard short-period torsion
seismometer (To = 0.8 sec, V = 2800, h = 0.8) would register that shock
at an epléenfral distance of .IOO kilometers." He plotted logB vs A
curves for earthquakes recorded on the southern Cal ifornia network
during January 1932 (about 50 earthquakes with magnitudes between 0.5
and 4.5). He then flﬂéﬁ a curve to the log B vs Adlagram which, at
every dls‘rance; was parallel the data: curves and crossed the ng:B axis

at A =100 km. This curve (call It the log B, vsA curve) éorresponds
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to that for an eérthuak; with magnitude zera.. The "kit" for
computation of earthquake magnitudes wés then complete. Por an
earthquake recorded with maximum ampl itude B, at distance A, ,
M, = ,03 B)—log Bo . where l_oQ B, Is read from the curve at
- distance A '

To check the validity of the logB vsA curve, Richter applied
the method outlined above to calculate magnitudes for 21 previously
~ studied southern:California ear‘!‘hquakes; with magnitudes from 3;2 to
5.2, recorded at distances between 44 and 520 km. He found that data
from these earthquakes did not suggest any need to revise the logB vs A
curve but did show the need for Individual station corrections that
ranged from + .25 unit (Pasadena N-S) to - .40 unlt (Tinemeha E-W);
Richter caufion%qfl that the ngB vsA curve was only poorly established
for distances Ie:és +han 50 km; and below 25 km i+ was not established
at al I . E

An aﬁemp'l' I]Lo establ ish the curve for sn;al ler epicentral dlsfances

manipulaﬂon of ' +he magnitude concepf. They showed that

was described by Gufenberg and Richter (1942) in conjJunction with further
| oaB —M+2]og D = const  for A between 22 and 525 km

(assuming a focal depfh,ﬁ, of 18 km, with D—‘-\IA"*'W’. , where M is the
earthquake magnitude and where B' is the maximum trace amplitude of
shorf-per'lod waves on the s-rrong-mﬂon torsion selsmomefers at Pasadena).
Thus. B'D" tonst , and “this relationship can be used +o calculate

log Bo for /A less than 50 km If we assume a standard focai depth (I8 km
was chosen).. For an earthquake with a focal depth significantly different
from 18 km recorded at a smail epicentral distance, the megnitude computed
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on the basis of the extended ’ag B, curve could be grossly in error.
We might aiso protest that the method used to establlish the relationship
B’ D*x const Involved the usé of only one Instrument and a whole series
of 'éarrhquakes of Increasing magnitude and dtsfancev.‘ Thus, varlations ':_
in the relative eﬁéclfaﬂon of lang- vs shorf-per:lod 'waves;' variations |
In 1'he ra're of aﬁenuaﬂon with distance. of long- vs short-period
waves, efc., are lnexfricably involved In the relationship obtained,
which In turn Is used to ex'l'end the 109 Bo vs A curve to short
distances for use with very small ear‘l‘hquakes‘..
| Several ekfremely thorny problems arise when one attempts 1‘01 compute
magnitudes for microearthquakes recorded on moedern seismographic equipment
at short distances. These problems ‘Include: "

l." focal depth. cannot properly be ignored at short distances so
we need a relationship between amplitude and hypocentral (not epicentral)
distance for the zero magnitude earthquake.

2'.~ fhe response of the Wood-Anderson selsmograph Is Tmpl ch‘ly
included in Rlchfer's definition of magnitude. These Instruments are .
quite Inadequate for ‘I'he'sfudy of mléroear'rhqua'kes.. Moreover, their
sensitivity Is so much lower than most instruments used in microearth-
quake studies that I+ Is difficult to "cal lbrafe" the new sys#‘ems for
magnitude calculations by slmple overlap of observaﬂons.

3. the Wood-Anderson records, horizontal ground moﬂon; whereas
the most widely deployed microearthquake selsmographs are vertical
componenf lns'l'mnen'rs. )

4. uner feleselsms. for wh!ch quite speclflc wave 'types can be

identified (P, PP. S. efc'.) and used for asstgmn‘l‘ of mgnl'rudes, Iocal
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earthquakes generally cannot be'réltahl?‘resolvad'lnfo thelr component
waves. The waves whlch are largesf In any gliven range of distance
(Indeed *hose which can be ldenflfied a? all) vary frcm region to reglon
depending on the details of crustal sfruc*ure. In very general +erms,
the direct S-wave (through the upper crust) ls-usually largest from
0 to 100-200 km. Between 100 and 200 km (varyling with crustal
structure and focal depfh3 the S-wave reflection from the base of the
crust emerges with much larger (up fo'|6 times) the amplitude of the
direct S-wave. Beyond the point of emergence of SMS, this phase
diminishes rapldly; and within the next 100 km I+ has dropped into
" the background and waves with more compiex paths become the iargest
on the selsmogram. |

5. attenuation-of seismic waves within the crust vafles widely
from region to region, and assignment of magnitudes on the basis of
waves with pa?hslpredomtnan*ly within the crust will be strongly affected:
by such variations: the log Bo_ vs A' curve, in short, should vary )
from ragion to region.

Subroutine MAGNTD was wrl?fen *o assign magnitudes compatible
with the Rich#er!"local" magnitude to microearthquakes recorded on the
USGS portable seismograph cluster. The method employed to achieve this
~goal can be ou+l4ned as follows: _
. the expdnem' k '» of hypocentral distance in a law AD"-c,anst

¢ A= ground ampllfude correspond{ng to the maximum vertical component -

trace amplitude, | D = hypocentral distance) was evaluated on the basis

'

of about 100 earthquakes reoordeduén the portabie cluster in central
California at distances of 0 to 150 km and for focal depths of . 0 to
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4 km. 1t was found that k = !';7 fit the data (earthquake by earthquake)
quite closely and that k does nat appear to depend on focal depth nor
on m'agnlfude... . |
‘ 2'.' “the Iog Bo vs/ curve of Richter was converted to a !ogBo
vs logD plot (where D =W ) and llnes with siopes of l 5,
: l 7, and 2 0 weo"e drawn +hrough the plotted poln?s 1'0 test +he adequacy
of a r’eIaﬂonshlp of the form B,DX=const to express the zero
" magnitude ear‘l'hquake amplitude vs distance relaﬂonship. Beyond 200 km
Kk is grea'rerifhan 2. Between 50 and 150 km, a value k =1.5 fits
the data quite v!vell. For K = l‘.7,. the overall it from 30 km to
nearly 300 km is adequate: no point Iies more than 0‘.10 unit ( of l_gg.‘B,) .
off the curve. The pléﬁed points |le above the curve for D |
less than 40 im and " D between 80 and 250 km. Between 40 and 80 km
and beyond 250 km, they |ie below the K = |.7 curve. At distances
smaller than 30 or 40 km.. the B, values are too poorly established
to be considered serlously; ‘

It we divide B, by 2800 (I~.e'..,-_ by the static magnification of the
Wood-Anderson) to obtain Aa},‘ » the equation representing the ground
.ampIH'ude (in microns) of the zero magnitude earthquake can be written
A’A .D"7 = 0,7/ This relationship Is not Independent of the
WA response curve because fpr earth perlods greater than 0:8 sec; the
magnification of this instrument falls rapidly from Its static magnifi-
cation of 2800.

The difference.in response of the usGs portable systems from that
of the WA re§ulfs_ from several factors: (a) gross differénce in

sensiﬂvl‘l'y; (5)’r_es,frlc‘l’ed passband of fh§ po&#bl'e system electronics—
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ca 17 cps to 0.5 cps, (c) dl‘splaeetﬁenf "VelocH'y" response of the
EVI7 selsmometers In the por‘l'able sysTem vs dlsplacemen‘l' response of
the WA. As In the derivation of the equaﬂon in Aa/,‘ above, It is
" convenient to ignore the porﬂon of ‘I'he perlod-dependency In the EVI7
response that results from the ?endency of the suspended mass to "follow" -
the ground motion af.'ear'l'h periods that are longer than the free period
of the selsmometer (1.0 sec). Such a simplification in the reduction
of recorded ampllfude to ground amplitude in the case of the portable
_system introduces an error that is very nearly the same as that introduced .
in the derivation of Aa,\ , above. Consequently, the logarithm of the
maximum recorded g;;'ound motion, as calculated from the portable system
selsmogram,' minus the logarithm of Ao/.‘ for fhe, corresponding value of

D , should yield the safne mgnlfude' as would have been obtained from
a super-sensitive Wood-Anderson.

4. Since the WA measures the horizontal component of ground motion
and the EVI7 measures the vertical componen‘r; we must correct the compu‘red
. magnitudes for a systemmatic difference in maximum horizontal and vertical
recorded ampl H'udes.. A number of 'rh.e portable systems employed to
establish the value of k inciuded horizontal (EVi7-H) seismographs
~as well as verﬂcals». At those stations the ratios x"/P!_ and

Xn / X3 |were measured. for annumber of events. The first ratio varied
from less than 0.5 to about 8, with a median value of 2.5 (the
distribution was bimodal, with peaks at 1.2 and 3.3). The second )
ratio varied from 0.2 fo 8, with a median value of .75 (mode = 1.25).
As only abou1- 90 observations were used In this sfudy: further work Is
requlred Tentative correcﬂons are + .40 to megnlfudes based ‘on Py
‘and + : .zs to mgnl'l'udes based on X; . . Le
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An-analysis of the portable system response shows that record
amp| itude can be converted ta ground-motion amplitude by the

relationship
' -2
A= o3« (T x s/cw) « )0
for earth.periods shorter than about 1.0 sec, where
]
Apu = ground amplitude In microns
S . ma.x'lmum trace amplitude In mm (peak to trough).
C,o = trace amplitude in mm (peak to ‘I'rngh) resulting
from a /QuVtrms)signal introduced into the
selsmtc'a'mpllfier in lieu of the seismometer
' oufpu‘l'..
T = period (in seconds) of the wave with amplitude S.

The logarithm of A}‘ /ADM Is the magnitude of the earthquake.
~ Thus, '

Ma.g .-./ogA;.—-/ongﬂ - 163.(1.03 N SC-:_‘ Dl.'?) -I'g;

‘This relationship would apply to the calculation of magnitude using
the maximum amp! itude on the horizontal EVI7-H ‘rrace.. To shift to the
EVIT vertical trace the constant should be-cha_néed from -1.85 to -1.60 |
If the maximum vertical a@llfpde is used or 'l'o--li..45 {f the P-wave
amplitude is used. |

In subroutine MAGNTD provision is made for the use of bath P and
the max imum (-"'xr) on the vertical component for the computation of
upgn!;.l'udq; Thof magnitude .,equaﬂén Is written in the form:
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MAGP = log (Crgsrx S‘.:__.-) +PWRPxlog D'~ 2 PMAG

10

for P, and

MAGK = log (CNST L)+ PWRX x IoaD ZXMAG

for X. ,

. The parameters CNST, PWRP, ZPMAG, PWRX, and ZXMAG are read Into
the p'r_ogram at execution ﬂme‘. Thus; the exponerﬁ' of D and the
constants (composed of man;r fac'fors; lnclﬁdlhng Instruments senstﬂylfy,
e‘fc... ) can be adjusted as required by variations in Instrumentation
and region.

The constant (OJ!) In the equation Ao”nD 7 0'7/
is sensitive to the distance range over which we choose to fit the power
law most c!é;ely to the zero magnitude reference data. Because magnitude
is "defined" at A =/00Kkwm , It Is tempting to draw the power-law -
" curve through the log B, point at ‘A= 100 km . For the '
microearthquakes recorded by the porfablé sy_sfem',‘ most observations are
at distances smaller than 100 lcn;--averfag ing 30 km or so: Thus; the
curve resulting In the constant 0.71 was drawn to match the B, vs
D deta in the range of 30 to 100 im.
In view of the difference in attenuation from reglon to reglon,

i+ seems that 100 km Is unfortunatel y large for a magnitude-reference
distance if we truly wish an earthquake's magnitude to be simply
related to the energy radfated from the focus. Use of a smaller
reference distance would require a Mgher preclslon ln depﬂ!

do*l’emlnaﬂon that Is generauy attainable at presom', hovevar.
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‘Statistical ‘Calculations

' Sfaﬂsﬂcat Calculaﬂons-'for"I'ndl'vldual 'Earthuakes-

To characferlze the quality and reliablllfy of individual -
hypocenfral solufions, a vartefy of residuals and statistical

parameters are ca~lcula1'ed. These lnclude:
J

F £ h’T:;,--& = the arrival time residual at station t
AAF=> |F:]| /IV. = the mean deviation
{

(=

AVR Z F / N = the average residual

’- la.
SDP“ = the standard deviation of the arrivaletime
N-MM l

residuals
A\
SDX:.SDP%(A ,.) = standard error in longitude (km)
-1 \o '
SDY =SDP5(A,.3. = standard error in latitude Ckm)
-l ,/2. N
SDZ=SDPx(A 33) = standard error in depth (km)
SDT;SDP‘(A";,')"}.:- standard error in origin time (sec)
N = number of observations (with combined weigh"rs
~greater than 0.1).
MM = number of hypocentral parameters adjusted.
A‘f'/ dc.,; appropriate elements on thé principal diagonal
of the Inverse matrix of coefficients of the
unknowns .
(RSPMG)' = station | P-mag=-average P-mag
(RSXMG)' - smton i X-mag--avorage x-mag
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Statistical Summary Calculafldﬁé'for a Batch of Earthquakes

T L B o o e o o

A number of counters and sum registers and a variety of tests
have been included in the main program to permit the calculation of
average residual, standard deviation of the res1dual; and standard
error of the mean residual for the residuals of arrival +ime, P-
magntfude; and X-magnitude at each station for which an adequate numberf
of opservaflons are avalfable in a batch of earthuakes:

For station | (arrivale«time~residual sfaftsf!cs): '
L
I,AVKESL. = Zi;(':")a' /L

g L -
<Q4 x%;?ﬁzt )'-(225??%
L (h=1)

27 Ve
SDRES; :[ )

SEM; = SDRES, /L,

The equations: for P-magnitude and X-magnitude are analpgous:

For Inclusl?n in the statistical summary; an earthuaké must be
recorded by af‘lgasf KTTA s?afions; have an AAF less than TAAF, and
have been locafeé with fewer than 1IT i*era*ions; For.an individual
observation fo b% included in the summary it must not be targer than
TFR (for an arrlyal-time residual) or AMTST (for a magnitude residual)
and must have a combined weight (of the P-phase) of at least TWT (for
an arrival=time *esldual); | |

KTTA, TAAF,' 1IT, TFR, AMTST, and TWT are parameters read in at

execut ion time,
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These data can bg used to correcf far obvious persistent station
anomal fes, For the arrival-time residual this correction can be made
by add{nb *hé average réstdﬁél for 5 ;+$fioﬁ to the "statton delay"
on the station parameter Ils?:

Provision has also been made to Include a station and Its data in
a batch of earthquakes In such a manner that [t [s not used in the
adJustment of the hypocenter but is treated normaily in other respécfs;
lncludlng the calculation of summary statistical parameférs; Stations -
listed In the "KOMIT" Iist on the parameter card extension DX2 are

?reafed Tn this manner.

Restrictions and Term!nafion‘Condtf!ons Apg}jg?’!n'fhe’AdJuéfmenf of ..
Hypocen+ral Paramefers in HYPOLAYR 4

I Oepth I not adjusted:

a. on the first iteration.

b. if the range In 3%2 , RAH, Is less than 0.02.

c. 1f the prévlous adJusfmeﬁf in epicenter is greater than 10 km:
2. Depth is not permitted to become negative (fécus in air). Any
calculated correction that would place the hypocenter above ground is
‘scaled doﬁn so *haf the hypocenter IS‘}alsed 6/10 of the distance to
the surface. Ho;lzonfél and time adJusfments are also scaled down,
but no farther ?%an‘llto of the values originaily computed.
3. Adjustment Is not terminated prior to the 5th iferatlon;
4, I depth conlfrol has been lost by the 4th mraﬂon. the depth Is
returned to ZTR before the th.
5. 1t |avg] < LVLT (e.g., 0,002,
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f' a. adjustment [s terminated after 5 iterations if AAF < AFLT
(6.9, < 0.10) and DAAP< ADLT (e.g.,< 0.005).

be” adJusﬂnénf I's terminated after 8 Iterations If AAP< APLP
(6.g., < 0.30) and DAAF < ADLP (e.g.,< 0.003).

6. 1t |AVR| > AWLT -

a. adjustnent Is terminated If DAAF.L AVLT, I.e., for a stationary
solufion: LI is set equal to “I4"; AVR s added to the origin ?Ihe; and :
the arrivai=-time residuals and solution statistics are recalculated.

b, IL =12 | .

11 is set equal to "I3", AVR is added 1o the origin flme; and

the arrival~time residuais and solution statistics are recaliculated.
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Arremohx ' Lvi

HYPOLAYR
List of variables

NSTA (2,99) . = A4 ' Station name (on station Itst)

LAT (2,99) F2.0 Statlon latitude, degrees

YAT (2,99) P52 Statlon latitude, minutes

LON (2,99). , 3.0 . station longitude, degrees

XON (2,99) Fs.'é '. " station lqngifrude; minutes

EL (2,99) F4.0 station elevation, meters

oLY ﬁ2;99) : . F5.2 ' station delay, seconds -
MDL (2,99) I1 Crustal model used with station
KSITE N | Number of stations in station list
vizs) F1.3° 7" Layer velocity, model 1 s
DP1(25) y F7;3 Depth to top of layer;.model i
NL1 . h o . Number ot layers, model 1 -
¥2(25)  F1.3 Layer velocity, model 2
.DP2(25) 1.3 Depth to top of layer; model- 2
NL2 - o ‘Numbér'of layers, model 2

LATR . F2.0 Trial latitude, degrees

YATTR ' F5.2 Trial Ia;lfudq; minutes

LOTR , F3.0  Trial longitude, degrees

XONTR | F5.2 " Trial longitude, minutes

ZTR - F5.2°  Trial focal depth, km
 LARED - F2.0. Latitude reduction, degrees
LORED - F3.0 | tqnglfude>redu¢flon; degrees
DELAZ  F6.  Test distance for calling VELAZ
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LVL

2] . F5.2. . Half-space velocity for PREHY

MQODE 1 ~ Key to "MODE" computation opfléns

LPC n Pﬁgéh cafd option selector

"INPRIN' 1 Intermedtate printout option selector

| FMT | ‘ &t Phésé~card‘forma*Aselecfor

Q . F?:B - Factor for latitude to km conversion

PPP : F??S ‘Factor for longitude to km conversion

ISTS | i1 Statistical section option selector

KOLT 2 -Number‘of'sfafions in ordered P-arrival
list |

swP - ' F5.2 Factor ‘to convert "S-P" interval to

X

"P~Q" {nterval

XNEAR . F5.0 Lower Iimit in "distance weighting”
| equation |
XFAR , F5.0 Upper (imit in "distance weighting”
equation
HILO® F5;2 Muttiplier to convert low-gain-trace
| amp | itudes
CNST F5.2 System sensitivity factor
PWRP F5;2. ~ Distance eiponenf in "P" amp{ ttude~

- dlstance law
ZPMAG . F5;2‘ ~ Constant depending on "O" magnitude
earthquake ﬁ-amplifudo !
PWRX . FS;Z N Dlsfanée eiponenf'ln X" amplitude-
‘ _ ” distance law |
DMAG P52 Constant depending on "O" annl*ude
| | eartliquake P-amplitude
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AVLT
AFLT
AFLP

ADLT'

ADLP"

TAAF

TFR

AMTST

IIT

KOMIT

NOMIT(99)

F5.2 .
F5.2
P5.2

P5.3

F5.3

F10.3

FI0.3

Fl10.3

Fi0.3

. Is

15

75

Lv3

Test value for average residual (AVR)

First test value for mean deviation (AAF)

Second test value for mean deviation e
(AAP) |

Pirst f§s+ value for change in mean

devtation (DAAP)

Second test ;alue‘for change in mean ,

deviation (DAAF)

Test value for mean deviation in

station section .

Test value for station residual in ‘
station section |

Test value for combined weight in
station section

Test value for magnitude residual in

| station section

Test value for number of Iferéflons‘
in station section -

Test value for number of observations

in statlon .section

Number of stations on "neglect" list

-

Name of station on "neglect® Iist



NL

-V(25)
DP(25)
THK(25)
TID(25.25)‘
D10(25,25)

THK1(25)
TID1(25,25)
DID1(25,25)

THK2(25)
TID2(25,25)
DID2(25,25)

KSW
st .
SUM2

SUMA

SuMB

SQT
MSTA(99)
QSABE(99)
W(99)
KDATE(99)
JHR(99)

A4

. F2.1

16
12
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LY

Number of layers

Velocity of P in layer

TPAR

Depth to top of layer

working

Thickness of layer |

, ' , variables

"Boundary" source intercept

"Boundary" source critical distance
distance

Layer thickness, modei 1

"Boundary" source Intercept, model 1

"Boundary" source critical distance,
model 1

Layer thickness, model 2

"Boundary" source intercept, model 2

"Boundary" source critical distance

model 2

TPAR Internal utility variables

Station name on phase |ist

Alphameric tag, e.g., "IPU"

‘ Welghf.(quallfy of P-arrival)

Date (year, month, day)
Hour "



JMIN(99)
P(99)
AMP(99)
'PRP(99)
$(99)
AMS (99)
" PRS(99)
AMX(99)
PRX(99)
CALP(99)
CALS(99)
CALX(99)
RK(99)
DT(99)

INST
ZRES.
KREC
IHR
G(99)
GW(99)

TP(99)
PT(99)

ORGS .

12
F5.2
4.0

F3.2

F5.2
F4.0

'F3.2
F4.0

F3.2

Fa.1

F4.l

F4

A3
F5.2

12

F5.2

LYS

Minute

P arrival time (seconds)

P amplitude (peak-trough, mm)

P period (seconds)

S aEFival +Ime‘(seconds

S gmpllfude (peak-trough, mm)

S periéd (seconds)

X" amplitude (peak=frough, mm)
X" period (seconds) .
Cal ibration for P-phase amplitude
Calibration for S phase ampil-itude
Calibration for "X" phase ampllfudéﬁ
Remarks

Chronometer correction (sec)

Key to "INST" operation options

Depth restriction for specific event (km)

Number of phase éards read for earthquake
"Hourd of earliest arrival
Distance-dependent weighting factor for.P
Aux. variable in routine for omlfflng

speclfied'sfafiqns

Reduced P-arrival time {;econds)

Array used In ordering of P-arrival

+imes

"S-P" derived origin time
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LYS

s LOSW Flag indicating existence of ORGS
KOLT Number of stations in ordered P-time array
K0(99) ~ Array of indices of stations in ordered

P-time array

NEAR Indek of earllest station

PMIN P-arrival time at earliest station

MFAR . Index of lafest station In ordered
P-array

PFAR P-arrival time at latest station in
ordered P-array

KALX - Index of ordered array station farthest
from |ine jolning station NEAR and

station MFAR

LY Flag Indicating PREHY option used

ORG Origin time In seconds (reduced)
LONEP " Eplcenter longitude (degrees)

XONEP Epicenter longitude (minutes)

LATEP éplcen?er latitude (degrees) °

YATEP Epicenter latitude (minutes)

z Focal depth (km) .

ZHLAT Reduced latitude (minutes) o; station

NEAR ’

PH Km ber mfnufe of longifuge at ZHLAT
"DISTL(99! Distance of station from station NEAR
TH1(99) Azlmufﬁ of given station from station

NEAR
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; ALT

. KALMX
KALMN

'ALTMX .
ALTWN
XH(92)
YH(99)
AP(3,3)

BP(3)
DETAP

YNOT
T
FA
DST1

717

LV7

Distance from |ine between station

NEAR -and station KOLT
Index of station farthest to "right"

of |ine between station NEAR and
- station KOLT
!ndex of station farthest to "left"
oé |ine between sfafloﬁ NEAR and
~station KOLT
Distance of station KALMX from |ine

between station NEAR and station KOLT

Distance of Efaflon KALMN from line

between station NEAR and station'KOLT . ..
Distance of station (in km) west of
station NEAR
Distance of sfafl;n (in km) north of
station NEAR
Coefficients q? unknowns in lnglada‘s
equation _ ., .
Known's in Inglada's equation
Determinant of AP's
Epicenter X-coord (km)
Eplicenter Y-coord (km)
Traveltime of P to station NEAR
Utility variable in PREHX -
Ut11ity variable in PREHY

Utility variable In PREHY



,Lvr{'

. DET3 Determinant of unknowns in "reduced

probliem
RP2 Combination of knowns fn "reduced"” probiem|
RP3 combination of knowns In "reduced" proble
Gl } 'Combinaflon of knowns in "reduced" problemr
G2 ’ 'Coqblna+lon of knowns In "reduced" problemr
G3 - Combination of knowns in "reduced" problem|
G4 ‘ Comb!ﬁaTlon of knowns in "reduced" problem
G5 Combination of variables ln-"reduéed"v.
problem.
G6 Combination of variables in "reduced"
problem e
G7 Combination of variables in "reduced"
proﬁlem
G8 | Combination of variabies in "reduced"
problem
G9 Combination o; varfables in ”reducga"
~ probiem .
TiP T1, using-V
TIM TL, using +N
AGS5 , Uflll+9 variable in PREHY
QSM  Utility varlable in PREHY
AQSM Utility variable In PREHY
QsP U1ty varlable in PREHY
AQSP valll*y varléble in PREHY
DEDN Coetticient for calculating "distance"

weighting factor

s

g0



KZSW
I

XEP

YEP

DELMN.
ZLAT

PP

DX(99)
DY (99)

DELTA(99)
KEY

TKJ
TINJ(25)

DIDJ (25)

XOVMAX

TR(99)
T(99)

Y

Lva

Flag indicating routine used in VELAZ
Switch to inhibit focal depth adjustment
Iteration counter in hypocenter

adJustment loop

'Epicénfer "N-S" grid coordinate (+ = N)

"Eplicenter "E-W" grid coordinate (+ = W)

Smallest epicenter-to-station distance
Mean of epicenter and station latitudes
Longitude scale factor--minutes to km
Difference in sfaf!qn and epfcénfer'
X-grid cq;ord
Difference in station and epicentér
Y-grid coord
Eplceﬁfral distance. (km)
Utility variable for selecting model
in TRVDRV
Depth of focu§ below top of layer
iﬁtercepf of waye.refracfed along top
-of layer from a focus in layer JL
Critical distance of wave reflected
from top of layer L from a focus In

Iayer‘JL

Distance beyond which first arrival must

be a3 head wave

' Calculated refraction time (tentative)

First arrival *raéelflmo 4



Lvio

| oToD °T /24
DTOH 37'/.3 z
ANIN(99) Angle of Incidence at the focus
ToJ Calculated traveitime of direct wave
ln'layer J | '
LL ‘Iteration counter in loop to find root
- of réfracfion equation
XBIG : Utility variable in TRVDRV
XLIT Utility variable in TRVDRV
us N Utility variable in TRVDRV
uL Utility variable in TRVDRV'
ARGB " Utllity variable in TRVORV
ARGL Utility variable in TRVDRV
OELBlG ‘ Uflllf& variable in TRVDRV
DELLIT , . Utility variable in TRVDRV
XTR  Utility variable fn TRVORV
u | Root of'refrae}lon equation
ARGJ Utility variable in TRVDRV
DELXTR ~Utility variable in TRVDRV
TEST Utility varl;ble in TRVDRY
TOC Traveltime of wave from focus very
near +6p of layer
TDIR Traveltime of wave from focus inside
| layer . |
ALFA Utility variable in TRVDRV
BETA UtI1 Ity variable In TRVDRV
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AX(99)
AY(99)
AH(99)
F(99)
AAF
AAF1
DAAF -
AWF
KSTA
WSTA

AVR
ABVR

AVR1
2
[Ac4,a)

[B(a)

AHMX
AHMN
RAH

bG350

[c(a,a)

DETA

83

Lvil

dT / 2X
/T /2y

3T/ 22

Arrival=time residual

‘Mean deviation of arrival times

Previous value of AAF

Change in AAF

"Weighted" mean deviation

Number of stations used in a solution

Sum of weights of stations used in a
solution

Average residual

"Absolute value of average residual

Combined weight (W(I) # G(i))

"Saved" value of AVR

Coefficient of unknowns in normal
equation

Coefficient of knoung,ln normal
equation :

Maximum AH

Minimum AH

Range of AH

Cofactor of A(1,J)
Cofactor matrix of [A(4,4)

- Determinant of cofactor yafrlx



LVIL

. [Y(4)] ' Hypocenter correction vector

i MM Rank of matrix of coefficient of
ad justment equations

‘KOuT Flag indicaflng HYCOR routine used in
adjustment of hypocenter (which

components adjusted)

- ASDX ‘ : Absolute values of the elements of the’
ASDY - principal diagonal of the inverse
ASDZ matrix of the matrix of normal
ASDT ~ equation coefficlents .
ALl . . . A44 Uti1ity variables in "reduced” HYCOR
routines
GAM Utility variable in VELAZ
DENOM ‘Uflllfy varlable in VELAZ
~ TH1(99) Azimuth of station from earliest station
PFL ~ Angle (cw between north and wave front
VA ' Average velocity of wave front acroés net
KAZ Flag indlcsflng which VELAZ routine was
used .
KT . lteration counter in adjustment loop
Yi Adjustment in VA -
Y2 Adjustment. in PFi
FT1(99) Residual in traveitime from earliest

station to another

AT(99) oT/?V
B8T(99) oT /2¢
AT11 Coefficlient in normal equations
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AT12

AT22

BT1
812
DEAT

PSY

VH
LREC

SDP

SDX
SpY
sbz
SDT
0S0
KHR
FHR
KMIN
FMIN
SEC
TS(99)
AZ(99)

LYi3 -

Coefficlient in normal equations
Coefficient In normal equations
Coefficient in normal equations
Coefficient in normal equations
Determinant of coefficient of unknowns

in normal equations

Azimuth toward source of plane wave

Depth adjustment restriction factor

Horizontal shift in epicenter

" Number of stations summed in error

estimate
Standard error in individual P-arrl.va'.l‘
+ime

Standard error in X-coord (km)

- Standard error in Y-coord (km)

Standard error in depth (km)
Standard error in origin time (sec)
Utility variable in M/Prog

Origin hour (reduced)

Origin hour (reduced)‘

Origin minute

Origin hlnufe

Origin second

Travel;lme of éfwave

Azimuth of station from epicenter
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. EPMG(99)
| BMG(99)
MC

MP

SXMAG

~ SPMAG
'RAD2
ARGP
ARGX
PMAG(99) °

XXMG(99)

XMAG

WG
ABFJ

MPC(99)
SCOF(99)
SCOF2(99)

ABEPM

LM

. P-magnitude residuals

X-magnitude residuals

UtTlity variable in MAGNTD

Utility variable in MAGNTD

Utllity variable in MAGNTD

Utility variable in MAGNTD

Square of hypocentral distance
Utility varliable in MAGNTD

Utility variable in MAGNTD
Magnitude computed from P-phasé at

station

-Magnitude computed from X-phase at

station

~ Average PMAG

Average XXMG

Combined "saved" welight
Absolute value of arrival-=time .residual

at station

"Utility variable In summary statistical

%6

calculation

Ufillfy variable In summary statisticai
calculation

Utility variable in summary statistical
calculation

Utility variable in summary statistical

caiculation



LVIS

MPCP(99) | Utllity variable in summary statistical
.calculation

'SCOP(99) Utility variable In summary statistical

_ | calculation

SCOP2(99) Utility variablie In summary statistical
calculation

.ABEXM Utility variable in summary statistical
calculation '

MPCX(99) Utility variable in summary statistical
calculation

SCOX(99) © Utility variable in summary statistical’
calculation ’

SCOX2(99) Utility variable in summary statistical

calculation

KPLUS Switch for extra summary card
AVRES(99) Average arrival-time residual at station
SDRES(99) Standard deviation of arrival=time,

residual at station
SEM(99) Standard error of mean of average arrival-

time residual at station

AVREP(99) Average residual in P-magnitude at
station

SDREP(99) Standard deviation of P-magnitude residual
_at station

SEMP(99) Standard error of mean of P-magnitude
rogldpal‘af station |

37



AVREX(99)

SOREX(99)

SEMX(99)

24

LVIé

Average residual of X-magnitude at

station

Standard deviation of X-magnitude residual

at station
Standard error of mean of X-magnitude

reslidual at station



Qyppendix 2. | OP I

\ : HYPOLAYR QUTPUT

INPRIN = o ., ! ’ 2 ’ 3 , 4 y O
I I | | | | 1

Printout (blocks) | 12 . ¥ (3 3 (3 2
13 12 I ( 5 5 3
13 12 7 {6) [
13 8 7 5
| 9 8 (6
No bracket = printed once per batch 10 9 7
( bracket = printed once per earthquake N 10 8
' [ bracket = prinfeq once per solution 12 1 . /.9
( ) bracket = printed first 3 iterations 13 12 10
s bracket = printed once each iteration 13 i
12

i3 .

The normal INPRIN is 2, which provides a listing of station data, model
parameters, and control parameters as well as a listing of the input data

for each earthquake and the output results for each solution.

Card punch - output ’ LPC = 0 i 2 3

none - PL Pi P1

Output blocks punched as ‘ P2 .'PS !
indfcafed, once per solution | P3 P2
| P3
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oP2

~ WRITE
BLOCK STATEMENT
NUMBER
58
59

61

62
65
68
70

76/81
78/83

96

97
3a

Term by Term ldentificatjon of HYPOLAYR Output

CONTENT

KSITE

NSTA(1,L) LAT(1,L) YAT(1,L) LON(1,L) EL(1,L) oOLY(1,L) MOL(1,L) L = 1,KSITE

'NL1 NL2 LATR YATTR LOTR XONTR ZTR LARED LORED DELAZ  MODE LPC INPRIN \\

IFMT KOLT QQ PPP 1ISTS

SMP XNEAR XFAR HILO CNST PWRP ZPMAG PWRX ZXMAG  AVLT AAFLT )mrw >Or+. ADLP
4>>ﬂ. TFR TWT AMTST IIT Wqﬂ> KOMLT 4 (1f 1STS = 0) .
Vi(L) ovWarv L =1,NtL . . . : .

V2(L) OP2(L) L = {,NL2: Omitted if only 1 model used

n

THK1(J) TID1(L,J) DOID1(L,J) L =1, 10/6, J =1, 10/6

1, 10/6

€
"

THK2(J) TiD2(L,J) DOID2(L,J) L =1, l0/6,
KREC INST . ZRES

MSTA(L) KDATE(L) JHR(L) JMIN(L) QSABE(L) W(L) varw\\
AMP(L) PRP(L) S(L) AMS(L) PRS(L) AMX(L) PRX(L)/

CALP(L) CALS(L) CALX(L) RK(L) OT(L) L = 1, KREC
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oP 3

WRITE

RLOCK  STATEMENT

NUMBER
o
3b 121

202
4 204

(o)) %)
N\ ~~

3 S

W @™

Y]

—~
N
o]
(o))

KREC INST ZRES '

MSTA(L) QSABE(L) DATE(L) JHR(L) JMIN(L) P(L) AMP(L) PRP(L) S(L) AMS(L)/

vxmnrv. AMX(L) PRX(L) CALP(L) RK(L) DT(L) L =1, KREC

'IHR MSTA(NEAR) LOSW PMIN ORGS

MSTA(L) NSTA(2,L) LAT(2,L) - YAT(2,L) LON(2,L) XON(2,L) Dr<AN.rv‘_mr~N.rv,
MDL(2,L) TP(L) W(L) L =1, KREC

MODE LHY LATEP YATEP LONEP XONEP Z ORG MSTA(NEAR) MSTA(MFAR) MSTA(KALX)

MSTA(L) DELTA(L) T(L) AX(L) AY(L) AH(L) ANINC(L) F(L) L =1, KREC

YEP XEP Z AAF DAAF KSTA AWF WSTA

A(1,1) Jﬁﬁ.mv A(1,3) A(1,4) A(2,2) A(2,3) A(2,4) A(3,3) “A(3,4) A(4,4)

B(1) B(2) B(3) B(4) RAH INST

9



oPH4

WRITE
BLOCK STATEMENT
NUMBER

9§ 345
o § 382

485
486

B
487

495
12 497
I3 m 501

491
Pl

MM KOUT DETA ASDX ASDY ASDZ ASDT Y(1) Y(2) Y(3) Y(4)
YATEP XONEP Z ORG VH

MODE LPC INST LOSW LHY KOUT KAZ

Headings

Y1) Y(2) Y(3) Y(4)

0GS AVR PPMG

KDATE(NEAR) KHR KMIN .SEC F>ﬂm1 YATEP _LONEP XONEP Z

SDZ SDT KSTA XMAG II KREC VH

Headlngs

NSTA(2,I) DELTA(L) AZ(I) ANINCI) QSABE(I) TP(I) TS(I) F(I)
EPMG(I) XXMG(I) EXMG(I) RK(I) W(I) G(I)

L = 1, KREC

mrﬂv.*o:ﬂ spaces to separate events on printout

KDATE(NEAR) KHR KMIN SEC LATEP YATEP LONEP XONEP Z

KSTA XMAG II KREC KOUT

AAF  SDP SDX SDY/

PMAG(T) /" .

92
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WRITE
BLOCK STATEMENT
NUMBER

499
2§

P3 M 504

149

150

174
R2
175

274

275
Si

276

278

.

NSTA(2,I) DELTA(I) AZ(I) ANIN(I) QSABE(I) TP(I) TS(I) F(I) nz>o.Hu\\
RK(I) W(I) G(I)

Punch $$%$$ card to separate event decks

KDATE(J). JHRWJ) JMIN(J) MSTA(J) "Not ON STATION LIST, REJECT QUAKE"

Skip 4 llines

KDATE(1) JHR(1) JMIN(1) ™INSUFFICIENT DATA FOR LOCATION"

Skip 4 llnes

MODE °‘LHY LATEP YATEP LONEP XONEP Z ORG 3m4>AZm>mv ~-MSTA(MFAR) - MSTA(KALX) -

MSTA(L) DELTA(L) T(L) AX(L) AY(L) AH(L) ANIN(L) F(L) L = pn.xmmo

AAF AVR AWF XSTA WSTA

Skip 4 llnes
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WRITE
BLOCK STATEMENT
NUMBER
353
S2
356
358
541
Xi
X2 M 546

~

KDATE(NEAR) JHR(NEAR) JMIN(NEAR) P(NEAR) PSY VA AAF = MSTA(NEAR 3m4>azﬂ>wv\\

4

MSTA(KALX) KAZ 1I KT
MSTA(I) FT1(I) THI(I) I =1, KREC (except I = NEAR)

Skip 4 lines

NSTA(1,K) AVRES(K) SDRES(K) SEM(K) MPC(K) AVREP(K) SDREP(K) SEMP(K) MPCP(K) /

AVREX(K) SDREX(K) SEMX(K) MPCX(K) K = 1, KSITE (if ISTS 3 0)

NOMIT(K) K =1, KOMIT (if KOMIT # 0)

Lt



OoP7
Description of content of HYPOLAYR output

CONTENT .
, WRITE
BLOCK STATEMENT
NUMBER
58 KSITE = number of stations on station list

- 59 Station |lst: See Variable List p. |

6l NLL, $L2 = Number of Fayers in models 1 and 2, respectively
| " Card ¢4 parameters: See Variable List p. 2

62 Card éS parameters: See Variable List pp. 2=3

65 Card bxu parameters: See Variable List p. 3

68 Modelii, from card D2: . See Variable List p. |

70 Model|2, from card D3; See Variable List p. |

L -

2‘ { 76/81 Médel 1 arrays from TPAR: See Variable List p. 4

78/83 M?del 2 arrays from TPAR: See Variable List p. 4

|
!
|
96/119 Card D7 parameters and number of phase cards: See
| :
|

Variable List p. 5

97 Format 2 phase card (D6-2) parameters: See Variable ‘
3 .
List pp. 4=5
121 Format 1 phasé card (D6~|) parameters: See Variable

List pp. 4=5

{ 202  See Variable List p. 5
4 L ‘ - )
204 Match station--phase llst: See Variable List pp. |, 4, 5
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WRITE
BLOCK STATEMENT
NUMBER ’
{ 208 Resul%s on preliminary hypocenter from PREHY: See
5
lVar'iable List pp. 5, 6.
| ! | |
é’ 283 Resulits from TRVDRV and arrival-time residuais: See
6 : - '
Variable List pp. 8-10
: % 286 Location of hypocenter, and statistical parameters: See
7 .
Variable List pp. 8=10 °
34| Coefficients and constants in normal equations plus range
8 : B
in 3T/32. , RAH, and INST value: See Variable List p. 10
9 g 345 - Results of HYCOR subroutine: See Variable List pp. 10=I|
, 2 382 Corrected hypocenter and adjustments applied: . See Variable
10 . A
List pp. 6, 10, 12
485 Condition codes plus "S-P origin time," average residual,
and mean P-magnitude: See Variable List
Il : '
487 .Summary card printout: See Variable List, especially
pp. 8, 10, 12, 13
2 g 497  Station data printout: See Variable List, especially.

. pp. 8, 10, 12, I3
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WRITE
BLOCK STATEMENT
NUMBER
PL £49|
P2 f 499

s 174
y é;
274
Si 275
: 276
353
S2
. 356
X1 §' 541
X2 % 546

OF 19

Card punch summary card: cf ||
Card punch station data card: cf 2

Printout indicating phase card--station card matching

failure

Printout indicating too little data for location-=this
condiflon can result from event receding from net until

too many stations have G-weights = Y

Printout for speclial "solutlon" in which program Is
usedjfo compute traveitimes, derivatives, efc., for a

specified focus and model
|

Prlnfouf for the VELAZ sﬁbrouflne
i

PrInTouf of statistical data on arrival-time residuals and

P- and X-magnitude residuals at individual stations

'Printout of Iist of stations that were not used in

hybocen*ral'adjusfmen+s‘

Q7



Condition Codes

MODE schooses method of preliminary hypocenter assignment

0 : Put hypocenter at depth ZTR beneath the eariiest station

| ¢ Put hypocenter at depth ZTR beneath the trial epicenter
(LATR, YATTR, LOTR, XONTR)

. a half-spa_ce mode |

oPio

2 : Calculate preliminary hypocenter from reduced data set using

- LHY? identifles the PREHY section used In assignment of the preliminary

hypocenter.
= | MODE = 0; etc.
=2 Mode = I; etfc.
=3 MODE = 2; 4 station solution for Xo,40, 2o,%0
=4

MODE = 2; 3 station solution for Xo , e
£, computed from S-P data, 2, = ZTR.

= 5 MODE =2} 3 station solution for Xo,?o,ig ; 2, = ZTR

LPC:Card puncﬁ instruction
= | .3 Punchvl summary card, 1 station card per station, and 1
separator card o |
= 2 : Punch 1 summary card and 1 separator card '
= 3 : Punch 2 summary cards, 1 station carq per sfaftoﬁ, and
lhseparafor card |
= 0 : No card punch output

INST; Controls type and number of solutions for a single earthquake

= 0 : FREE solutlon; adjust Xs,4s st
= { : ZFIX solution; adjust x.,«}.,to
= 2 ; TFIX solution; adjust x.,«*,,a_,

££4



: first.a ZFIX solution, second a FREE solution

: first a TFIX solution, second a ZFiX solution

: first a TFIX solution, second a ZFIX solution, third a FREE

solution

: go to subroutine VELAZ

Printout first TRVDRV results and other data recording

parameters of hypocenter and statistics of residuals

LOSWsindicates availability of S~P origin time

0 : ORGS not available

ORGS available

KOUTgidentifies the HYCOR routine used in the last adjustment of The -

hypocenter.

| :+ Free adjustment of all variables

2 : ZFIX adjustment of X, ,3_0) 4o only

3 : TFIX adjustment of X,,q.,) 2o only

4' : ZFiX-— TFIX adjustment of X.,Q}o only

KAZ$indicates which VELAZ routine was used

0 : VELAZ not used"

| : 3-station solution for velocity and azimuth only

2

leas?—squgres adjustment of velocity and azimuth

19
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A”oenchx 3

Data card variables, and a short explanafion of thelr use and

significance.

Dl. '"NSTA" list--one per station

D2.

03.

D4.

NSTA(1,L)
LAT(1,L)
YAT(1,L)
LON(I,L)
XON(L,L)
EL(L,L) |
DLY(1,L) !
MDL(1,L) !
Model 1 Ils;
Vi(L) 1
DPL(L) ’
Mode | Z‘lis%
v2(L) |
DP2(L)

Station L name

. Station L latitude, (degrees)
" Station L latitude (minutes)
- Station L longitude (degrees

. Station L longlitude (minutes)

Station L elevation (meters)
Station L delay (seconds)

Crustal model to be used with station L

Velocity In layer L (km/sec)

‘ .
. Depth to top of layer L (km)

Velocity in layer L (km/sec)
Depth to top of layer L (km)

Parameter cardii

LATR
YATTR
LOTR
XONTR
ZTR
LARED

"' LORED
DELAZ .

Trial hypocenter latitude (degrees)
Trial hypocenter latitude (minutes)
Trial hypocenter longitude (degrees)
Trlal hypocenter longitude (minutes)
Tfial hypocenter depth (km)

L%?Ifude reduction (degrees)
:fngl?ude reduction (degrees)

i

stance (in km) to nearest station beyond whjch VELAZ

;subrouflne is célled

i
'

{00



1P2.

v Half-space velocity used in MODE = 2 solhfion
(below).
MODE 0, I, 2 Keys mode of PREHY hypocenter determination

0 - preliminary hypocenter placed at depth ZTR beneath
nearest station '
1 = "trial" hypocenter assigned
2 - preliminary hypocenter computed from 4 (or 3)
selected stations on +he basis of a uniform
nal f=space model
LPC ' 0, I, 2, 3 Keys punch-card'oufpuf
0 - no cards punched
| = cards punched
2 - summary cards and $$$$ only
3 - duplicate summary cards, station cards, and $$8$
INPRIN 0 (or blank), |, 2, 3, 4, 5
Different output levels'can be obtained by use of
different INPRIN commands. The levels range from
final results only (0) to step-by=-step printout of
the results of read and calculate operations (5).
0 ‘Hypocen+er summary and station summary |ist
| + "NSTA" station list, parameters, and model |lists
2 + "MSTA" phase |ist
3 + PREHY hypocenter, and adjusfmeandafa (1/1teration)
4 + Time and aerlvafive Iists (first 3 iterations)
5 + TPAR érray; and match-list
" (Do not use "S" It NLI or NL2 > 10; 888 FORMAT

Inadequate)

ol



LP3

1FMT Indicates "MSTA" phase |1ist format that will be used
1 "HYPOLO" format ‘
2 "HYPOLAYR" format--provides for weighting of reading
and for independent calibration for S and max (X).'
OX1 Test values needed In the section providing a statistical summary of

Individual station time and magnitude residuals

TAAF- I'f AAF 2. TAAF earthquake is skipped
TFR 1f F(J)> TFR station Is skipped in section
If W) * W) £ TWR% on traveltime residuals

. AMTST B & 4 lEPMG(J)I Y AMTST, station is skipped in section on
P-mag residuals' |
AMTST I f lEXMG(J)I) AMTST, station is skipped in section on

X mag residuals

IIT I¥ II- > 1IIT, earthquake Is skipped
KTTA If KSTA< KTTA, earthquake is skipped
KOMIT Number of stations (listed on card DX2) that are to be

ignored in the determination of the hypocenter but
‘ :freafed normal ly otherwise. |
OX2 List of stations to be Ignored as specified under "KOMIT" above
05 Parameter card 2 |
KOLT | ln; order of increasing P-arrival times, stations 1 through
| KOLT are considered in the selection of stations for
iuse in calcuiating the preliminary hypocenter, in PREHY,

iand In calculating the preliminery velocity and azimuth
In VELAZ. '

SMP Ta calculate P traveltimes from measured S-P intervals,
ﬂ*e equation P - O = SMP # (S-P). Is used. |f Polsson's
{

-AIOZ



XNEAR (km)

XFAR (km)

HILO

CNST

PWRP

ZPMAG

PWRX

ZXMAG
AVLT

AFLT

AFLP

ADLT

ADLP

IPH

ratio is 0.25, SMP = |.37.

For DELTA(I) < XNEAR, the distance~-dependent weighting
factor, G(I), Is 1.0.

For DELTA(I) > . XFAR, G(I) = 0.0. For XNEAR < DfLTA(I)
£ XFAR, G(I) = 1.0 - (DELTA(I) - XNEAR) / C(XFAR -
XNEAR) /°0.9]

Sensitivity ratio between high and low channels on
| playback( 1 same calibration is used Hop both levels) .

Proportional ity constant used in reducing record
ampl itude to groud& amplitude.

Exponent of hypocentral distance used in the calculation
of "P" magnitudes

Reference constant used in calculation of "P" magn?fudes.

Analogous to PWRP, but for X phase. )

Analogous to ZPMAG, but for X phase

Small value for AVR (average residual) used In
solution convergence tests. |

Smalt’value for AAF (average absolute residual) used
in solution convergence tests

Second small value for AAF (average absolute reslduali
used in solution convergence tests -

Small value for DAAF (change in AAF) used in solution
convergence tests |

Second small value for DAAF (chéngg in AAF) used In

solution' convergence tests.
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06.

(D6-1 = HYPOLO format; D6-2 = HYPOLAYR format)

MSTA(L)
QSABE(L)
KDATE(L)
JHR&L)
JMIN(L)
P(L)
AMP(L) .
PRP(L)-
S(L)

AMS (L)
PRS (L)
AMX(L) .
PRX(L)
WL

CALP(L)

CALS(L)
CALX(L)
RK(L)
oT(L)

Station L name

Station L P-phase description (e.g., | P+)

Date (e.g., 68 02 24 - year, month, day)

Time (hour, e.g., |3)

Time (minutes, e.g., 27)

Arrival fiﬁe of P at station L (seconds)

Peak-to=-trough ﬁax P record amplitude (mm)

Period of max P-phase (seconds)

S arrival time (seconds)

S amplitude (peak=-to=-trough mm)

S period (seconds)

5Max" phase amplitude (peak?fo-?rough mm)

"Max" phase period (seconds)

P-wave phase weighting factor (seconds)

0 % 1.0, I 0.75,2 0.50, 3 0.25,4 0.0

Pe%k-?o-?rough record amplitude (in mm) resulting from
L I0 V calibration signal--on Z éhannel ’

Ca%ibraflon, bﬁf on channel recording S

Ca}ibrafion, but on channel recording Max

Reﬁarks (in 3 alphmeric symbols)

Chronometer correction (seconds)

Final card in phase list group (one per earthquake)

INST

0 (or blank), |, 2, 3, 4, 5, 6, and 9.
Speclal- Instruction on cons+ra!nf§ to be placed on

hypocenter determination.

lov



(km)

. Depth at which hypocenter ls'resfrlcfed under The.lNéT

IPé

0 FREE solution

I ZFIX (restrict depth to ZRES)

2 TFIX (restrict origin time to that computed from’
S-P Jé?a) _

3 First TFIX, then FREE

4 Flrst ZFIX, then FREE

5 First TFIX, then ZFIX

6 First TFIX, second ZF!X, third FREE

9 Requires program to compute only fraveltimes,
residuals, etc., for a specified focus (MODE = 1),
with no subsequent adjustment of focus.

equal |, 4, and 6 commands.

los~



Data Deck Set-Up

DI (Station Iist)
Blank

02 (Model 1)
Blank |

03 . (Model 2) Omit for 1 - model case ‘
Blank |

04 : Param 1

05 " Param 2

X1 - I required

X2 _ 1. required

D6-2 (P%a;e cards)

07 - ln%ff5carq (can be blank)

06-2

07

D06-2

07

06-2

o7
1 %een 0 11 12 13 14 15 ...

o - )
e o to STOP" card

END

106 (oage /67 frtirst)

P7
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Appewdiy HYPOLAYR

Rctuf‘r\j 7':1- Lew "/'<3z,n y Ga ELOCK DIAC_ RA/V\
- \Read station list [
R*‘-“H':"/j $21~ pew mode! _—

YTy P
Leeniry 40% new ‘ﬂeav) saed o spece tt‘uﬂon,‘/
",’!a'ra’mcr'C?S — @
\ Read rarawcier lists -/
|

' V
| Caleulair avrvravs =2 —
Reentivru L_Jor ’7‘/7/0/2\/ / :<__1 TPAR
for neévy
v?uok(e_ y D

’ \Read guake phkase cavds [

Match phase and slation lis/s
Caleulate reduced P-arrival fimes

[ Detevrnmine preimypary nypocenter | — 2R E HY
!

. X
{Caleuladte .c")ot cenirel distances|

)

1Ca,lcu/a+e rv‘é\ve/{ 1 es, derjvatives,

e S
and anmagles of r,mcz/ﬁrce ‘é__{/RVDRV}

L
Calcyla+te Evavelting vescduals
and “adeguocy o5 £ 1" parameters

Adeguate Yes >

No o

Tievations

Co- cu/aJe coeddicionts of normal e7q:n'/orr
for campq-/ma i'“}u’cfn/kft/ ad]usfm{nff
7

| Calewlaic hypocenirel adqustimnts (2 4vzos !

Caleylate plane d
oyreclion wave So/u"zmn \ VELAZ |

found 2

tn L1ty o hupocenitr
N
Print plave waye
. solcdion \
. J
£ . (Go TO)
Res{f"( CDV"/’:C’?IDh! )

Hypocenter adjust mentd loop

70 Keep fozu s
Unddl-r o you ne

- |
N

L )i
’é‘j Caleulate correcd 22 —(aral]
p

Coordimmairs

N

C“/a.t(’ S“’OJ("( reo ! sapained £+5$ ’
h%)/o"/‘n"-'/‘ /)r,rr e d 1A

N

rConver-,i- }1 poccniTal coorhnat fs’}
‘f‘kavc/{um‘s clzs/a e cs, angles, e,
10 torvreet Forms for aw,n-/un‘ ’

- let . N2 o




110

[} |

’Ca/uf/a?"( m?/h?eqkr mnﬁml‘qc)p_l :’: W")AGN@_{

Inerementi countevs oud sum

vearsters used in cajeuladion

o% 57‘&\.{(#(&’&/ summaryy

Sor a  "sel" of ea‘rfhzuqkf's
4

J

Print and for Punch out put
yeving solufjon for
indivedual earth (KHQKC"

Anothet”
Solaiion require
§ hes

Yes

ther
nov
Yes ua ke 1o be

Calealate statis{ical summary of

travellime vesiduals, * ma nitude

ves(d vals ,wuc, X-maquetade resctugls
Print statisiieal summar
Print Jis1 oF sfations {haT

were n{'g)sdaa/ (v ,'u#ocen*.‘/’r
aclqustmend s

N

(sTor )




i

SUBROUTINVE TPAR

Load subvroviine wiih viodel#] Fm'/amc’ievrs:

boundary depths ane Jayen velocities DPIK),VK)

N

Calculate layer thichknesses, THK(K)

Compu'&e intercepts TID(K,L) a.nd'crzfth_/
distances DID(K,L) for refrackted waves
from focus on boundary K and srefracted
along boundary L} K21, NL | L=k,Nk

TransTer results $vom subrouatine wovkmcj
avrays +o 5:‘01»0.3\" arrays P THKI(R ),

TION(K,k), DIDI(KyL)j k=1,ME] §L= K, N

{

Return to be Iﬂn/nf;/pa.g) Sabroutine with
model =2 parame.fers)-—rer;ad- calevla Frons
14 obtacwn model = 2. arra s transfepr mode|
#2 results T storaqe aTraysiTHK2 (K),

TID2(K)k), DID2(K,4) ) K=1, Nl jLzK, VLD




SUBRDUTINE

N\

[

OR& = PMIN=-2.0
LONEP = LoN(2,NEAR)
XoNEP= XoN(2,NEAR)
LATEP=LAT (2,NEAR)
YATEP = YAT(1,NEAR)
2=2TR

| Yes

] ORG=0ORGS [

11—

O/M\’

Y

PREHEY

N

OR&E =PMIN=2.0
LONEP = LOTR
XONEF
LATEP = LATR
YATEP = YATTR

Z=2ZTR

= XONTR |

( RET,\ARN)

. N
(RETU RND

YNOT) and T|
by Ihalada'S methed
us;niht stattons

Comput& XNOT,

Solve for XNOT and
Ynoet m terms of T/
by Inal‘Ic)q’s wethod

using 2 sfattows

ly

XONEP
LATEP
YATEP

-

-
-
-

v
N
T1=TP(NEAR) - ORGS
Compute XNOT «yyoT
2= %2TR :

ORG =TP(NEAR) —T|
LONEP = LORED
XNOT / PH
LARED
YNOT /66

7

Substctute XNOT and
YNOT(1n terwms of T1)
indo one of the

or: ma} eguations
and splye (i (guazimic)
forT! . Evaluate
XNOT and YNOT




Subvoutine T RVDRV

Load model #]  paramel crs and TP/}Ramzs
(infercepés amd evidical disTances $ov
redracted waves Srom foel on /"'7”'
boundawries)

Detevmine which lagen tontains foeus
| and c)e)oih of focus below ¢?5 7‘5/” i

Caleulate cntercepds aund ercttea) istances
ok possible refvacisd waves from Jocus

at ambient” a/()di‘h , 2

Load wmode) st pavameitrs
and TPAR avveys

Compute XCVMAX the epieen?va) dsstance
! )

veqond which ol lst avrivels mas? b¢

rrdrocted woves

fip

Foy‘-zdxveu A/ campwbe refraci{con Limes

for all posschle refraed com paths and
determine wheeh vs earleest

Y @ Yes No

§

No

asf wode]
o] sladion
g

Set T(8) ¢qual to eanliest

y
Caleuiafe azxand
3%)’ and T)q'é-

these Co{’%’xuen'fj
aswellas °2T/22
[nto amo-ropv-m%(’

7 Yes Fotus No
= TP{T(LC,?LLOH Zime and ; in Frvst
'% tompuie 27ha ,»?"'/'E;;s) layet.
R and avalt o5 incigence
- at focd's fot that futh Caleyla+e tvavel- Caltufatc travel
S time of derect tim e of derect
= wave throug b wolyocdcd wave
: AN :$‘é‘ [“Lje‘v\ (’{V‘OW jaw iy /,)(’ff?"
=] ik Yyrst)
=< {Man :
v
/A

wave eaviteriing
Dive:t

wavy cavlife than
Fefrattions

AYTOo 45

13

CTompudation
Comyplete for al
Siatwns

3
!

Set T(a)equal) o 2h¢
i1st laver cireet
wave Yiravel Limf
and ompute 2724
2T/52 yand angle of
incdene e at tHhe

focus Sov tas /’“1/’

Set T(a)eoua) Lo fir
divted wave tyave
timé 4wl :ov'/‘}"u.‘;-('
2TH4 2Thy , o wd
a"j!? of imerderce
at'the {ceus Lo
Ehis path

N




SUBROUTINE HYCOR

2.3,5.6457»\ SN (E-Fixep)

Invert the 4#%x4 mairx

of the "FREE "hypocenitr
adsustment and calenlate
the fouv — compon ent
correctiom veoctotr

Invewrt the 3x2 matdrrX
of e 2~—FlXED"}r-7)oocen't'€‘r‘
4.4;‘45’1*“8141‘ and taleulate
the three-componiw'f
torrectlom vector

N

Invert 3x3 matrix of the
To- FIXED hypocent e
ad?wzsi went andeqltnlate
the thyee-compontnt

tovre ction Vecttor

Caleulate the two—
cowr)aonent Corvection
veclor of the

To v Z ~FIXE D hypocenier
ﬂ'f?«/.simem't’

"

WV

(RETURN)




SUBROQUTINE VELELZ

Caltulatie Xangy km-gﬂfi
toordinates of eaclh .sfau‘wn

Caleulate aimath o each
station on the KOLT st {rom
the earleest s +etiom,

Zdentify the stationon the

KOLT hst'that /tes farthest off
the lime jocning £he earliest
ane the KoLt th stations,

N
Caleulate azimath and ayparent
VE/M.L{«-] of plane wave Zhroudh
the Jst, Yarthesi) and KoLT'th
staftons,

7

Compute arvival-t imevestduals
velative lo eaviiest statcon,

More than 3 stns?
Tteratiows < 157
Last azumuth adjustment $0:0001 vod,

Yes

>

Compute Geger” egt coetficcents.
Compu-}c novwal n "

Adqasimend Ioop

< Com prde wlaus'é wents o arpannf
velocitty and azcmy th,

Adjast apparent veloc cty andazimuths

a

4

Compute meaw deyviation of
a.‘v-"mva.) times 1’2/:1'}'/"( “Zo
eavliest statien

EETURD

/)r



SUBROUT INE MAGNTD

A}"j{«jn "ot tom{mfea) ! -;’/oj; Yo P and
‘X" moan. tude vestduals,
Remove “=" flags from Jow /e vel
tvact amp/u/uc)e velaes,
Initiahize counters and -rejcs-)er;,

Caleujate (h‘,”opcem-}ra.} disdance)?

Caleulate individual station
P-maqnitudesior set "na-ﬁcmfw}e "
flag F data aveinadeguate
o g n tade cam,ﬂq‘f‘a.-/'cam

Calculate wmdividual statcon .
X-maqnctude 55 ov sed “not—computed"
flag of data ave nadesuate,
for miag fude cowpudatton

N4
Compute wmean P- ma. g mitude,

Cowm PM*-’ mean X-magac tude,

Comque individua) stat com
P—magntt‘uch’ anowmalies,

Cow«‘puv’e cneividual station
%= maqnctude avemalies,

RETURN



‘ ﬁypem}lx f

wn

10
11

12
13

14
15

17

S AU%Q%.%)?. Iv:ubs.}.\qﬂ T\;\mal:ﬁ?v

SWATFOR

DIMENS ION 2m4>—~.00-.P>4.N-00—-%>4—N-00. POZuN.OG-.xDZ—Nnécoo
LELE2,99) yDLY(2,99) 4 MDLL2,99) 4MSTA(99) ,W(99),QSABE(99),KDATE(99), -
2JHRI99) 3 JMIN(99),P(99) 4PRP{I9), AMP(99) 4 S{99) 4PRS(99) ;AMS(99),
NQZXQOG—.>3XQ@0-23a00?.°4.00—-ﬂbPV—OO—-ﬂ)PM—O@-ﬂ)PXgO@uoqﬁuOO.o
4DX(99);DY(99) DELTA(99) s T(99) AX(99) AY(99), AH(99) ,ANIN(99),F(99),
SPMAG(99) o AT (99 )BT (99) XH(99), YH(99), DISTL(99), THLI{ 99} ,FT1(99), -
6TS(99) sAZ(99) ,V(26) 40P (26) s THK(26) s TID(26426),D1ID(26,26),TINJ(26),
"TDIDJL26)s TR(26)9V1(26) ,DPL(26),THKLI(26),TID1(26,26),0ID1(26,26),
m<NaNO-OvNaNO—cqzxnQNO.-dnomaND-NO-O—UNQNO-NO->a&o&-w~&-<a#-
Oﬂ‘&-b~.OaU-w-o>v-UoU—qﬂvaw-ﬂaocu-vﬁacéu.KOaOOo.XXZO—OO-

DIMENSION EPMG(99),EXMG(99) :

COMMON ZM#)-P>4.<>4-PQZ.XDZ-mP-°P<-IOPqSMﬁbc «QSABE,KDATE; JHR
LIMINPPRP g AMPy Sy PRSyAMS s PRX pAMX 9 RK9DToCALPy CALS,CALX s TP ,DX DY,
2DELTA T oAX gAY g AH ANINg Fo PMAG ATy BTy XHy YHoDISTL, THL FT1,VS,AZ,V,
3DP s THK,T10D, OnUnduZ&-UnUgcdw-<—.Qﬂn.dzzwcduOﬂ.OnOn-<N-UVN-dIKN-
4T ID2,DID2,AyB¢Y4Cy0APBP G 4PT KOy XXMG9EPMG 9 EXMG.

COMMON/UNDM/HILO,CNSTy PHRPy ZPMAGy PHR X9 ZXMAGy KT ¢ KSTA,VB yPPP,ISTSy -
wxwmdm.ZFw-ZFNofbdw-<>dd2cfodxoxozqﬁqNZDd.F>ﬂmo-ﬁoxm0-300m-uzmq-.
2KRECy IHRyNEARyPMIN, ORGSs QQsORGyLATEP ¢ YATEP ¢ LONEP 9 XONEP 9Z yK2ZSW,
3XEP, YEP ) RAHyASDXy ASDY y ASDZ yASDT y MMy KOUTy XMAGLOSHW,PFIo VA, AAF,
4LHY¢KAZ ;DETA,MFARy PFAR¢KALX, KOLT ySMP,XNE AR X FAR ¢ ZTRy ZRES, PPMG

REAL LAT,LON;LATRyLOTR,LARED,LORED,LATEP ,LONEP

Dimen &zxs,g::xe:\ and Lype
block .&.tr* /5 ﬁf&?k&n?\ g

In all o.,m the subroydines

DIMENSION MPC(99), SCOF(99) ,SCOF2(99),AVRES (991, SDRES(99), SEM(99) .
INOMIT(99),GH(9G) ;MPCP(99) 4 SCOP(99) 4 SCOP2 (99) , AVREP(99) y SDREP(99),
Nmev.oo-.zvﬂx—oc-.mnaxaﬂc..mnux~.oo..><»mx.oo..mowmx.oo..mmxx.wOP‘

DATA MPC/99*%0/ SCOF /99%000/+ SCOF2/99%0,0/ y AVRES/99%-9,99/,
1SDRES/99%~9.99/y SEM/99%=9. 99/, MPCP/99%0/ y SCOP/99%0,0/y .
25C0P2/99%0,0/ 4 AVREP/99%~9,99/, SDREP/99%*-9, oox.mmzv\oo*SOoOO\o

. 3MPCX/99%0/ SCOX/99%0e 0/4SCOX2/99%04 0/ yAVREX/99%~9,99/
"4SDREX/99%~-9,99/, SEMX/99%~9,99/ )

‘Q:...an:u::a ae] .k#*ar sdatements
M.mﬁe. the stadisbeca) section

of the icun progvam

705 FORMAT(1HO,5X,*CODES (MODE LPC INST LOSW LHY KOUT KAZDI=(Y,
17124°)% 45X ?ORGS="yFTe 295Xy AV RESID=* sFTe245Xs * PMAG=" 4FT7+2)

710 FORMAT (2X A4y F2.09F5¢251X,F3.0, mu.~.wx.maoo.px.mmoN-vaumu-

712 FORMAT(FT.34F7.3)

715 FORMAT(3X,F2e041X9F50292XyF3e091XgF5:292X¢F5.292X4F2.051X,F3, o.
12X gF66192X9F56252X5 Il 1Xq Iy 11Xy 1191Xy 1o IXeFTa591XeFTaS51X411)

716 FORMAT(I2,3X3F5.292F5.0,9F5.2,2F5.3)

" 720 FORMAT (A4 A33F2.1916¢212,F5.2¢F4%e09F3,29F5¢2,F4405F3,2,F4¢0,F3.2y

13F4.1,A3,F5.2)

820 FORMAT(F2.1, >&.>u.~o--.mm-.muooomwow.mmowomw o-mw.w-mx.mwoo-
1F3¢295XyF4e15A3,F5.2)

722 FORMAT(S5X, 1642X9212 42X4A431X,*NOT ON STATION LIST,REJECT QUAKE?)

723 FORMAT(5X,16:2X,212,2X*INSUFFICIENT DATA FOR LOCATION®)

748 FORMAT (4X 9 *DATE® ,4Xy "ORIGIN® y TXy 'LAT*¢9Xy *LONG® 96Xy 'DEPTH? ,4X,
LPAAF * 34X, *SOPY 33X, * SDX?® g3 X¢® SDY® 33X *SDL® 43X ,*SDT*,2Xy-
2°KSTA® 3K,y *XMAG® 93X, T1%92Xy *KREC? 33Xy VH*) - )

T80 FNRMATI(AX LA IX 212 B8 2eFb.00Fb.2FT.0F6.2F7.1.2F7.2.3FA_1.

Collection of HJorma+t

statements

177



19
20

21

22
23
24

45
46
47

48
49
50

Dl

D2

D3
DY

.

143

SLDX)

‘52

1F6e293X0Y2,F8:6293X512,3X512,3X4F6+2,3X/) )
755 FORMAT(1652129F5.29F3.0,F5.2, ﬂ#oO.?WoN-mWon.NmmoN-UmmonoﬂmoNo
112,F5.2,312)-

158 moszda—ox..udbd-cz..wx..Omrq>..ux..>-..wx..»:—:-.~x..ow>wm..~x.

10TPY 46X ' TS 4Xy *RESTID® 93X o 'PMAG* 92Xy 'RSPMG® 93X o XMAG® 92Xy *RSXMG®
22X 9*RMK® 33X, U? 45X °G*)

760 FORMAT(12XsA49F6e192X9FS5.0,51X9F6e193X, >w.~x.ma N.Nx.mo.~.
hNXoﬂOoN-X.ﬂO.N~ﬁXcﬂO.Ncnx-ﬂOoNonX;ﬂO N-NX.PU-#X.ﬂW.N-nX.MW.N-

765 mOWqugox.>a.ﬁo.n.muoo.mo 19A3,34F6e29A3y 2F5.2913X)

770 FORMAT(//77)

780 FORMAT(S5X,1641X,212,F5.,243X,*STN?, wx..rmmmo..wx..qznan-. 22X
LOAZEP=°,F 86 291Xy * VBAR=' (FT42 91 Xy * AAF=? 4F5., Nppa..qum z.meJ.

2A%, 1%y A -

A4y 1 X -R)Nlocmpowx .nnﬂ..mNonx-.Xqﬂ-.-N.
782 FORMAT(2 3X9 A% 92X, o.~.~x.m~.-.m
30 Ls0 :
40 L=L+} BRI Read list of stateons :

Wm>°—m.d~092m4>.ﬂoP-Pbﬂ—woP~o<>da~.P-FOZ—w.P..xczun.F-Q.
L1ELCL,L),DLY(1,L) ,MDLIL,L) -

.o

and sitqatieon pavaw eters

TF(LAT(1,L))40,42,40
42 KSITE=L~1 L L » .
b ELsL1=0-001%EL (1501 - B Convert station elevations
’
44 CONTINUE : fvom wmelevs to kilowmeters
45 L=0 . _ : — « e
46 L=Lel . S Read cvustal model #1
READ(5,712) V1(L),0P1(L)" w :
mma<ﬂ—P—.oﬂql 0.0P@GO dﬂ #0 B m
47 NL1sL-] o :
L=0 - . ‘
48 L=L+1 . : S )
READ(5,712) V2{L),DP2(L) Read n.):&a.\ medel # 2.
IFIV2(L) «GTe 0.0L) GO TO 48
49 NL2=L-1_ '

50 mmbo-m.q~m.P»qw.<>ddwnroqz.xozqz.nqx.r>»mu.roxmu.cmr>~.<w.300m-,
1 LPC, INPRIN,IFMT,QQ,PPP,ISTS
IF (QQ .LT. 0.1) QQ=1,8495
IF (PPP +LT. Qe.l) PPP=1.8576
READ(5,716) KOLT,SMP, XNEAR yXFAR, Iuro.hzwq.v:xv¢~v:>o.v:wx.~x3>o.
1AVLT , AFLT , AFLP, ADLT, ADLP .
KLLT=KOLY - R
KOMIT=0 - C ; .
802 IF(ISYS .EQ. 0) GO qa anu
803 READ(5,809) TAAF,TFR,THWT, >quq.-q.qu>-xozuq
809 FOKMAT(4F10.3,315)

Trial vala €3,cons tants,

and optwns used
In oevr ctan w.‘.-&\\zq NN&Q.&
the 1ayy %.\.bc.ﬁ:;r ’
ratameler
avidd subtoutines Fara ¥
i . catds

Aﬂaﬁa.:n.ﬁm%m *be. v
statistcea) section

e

)
~



53

55
56
57
58
59

60

61

62

77
78

79
80
81

82
83

84
85

)
/

IF(KOMIT .EQ. O) GO TO 813 eooa e

54 DX2. 804 READ(5;811) (NOMITIL),L=1,KONIT) - L

811 FORMAT (1X, A4)

15t of stations $:§w.s.~

L
«u:»;s%qxx*mﬁ.¢~:m&

813 IF(INPRIN LT, 1) GO TO 52 R .
51 WRITE(6,840) KSITE . Lo T ..?; o

840 FURMAT(10X,°KSITE = *,13) .
WRITE(6,841) (NSTA(Ll,L),LAT(1l,L),YAT(], P—-POZ-.P..xOZa~.P.-
1ELC1, L )oDLY{1,L) MDL{1,L), L=1,KSITE)

841 FORMAT (10X gA4¢F4 0y FTe293XgFS5:¢0,FT0243X,FT, w.wx.ﬂdoNcwX.—N.
zWudm.o-m#N-ZFH-ZPN-quz <>dqﬂ.Pqu.XOde.Ndxqrbxmccrcwmcncmr>N.
1MODE sLPC, INPRINyIFMT,KOLT,QQsPPP,ISTS .
:WndmaOQGON.wzv-XZMD?-XMDS.IuPO-ﬁzwd-?zxv-NVZ)“.?S”X-NX3>O.
1IAVLTAFLT,AFLP,ADLT,ADLP

1 14).
IF(ISTS .€EQe O) GO TO 863 . B
WRITE(6,865) d>>m.qmw.q:4->34mq.-q.qu»-xoznq
865 FORMAT(10X,4F1063,315,4/) .
862 FORMAT(10X,F60292F7049F7.292FTe 3}
863 WRITE(6,843) (VI(L),DPL{L), L=14NL1) : . -
IF(NL2 .EQ. O0) GO TO 52 . i
WRITE(6,843) .<~gr_.ov-ro. Pu—.ZPN. -
843 FORMAT(10XF10+34F10.3)

842 FORMAT (10X,213,F6,0,F8, N.md.o.wmmoN.mOoo.mdﬁo.md.~.&uu.m&.~mo.m.

t

Opteo S,P;. .Tﬁ.:*c&* of

station list aud

%3&. ietevs

52 CALL TPAR _ -

Jubiroitine 4o caledlate »13¢u
used In the ﬂvahq sdbroytine

IF(NL1 GT, 10 ,ORe NL2 .GYT. 10) GO TO 57
$3 IF(NL] «LTe 7 oANDe NL2 o+LTe, 7) GO TO 56 :
m& :anmao.awm..qzxuug...qucnnr.g.-runcwo..-oucpar.g..rnuouo-

1J=1,10)
IFINL2 .EQ. o. GO 10 57
HRITE(6,888)(THK2(J ), (TID2(L, L.-P ﬁomo—.—OuON—P.L..Puw.wbwo
1J=1,410)
888 FORMAT(5X, 21F6,.,2)
60 710 57
56 WRITE(G6, mmo.—423~—5..~dncwar-gu.rnﬂno-..Oncp—F J)eL=1,610,
1J=1,6)
IF(NL2 .EQ., O) GO YO 57
Iwudm—O.wmo-d1XN—L-~anN~P-Q~.P =1y o-acuowarcgeoPunomvc.
14=1,6) ) .
889 FORMAT(5X,13F8.3) : .

. Q\.%nes al ua?:\;o:* of

T PAR nﬂ.@.ﬁuu.

ST L=0

g



86 .

a7
88

89 Dé-1L
(01)

90
91
92
93
94
95
96
97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112

113
114
115
116
117
118
119
120
121

122

KOLT =KLLT PR U Y T
58 GO YO .mo.mw@..um:4 ‘ :
559 L=L¢}
READ(5,T720) zmq>.r..om>wm.r..:.r..xcpqm.r..g:x.r.‘g:—z.r..v-roo
~>:w.r_.vnv‘r..m.r..>zm~r_.vwm~r_.>=x.r..vxx.r..o»rv.r_.n>rm.r..
2CALXIL)YRKEL )4 DT(L)

Read phase cards

560 IF(KDATE(L) «GT. 440000) GO TO 559 —y Read neat phase cavd

561 IF(KDATE(L) .GT. 110000) GO YO 900 —7 Gofo switch at 2_;&\3\?@»

562 INST=JMIN(L) Read INST and ZRES .
IRES=P(L) v

564 KREC=L-1 .
IF(INPRIN «LT. 2) GO TO 566 .

565 WRITE(6,846)KREC ¢1NST,ZRES
:nuqm.o.moq_.zmq>.r..xo>qm.r..g:w.r..gz~z.r..om>mm.r_.z.r..v.r..
LAMP(L) sPRPUL)S(L) o AMS (L )4 PRSIL) AMXIL )4 PRXIL ),
2CALP (L) yCALS(L) yCALX(L) ,RKIL) DT (L), L=1,KREC) - S

867 FORMAT (10X¢A4y2Xy1692X921292X9A3¢2XsF3e0¢FTe 2¢F5.04F562,
1F7e2¢F5.0,F5.2)F5.0,F5.293FT74292XsA3,F7.2) L

N

on mxmn&.?e; n&.«.& -

.

Opt onal’ q.o.%\x?:*

of phase [ist

566 IF(KREC «LT. 3) GO TO @Olﬁot “no soltion” pPrinteat
567 IHR=24
DO 570 J=1,KREC
G(J)=1,0
ZarzﬂqﬁoOIZ‘L——\&OO

Conyenrt exlernal ::p«..\u«.
welghts #o intevrnal
fracliwnal welshés

CSAB=ABS(CALS(J))
IF(CSAB +LT. 0.01) CALS(J)=CALP(J)
568 CXAB=ABS(CALX(J)) .
IF(CXAB «LTe 0.01) CALX{J)=CALP(J) )

Set “S* and “X" calibyatiey
equal te “P" calibralion of
fermeés at-e .\\:\uv\\s\h&

569 IF(JHR{J) <LTe IHR) IHR=JHR(J)
570 CONTINUE
572 GO TO 69 __ g .

Detevmine “hour®of
earliest arvrival

spavo osvid T m Fvwaed

59 L=L+1
READ(5,820) :‘P—.zmd>.P-Dm>mm“P-.xc>qm.P..ng-F.-gz~z—P-
~vaP->zv~P-vxv~r..m.ru.>2m-r—.v»m—r..>zx.re.vwx~ra.n>rvar-o
2RK(L ), DTIL)

60 IF(KDATE(L) «GT. 440000) GO 7O 59

61 IF(KDATE(L) .GT. 110000) GO YO 900.

62 INST=JMINIL) o ’
LRES=P(L)

64 KREC=L-1 :
IFCINPRIN oLTe 2) GO TO 66

65 WRITE{6,846) KREC,INST,ZRES

846 FORMAT(10X,'KREC=¢,12,2X, ) INST=",1242X,' ZRES=' 4F54 -
HWRITE(6,847) (MSTA(L);QSABE{L ) KDATE(L )y JHR{L),JMINIL) ¢P(L)y’
1AMP(L) yPRP (L) »S(L) g AMS (L) 4PRS(LY JAMX (L) o PRX (L), CALP(L),
2RK(LY,DT(L)y L=1,KREC)

847 FORMAT(LO0X A4 92X 9A32X91692X92124FTe. N.mm.o F562¢F762,F5.04F5¢2y
—mx mm.o mmoN.mx.mo.-Nx.bw.md N-

.

|7 rowm40f VY

20



123

124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

66
67

68
69

70
71
12

80
82

85

87

815
88
89

S0

nm.xzma.rq. u. ooaooo.
IHR=24 ° i B
DO 68 J=1,KREC

Wl =(4,0-H{JIW4eO .
GiJ)=l.0 LT
CALS(J)=CALP(J)Y =
CALX{J)=CALP(JI)

IF(JHR{J) oLTe IHR) IHR=JHRIJ) -

CONTINUE

SpAvo 35”‘10

DO 82 J=1,KREC
DO 80 I=1,KSITE

IF(MSTA(J) .EQ. NSTA(1,I)) GO TO 72 '

.m.m.mo.xmnqm.oaqaou
GO TO 80 ‘
LAT(2,J)=LAT(1,1) .
LONC2,J) =LON(L,3) -
YAT(2,J)=YAT(1,I) 3
XON(24J)=XON{1,1) .
DLY(2,J)=DLY{1,1) "
EL(2,J)=EL(1, 1)
MDL(2,J) =MDL(1,1)
NSTAL2,J)=NSTA(L,I)
GO TOo 82

CONTINUE .

CONTINUE -

GO TO 87

’”

.
]

Mateh plase and

stateon hists

WRITE(6,722) xo>4m.g..g:x-u..gzmz‘g.-zmq>—g-

Regect guake 1§ sin on phase hs¢

WRITE(6,770) . ,

GO Y0 ST is 3&.*.- «.vv.. M&.\«&.«Q& \s“*

LOSH=0

OSUM=0.0" ) . : Set um\mnmm«* sweteches,

mmmw.uo.c" ' Sum vegqrsters; and ———— ——-
“ .

LWC=0 - counters

00 95 J=1,KREC

qv—u.nmrc>q.uoaa*.gzw.geluzm~+oc*gz~z—s._+v.ga+cd~s-

PT(J)=TP(J)

Calealat e (vreduced) Pariiva] finies
and set up Eim....:u arvasy

GH(J)=H(J) .
IF(KOMIT .EQ. 0) GO TO 88
DO 815 K=1,KOMIT.

IF(NOMIT(K) .NE., MSTA(J)) GO VO 815

W(J)=0.0
CONT TNUE

set “o" S\m:u“l. .«e? statcons
on the “omrr” hist

IFtW(J)- o.w.om.ouoao 4 .
LHWC=LHC+] : o ’
1F(S(J)190,95,90 A

If ?s&.ui <&} ) Ynore ufv datae

owamuqv.;.smxv;.u.g.xv.g..

Caleulate S-P oviaw EFiae

)



pant for
o sofuttens

f

~170
171
172
173
174
175
176
177
178
179
180

181.

182

183

184

185
186
187
1€8
189
190
191
192
193
194
195
196
167
198
199
200
201
202
203

204
205
206
207
208

209

OSUM=QSUM¢ORGS - . = . R Calculate S-P oviqin tine

ti=Llel Ce o T S fov staltou J )
S5 CONTINUE _ - .

TF(LWNC-3)96,97,97

aozw—qm.o.qwu.xc>4m-..uzwan..gz~z.n..
KRITE( 64770} : : .

. AN

1¥ $ewes than 3 s3tns have
ﬁ-s‘.béiu %03, reject «.t:%

GO TO ST - S
97 XLL=FLOATILD) _ Svnie S—P oviam
IF{LL .EQ. 0) GO TO 99 . . Calealate avesaqe S=P d
98 LOSH=1 : . ) ) Eime k:& m\»d 1s &(blb_?:*d‘

ORGS=DSUN/XLL

99 IF(LWC +LT. KOLT) KGLT=LWC. A —
100 DO 105 I=1,KOLT . -

PTMN=9999. 0

10X=1

DO 104 J=1,KREC -
IFLW{UY)-0.3) 1C4,104,102

102 IF(PT(J)-PTMN) 103,104,104

103 PTMN=PT(J) ‘
10X=J -

104 CONT INUE . T :
PT(IDX)=99999.0 . : .
KOL1)=10X .

105 CONTINUE

.:Q.E&?a. eavfiest 1KorLT -

Cstations :&S:@. Nuusxmaur*u
Q.;m&*w? Ehia vy ©ed (n Q.T“\NQI
of Ihn Qﬁ.\a“\xu P- ware
avrival times

NEAR=KO(1) -
PMIN=TP(NEAR) .
MFAR=KO(KOLT)
PFAR=TP(MFAR) .
KALX=MFAR

Spect & Istanc) Kelt'th stas and
the cor-es »\S:..\:& avyvt] Lués

Define KALX tempav-avely

[1=0
IF{INST .EQ. 8) GO TO 185

INST =& divects seladic tothe
VEIAZ qresctene

113 IFC(INPRIN .LT. 5) GO TO 115

114 WRITE(6,848) IHRyMSTA(NEAR) 4 LOSW,PMIN, ORGS

848 FORMAT(10X,'IHR=",12,2X,*1ST STN=' A% 42X ,* LOSH=",12,2X,
1*PMIN=*,F8,292Xy '‘ORGS=",FB8.2)
WRITE(6,849) [MSTA({L) NSTA(2,L),LAT(2,L),YAT(2,L),LON(2,L),
IXON{2,L),DLY(2,L) EL(2,L),MOL{24L) o TP(L) 4W(L), L=1,KREC)

849 FORMAT(10X)A492X9)A4,F4e03FTe292X9F5,09F7e2yFTa2sFTe2s13,2F10.3)

Q%*Ru:k\ T».J:.?f.\ N\.\ :q&.xa.\;es
phase erid station 11sds

115 CALL PREHY
IFCINPRIN .LTe 3) GD TO 118 L

Subredbine o fin preliningey
hypocentesr

116 WRITE(6,850) MODE,LHY,LATEP,YATEP,LONEP, XONEP 42 sORGy
IMSTA(HNEAPR) yMSTA(MFAR) s MSTA(KALX) .

850 FORMATI10X,'MODE="*,1292X, 'LHY="?y1292Xs*PREHY({LATT,LONG,DEPTH,",

1'NRIC.CSTNS N.E. Y12 Y . Fh -N.FT7 2?2 e2XeF5.0.2F7.2.F10.2:.2X.

Q\u?n:»\ %%Exg.& of the
prelmimary hypoeeater



a3

: ' 2A4¢ 1% A%y 1X,AGZ)
1 210 118 DEDN={XFAR=-XNEAR)/0.9 Caleulal { & ojcec
. : aleqlate coeffictént ysec)n the .
Hu hd 211 119 ”»—muwc .O S . B cempulation ot :.n .\G&ax.&\\ :.\\..t;\\: _\?\\v\.
= ° ) ) - : oo :
Nﬁ“ x~m='~ ‘... , Vs . .. .3,,., - .. - .. - ,:_ Le e - .
214 11=0 ’ - I ;
215 IFCINSY +EQe O +ORe INST LEQe 1 +OR, INST .EQe -
1.0R, LOSH <EQe. 1) 0 70 HNO . .. . y \\ .
216 120 IF(INST-6) Sp.zw.mzo ERE s o Mawspulition oA switches
Y 217 121 IFCINST=-3) 122,123,122 . Co S : 8:«3\\\:& vepealed solytions .
I3 218 122 INST=1 . o L ,... . . i
$2 519 GO TO 124" S : :
..mm. 220 123 INST=4 .
3Y 221 124 IF(INST +EQe 1 «ORe INST .EQ. 4) Z=ZRES q
— 222 3125 I1=I1+l :
223 XEP=60. o*.rozmvlrowmcnéxozmv ' '
224 YEP=60. O*(LATEP~ F>wm0- ¢<>4mv )
225 DELMN=999. 99 - ¢
226 00 130 1=1,KREC :
MMM MWM“”—MWM—.UM”NA"”“"N. I -#F>2NO-¢<>HQN- -+<mv )/ (120, O*WNQ NOV-QQ- ﬁ»\h:\&*ﬁ m%hhm.:&uxﬂwa N\sm%awvwhﬁm H
229 DX (1)=(6040+(LON(2, I)=LORED ) +XON (2,1)=XEP) +PP and deteymme smallest eneld
230 DY(I)=(60.,0%(LAT(2,1)-LARED)+YAT (2,1)~-YEP)XQQ , .
232 126 IF(DY(I)*DY({]) LT¢e 0.000001) DY(1)=0.001 . y
233 127 DELTA(I)=SQRT(DX(I)=DX{I)+DY(Y)xDY(I)) : ot .
234% IF(DELTA(I) LT, DELMN) cszZ|Um-..q>—- . :
23s 130 CONTINUE ]
236 121 IF(DELMN .GV, DELAZ <AND. IT .GV. 5) GO 70 185 Go 2o VELAZ vontine 11 .u
— ,n«.,m:* 15 beo fav fyom netwopk |
Subvewting to caledlate Frvivelsines
devivatives | aud a:q\& of :
237 132 CALL TRYDRV. aneedesice ‘at the focas
238 138 AAF1=AAF
239 AAF=0.0
240 Mmczuo.o Set.swetches, 8:.:5& amnd
W.Mm xw%ﬂumoo SU M a;mﬁaxmﬁm
243 HWSTA=0.0 : : .
244 AWF=0,0 , . :
245 AWUM=0,0 L . :
246 IF(ID .LT. 5) GO YO 148 . Do net wivght avvivils according =
247 139 DO 145 I=],KREC 1 So*a:n\ betoie the m§ cteiratien
- 248 IF(DELTA(I) LT, XNEAR) GO qO 144 ‘ ) . ~ R
249 140 IF(DELTA{I) .GT. XFAR) GO qO.. 143 .




250
251
252
253
254
255
256
257
258
259
260
261
262
263
284
265
266
267
268
269
270
271
272
273
274

275

276
277
278
219
280
281
282
283

284
285
286
287
288

289

290
291
292
293

141 G(I)=1.0-(DELTALI)-XNEARYJDEDN .. .~ .. 5. .7 0 o
GO TO 145 - - | T

143 GLI1=0.0 - . e S T
GO TO 145 2 : _ .

144 G(I)=1.0

145 CONTINUE

/

Ds.\n:\ﬁ.»._ dJista :nm\&&%:&mi
:\?ar.?:u factors A

t

148 DO 150 T=1,KREC .
FID=TP(I)-T(I)-DLY (2, 1)-ORG

Caleglate avrival Lune residuals

IF(HIII*GL]I) +LTe O.1) GO YO 150 .

149 KSTA=KSTA+] . ' ’ A :
ASUM=ASUM+ABS(F(T)) -
BSUM=BSUM¢F(I) - L
HT=H(I)%G(1) —— combined $.2.ar+
WSTA=WSTA+WT . "
AWUM=AWUM+ ABS{F(I)*NT) " I -

150 CONT INUE AR .
IFIKSTA LYe 3) GO TO 96
XSTA=FLOAT(XSTA) . - R .
AAF=ASUM/XSTA —y megn deyiation.
AVR=BSUM/XSTA —— avera g+ restdua .
ABVR=ABS(AVR) ——> . o " modalus
DAAF=AAFl-AAF———> change 1n mean deveation

-

Cqlealate %a,a&.:-m\mu@. velated

<1z »u\mm aacy of curvent
Solqtion o

.

>=mn>zmz\zm.;(l|u4ﬁﬁw?~ wieqn dey ation
IFCINST .NE. 91 GO 1O 630 —

616 HRITE(6,850) MODE,LHY,LATEP,YATEP,LONEP, XONEP,Z yORG
1MSTA(NEAR) sMSTA(MFAR) y MSTA(KALX) o _

617 WRITE(6,851) (MSTA(L)DELTAIL) ,T(L) JAX(L) AY(L),AH(L), ANIN(L),
1F(L),y L=1,KREC) : . T o o

619 HRITE(6,620) AAF 4AVRyAHF ) XSTA,HSTA

620 FORMAT (10X, ' (AAF;AVRyANF s XSTA HSTA)=(*,3F8,4,2F8.2,%)*)

621 WRITE(6,770) . ’ : : .
GO 10 57

Printout dor INST=9 option, which
4ses program o covis %:*w «?v?:aﬂ&
traveltimes, devivatives aud a:u?u
oF meidence at the Socys as wellas
vesiduals for « specctied focuds

and orIgin 4ime

630 IF(IT oGV, 12) AVR=AVR1

Restore Jalth eteraticn AVR {o3~ ppontewt

IF(INPRIN LT, 4) GO YO 153
151 IF(IT1 +GT. 3) GO TO 153 . .
152 WRITE(6,851) (MSTA(L),DELTALL),T(L) AXIL) JAY (L) JAH(L) ,ANIN(L),
1F(L)y L=1,KREC) , A
851 FORMAT(10X,A4)FT7.2y 6F8e3)

mv.o\?uoxl %S.;*c.ﬁ, ¥ &G*ﬁ:&mm\
traveltimes, derpatives, efe.

153 IFUINPRIN .LT.3) GO TO 155
154 WRITE(6,852) YEP,XEP,Z,AAF,DAAF,KSTA;ANF,HSTA
852 FORMAT (10X, 3F8¢292F843,2Xy13,2Xy2F8,3) "

01*3..:. ) 13:4054 of clmbient Sace s
dane statisteal w&qﬁ.:mw*nq«

156 11=13 —> :

GO TO 158 -
157 11=14 . ?
158 AVR1=AVR :
ORG=0RG+AVR -

Fla .:.???:..”? gt cn gften 12 (tpatcas
Y with sabsegucnt adyustment of rigm time

..vﬂ»a .:&:5?:4 .«3..::5,\:.:..*& m}\#:aed
scfutrion with w.:&mn.w.:.:* DL&:»*.:«:* - |
ot oriqun timse ‘

B
N



294
295
296
297
298
299

300
301

302
303
304
305
306
-307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
3238
329
330
321
332
333
334

.

GO TO 138

161 IF(KISH .EQe 1 «ORe II +LE. 4) GO TO 168 .
162 IF(KSTA ,EQ. MM <AND. ABVR .GV, AVLT .AND. KOUT .LT., 3) GO TO 168
163 ABDAF=ABS(DAAF} . : , .
164 IF(ABVR +GV¥e AVLT .AND. ABDAF .GV, ADLP) GO TO 168
165 IF(AAF +LT, AFLT oANDe ABDAF oLT. ADLT .ANDe ABVR oLTe AVLT) .
160 10 300
166 IF(II «GVe 8 <AND. AAF +LT. AFLP .AND. ABDAF LT, ADLP .AND.
1ABVR .LT. AVLT) GO TO 300
167 IF(11 «GT. 8 +AND. AAF .LTe AFLP .AND. ABDAF .LT. ADLP oAND.

Tosts fov contmuatievi or lernynatioy
of itevatons ....\na\tn {ests

qoermis { ?:u {ermingdien QR:U.\ as
the number of ilerations
1nevrecses,

-

~>m<ﬁoﬁmo><rqvooqonmﬂ

168 DO 169 I=1,4 . )
8({1)=0.0 . o . .
DO 169 J=1,4 T
A(1,J)=0,0" ’

169 CONT INUE
00 170 I=1,KREC.
WT=W(I)%G(]) :
Alla1)=A01 1) ¢AX(T ) EAX(I)2UT
Al1,2)=A(1,2)¢AX(I)*AY (I )2UT .
Al 1e3)=A(1,3)+AX(]) *AH(I)*WT
Ally4)=A(1y4) ¢+AX(I ) *uT’
A(232)=A(2,2)+AY (I ) *AY (1) *UT
Al 25 3)=A(2,3) +AY(]1) *AH(T ) *WT
Al2,4)=A(2,4) +tAV(I ) WT
A(353)=A(3,3)+AH{I ) *AH(1 ) =UT .
Al344)=A13,4)+AH(] ) 2UT
Alb,4)=A04,4)4]1, 04T . :
B(1)=Bl1)+F(I)*AX(T)*NT
B(2)1=B(2)+F (1) *AY(] ) =UT
B(3)=B(3)+F(I)*AH(1 )*UT
B(4)=8(4)+F(1)*uT

170 CONTINUE :
A(241)=A(1,2) T
A(3,1)=A(1,3)
Al4y,1)=A(1,4)
A(3,2)=A(2,3)
Al 4,y 2)=A12,4) ) ,
Al4,3)=A(3,4) .

ﬁa\a:\,&.\.m cocfficcents of

novmal TN.:».IQ:» used 1n

ov.iﬁ.ax#*g:v o% -
hypocentral ady cstments

AHMX=-1,0 . : L ’ -
AHMN=+1,0 ’ ’
DO 180 I=1,KREC .
IFCH{TI)I*G(I)-0.1) 180,180,171

171 IFCAHUI)-AHMX)173,173,172

.n,a\na\a*m +ange of wdmm.

1%-5



cteraqfien

335
336
337
338
339
340
341

342
343
344
345
346
347
348
349

350
351

352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
37
372
373
374
375
376

172 AHMX=AH(}) . o

173 IFC(AH(I)-AHMN) 174,180,180 . R

174 AHMN=AH(I) C e

180 CONTINUE = . . o0 -
RAH= AHM X~AHMN 3

IFCINPRIN LT, 3) GO TO 182

181 WRITE(6,853) Al(l,1), A(1,2),A0143),A01,405A0292)5A0243),A(244),
1A0343),A03,4),A04,4),R(1),B(2)+8(3),B(4) yRAHyINST

853 FORMAT (5Xy 15F8.492X,13)

O.vfe:i prindout of
norwial mu:&\%: coctftecents

182 CALL HYCOR

IFCINPRIN LT. 3) GO TO 184

183 WRITE(6,854) MMy KOUT, DET Ay ASDX3 ASDY,ASDZ yASDT, Y{1)eY(2),Y(3),Y(4)

854 FORMAT(10X,13,2X,13,F14.10,8F10.4)

.

Sabyoutnie lo eonipute
liey pecertia) ad jus tinents

Cptiona) printeut ot h \Q..hx:ﬁ_hkng.ﬁx_.\&ﬁu
.:.\w. velated parametéss

184 IF(KOUT .NE. 5) GO TO 197
185 CALL VELAZ

Subroittiné 4o n?s.u&%m .\30..-.?\ at&

~

PSY=PF1+4, T1239

189 IF(PSY-6.28318)191,191,190 "
190 PSY=PSY-6.,28318

191 PSY=PSY*57,29578
WRITE(6,780) KDATE(NEAR), JHR(NEAR); JMIN(NEAR )P (NEAR),
1PSYyVA; AAF ; MSTA{NEAR) s MSTA(MFAR) ¢ MSTA(KALX ) o KAZ oI ,KT -
DO 196 I=1,KREC: = . . A
IF(I .EQ. NEAR) GO TO 196 .
195 WRITE(6,782) MSTA(ID},FT1{1),TH1(]1):
woonchmzcm , q

azimath of plane wave aciess et

Reduction of solution to standavd
fovruniat aud 13:*9&* for
VEIAZ scubvoutine

WRITE(6,770) i :
IFCINST .LT. 3 .OR. INSY .EQ. 8) GO TO 57
2=ZTR

ORG=PMIN-2.0

LONEP=LON( 2,NEAR)

XONEP=XON(2,NEAR)

LATEP=LAT(2,NEAR) - - °

YATEP=YAT( 2,NEAR) - : . .
KAZ=0 e . .

GO TO 412

Reset 1%«.\:::3.\4 r.:.tnm:*:. ()
locatton of ealiest statton L
feurthes ax*wztxu .*o find a
solutton under cevtam

IANST conttvls

.

197 ABY3=A8S(Y(3))
GO TO 205 .

Test whelhed copyrectiwn will sﬁ*
foeas above «TQS:&

201 R=—-0,6%2/Y(3)
Y(1)=Y(1 .*nOO\QQOOO*”.
Y(2) “<~N-*AOO&¢OOO§’. .
Y{3)=Y(3)*R o
<a#-"<--*—°o\0¢°00 QW.

126

Restiuet solution, o necessavy,
to avocd a Jwﬁ&&?ﬁ.b&&-&ﬁ*#

205 XONEP=XONEP+Y(1) /PP

Calealate corivected focal



Retarn for guother

an
378
3719
380
3sl
382 ~oo
383 855
384 2C8
385

386 209

387 - 210
215

389 300

390

391

392

- 393 301

394

395 302
396

397

398 - 305
399

400

401

402

403

404 310
405

406

407

408
409

410 312
411
412 313
413 314
414 315
415
416
417
418 320

D e T T o i e

YATEP=YATEP+Y(2)/QQ = = =~

2 =2 ¢+ Y(3) D T
ORG=0RG+Y(4)

toovdnqtes

<znmozqa<.~.*<n~.¢<.N.o<.N.-

Herizpowlal shidt Irew last adjustwenyt

IFCINPRIN oL[Te 3) GO TO 208

WRITE(6,855) YATEP,; XONEP¢Z,0RG, <I.<.-.<.N..<—u—.<.0~

mOﬂ:»qA—ox.mmm.N.NNx-&mno 4/77)

0_9*.:.1.; AI&S*Q&* of
foca| cov -y~¢etion s »m%rm&

KZSH=0

IF(IT <EQe 4 <AND. RAH oLTe 0,02 +ANDe INST oNEe 1 oANDs

LINST oNE. 4) I=ITR -

I depth contro) has beey losl, vetura
{ocas do trial depth al end of H'th (teration

~m~<zl~°.o.N~m-~o.~nc
KZSW=1

Block depthadjustment on neat tteration
of <=V3 ko

6o To 125
LREC=0 T
ESUMN=0.,0 ) s . A.

DO 302 I=1,KREC

IFCHIII*GUT) oLT. °.~— GO To 302.
LREC=LREC+#1

ESUM=ESUM+F(I)*F(1)

CONTINUE

xwmnumFO>q~menlz=ln-
umaxwmntOoo.uom~wom~ch
SOP=TT7.77

SOX=TTT7 S ST .
SDY=T77,7 : - : .
SOZ=T77.7 o

SOT=77.77 _ T

GO TO 315 T .

wov«moxdammczxxxmn-
SDX=SDP*SQRT {ASDX) -
wc<umov*mozdabmo<-.
SDZ=SDP*SQRT(ASDZ) . " -

SDT=SDP*SQRY{ASOT) -
GO TO .wnw-uua.wpu.mnu.wpm.. zOCﬁ

SOT=77.77
GO 70O 315
SOT=TT. 77
SOZ=717.7
CONTINUE

Caleulate statistical | paraw efers

of uo\x.\.\w:

0S0=0.0

06520.0

IF(LOSH .EQ. 1) Omouozowlozﬂ
IF (XONEP)322,325,325

vlz-)



419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

449

450
451
452
453
454
455
456
457
458
459
4560
4¢€1
462
463
464

465

466
467

322

325
3217

330
332

335
337

340°

341

342
350

352
353
354

356
357
358
359
370

657
515
576

577

LONEP=LONEP-140 . .7 = '
XONEP=XONEP+60e0 . -

GO 7O 320 S
IF { XONEP-60. a.uuo.u~q.w- .
LONEP=LONEP+1.0 SRR
XONEP=XONEP-60,0 -
GO TO 325
IF(YATEP)332,335,33%
LATEP=LATEP-140 :
YATEP=YATEP+60.0

GO TO 330

IF (YATEP-60.01340,337,337
LATEP=LATEP+1.0

YATEP=YATEP-60 .0

G0 TO 335 . ,
KHR=0RG/3600,0 . : .
FHR=KHR - : g
KMIN=ORG /6 0, 0-60,0% FHR

‘e

FMIN=KMIN

mmﬁnONOINOOOooﬁmzwloo.o*mzmz
KHR=KHR+IHR
nv-mmo.wan.umo.wmo
SEC=SEC+60,0

KMIN=KMIN-1 .
IF(KMIN)342,350,350
KMIN=KMIN+60

KHR=KHR=1

N

Restore. origm {ime, lats1ude,
\b:L ?:m».\.a\\b o \ul,:.ﬂaak\
to comvenlwaal format for

\13:*«\&&\

00 370 I=1,KREC.
TP(I)=TP(I)-0RG

TS(1)=0,0
IF(S(11)352,353,352
TSCI)=TP(I)+(S(1)-P(I)) .
IF(DY(I) .LE. 0) GO TO 356
>-u.ul>q>zgcx.n.\o*.-..
GO 71O 357

AZtl)=3, ~&~m03>q>z.cx—u-\c<-~.
IFCAZ(1))358,358,359
AZ(1)=A2(1)+6,28318
AZ(1)=57.29578%AZ( 1)
CONTINUE

ﬁ«:ﬁ\%&* e wN.&ﬂa:\m\ times Py .W\Ngv‘«\m::mm\
and e vl ¢ w:.?l»t o - h\&..}b.,.. ’ N~.,m~\§.‘.\\..w-i

for prin tout

CALL MAGNTD

.M.&?\.u.&\\tﬁ *Q .:'.::‘2\7.» 3?~\_..-\§.\\~ S Jyem J‘JX av&r

. IF(LOSH .EQ. —_ 06S=SEC+050

.Mlmu ortyin time *Cn. Prantodt

IFCISTS «EQ. O

IFCAAF .GT. TAAF .ORe II «GT. IIT .OR.

DO 590 J=1,KREC.

HG I=GH{ J) *G( J) . - o
ABFJ=ABSIF(J)Y T
DO 582 K=1,KSITE

IF (MSTA(J) .EQ. NSTA(1,K)) GO TO 58%

«OR. INST .GT. 2} GO YU 698

KSTA «LTes KTTA) GO TO 698

..ﬂ.vw.xu for exclusion of event from u::::&%c

| &



468
469
470
47
412
473
474

475 .

476
4717
478
479
480
481
482
483
484
485
486
487

488
489
490
491

492
493
494
495
496
497

498
4«99

500
501
502
503
504
505
506
507

578 IF(K <EQe KSITE) GO TO 590
582 CONTINUE -

585 IFIADBFJ GTe TFR «ORe HGJ .LTe TWT) GO TO 586

Cum
@ué.ww«su.

.Nwm.s for axhsiv.u.} o* v\l\dus .
:Ss time scimmay 4\ for this event 51 e&.;&\m&‘

MPCIK)=MPC (K)+L | .
SCOF (K) =SCOF (K) +F( J) o
SCOF2(K)=SCOF2(KI+F(JI*F(J) ~ . - . .

586 ABEPM=ABS (EPMG(J)) S
IF {ABEPM .GT. AMTST) GO TQ 587

m$=:=nﬁc

Test for wx&:u:.: o station
Svoen %-.xhu summary, for this event

MPCP (K)1=MPCP(K) +]

SCOP(K)=SCOP(K)+EPMG(J) °

SCOP2(K) = wﬁov-3.+mm30—g.*m1=m.5—,
587 ABEXM=ABS(EXMG(J))

IF(ABEXM .GT. AMTST) GO TO moo

Test for erclusion o4 stateon
$vom \....:e.u scanngy 9, for thes 3\2.*

.

MPCX(K)=NPCX(K)+1 : B

SCOX (K )= mﬁOX—%-#mxzmabo - o

mnoxwax-umnoxN—z—+mxzm.u-*mxza—e- : . o
590 CONTINUE

.

698 WRITE(6,705) MODE,LPC, INST, Pomz.rI«.x0Cq.x>N.com.><x.vvzm
HRITE(6,748) :
WRITE(6,750) KDATE{ NEAR) yKHR,KMINySECoLATEP s YATEP+LONEP,XONEP,
12,AAF,SDPySDXySDYySLZySDT,KSTAy XMAGy II4KRECyVH

— 1 Ceadidion codes , ete

IF(LPC .EQ. 0) GO T4 390
KPLUS=0 ‘
371 IF(LPC .EQ. 3) KPLUS=1 )
372 WRITE(T7,755) KDATE( NEAR) JKHR ;KMIN,;SECy LATEP,YATEP, LONEP, XONEP,
u~.>>m~mov.mox-mc<-mo-moa.xmq>.xz>o--xwmn.xocq .

IF{KPLUS .EQ. 0) GO TO 390
373 KPLUS=0 - -
GO TO 372

Event m£§.§>$J on printer \su.\..§213~
printout
. sectioh
Event summary oa cave pench 4ot

Punch daphicate sammary of Euhu.w line

%3:#7

350 WRITE(6,758)
D0 400 I=1,KREC .
WRITE(64760) NSTA(2,1),DELTA(I)oAZUI),ANIN(I),QSABE(I),
LTPEID o TSUI) oF (1) 4PMAGLI) oEPMGUT) o XXMG(ID) s EXMG(ID)4RK(T)W(I),G(I)

avwd
| cayy punch
M*a}cwqt—crsmm hist on %ﬁ.:*m?

IF(LPC .EQe. O .OR. LPC .EQ. 2) GO TO 400

392 WRITE(7,765) NSTA(2,1),DELTA(I),AZ(1),ANIN{I),QSABE(I);

1TPAI) o TS(I) ,F(L) yPMAGUIN ,RK(I) yW(I),G(I)

400 CONT INUE .
WRITE(6,770) - o S
IF(LPC .EQ. 0) GO TO 404 . .
WRITE(T,777) L -

TT7 FORMAT (6X,98$5889 )

’ M&a*:ﬁl 1~.5v.n :m.% on ?.:»L 153&?.

Siap 1mes to sepayate event on prmter
Weite mm\ eavq fo scparate event decks . Ml

404 TFCINST LT, 3) GO VO 57 .
405 DO 410 I=1,KREC. ,
TPCI)=TP(11+0RG - | S




508
509
510
511
512
513
S14
515
516
517
518
S1§
520
521
522
523

524
525

526
527
528
529
530
531
532
533
534
535
536
537
538
539

540
541
542

543

410 CONTINUE .- -
412 INST2=INST~-2
G0 YO .&nm-epuoauo.&pd_-mzwqu
415 INST=0
GO 70 119
416 INST=}
G0 10 119
417 INST=4%
GO TO 119

Coulro) seclion fo wauipulate INST
vaviable T oblayn desired
sefuence o3 solaudions

.“e—\. Lhe sanie ear \:m:a?n

900 IF(KDATE(L) .GT. 114400 ) GO 7O SO
910 IF(KDATE(L) .GT. 112200) GO TO 30
915 IF(KDATE{L) .GT. 111500) GO TO 45

Quateh section accessid)e Frein data deck
T pevnt axmm:?:. at varioius .ao.:iu In _o«saﬁl.».ef

omo:“:uz...mn.o.8.6ooo.llvb:.oiii.?.?:?.s

951 DO 960 K=1,KSITE A
IF(MPC(K) «LT. 2) GO TO 953

952 XPC=FLOAT{MPC(K)) .

AVRES{K)=SCOF(K) /XPC
SDRES(K)=SQRT((XPC*SCOF2(K)- woOm.x-*mncmaxv-\.xvn*.xvnlnoo.-

SEM{K)=SDRES(K)/SQRT(XPC)

Calewlate dime yescdad) 0.&?2 \».TQ h
statistics o%

953 IFI(MPCP(K) LT, 2) GO TO 955

954 XPP=FLOAT(MPCP(K)) Sl
AVREP(K)=SCOP(K)/XPP .
SOREPIK)=SQRT(( XPP*SCOP2(K)- wnov.x.*mnovnx-.\.xvv*axvvlnoo...
SEMP(K)=SDREP(K)/SQRT(XPP)

tesidua) .m*a

m.m&.m;mam»..s.

h.a\&;»*« P- m1a \«:nm:&w SUMma d

sties

955 IF(MPCX(K) .LTe 2) GO TO 960
XPX=FLOAT{MPCX(K))
AVREX(K)=SCOX{K)/XPX

SDREX(K)=SQRT( { XPX* SCOX2 (K) - mnox-x.*wncx—xe-\-xvxﬁaxvxln o)) -

SEMX(K)= wozmxax.\mozq-xvx-

Caloalate X~ma VK ctude
irestdual statestoes

960 CONTINUE
WRITE(6,4976) -

976 FORMAT(////:+20Xy *TRAVELTIME RESIDUALS?, 15X,
1*P-MAGNITUDE mmm~0c>rw.-nbx..XIzbozchcm RESIDUALS? /)
WRITEL 6,977) -

WRITE(6,97T8){NSTA(L,K),AVRES(K ), SDRES(K)  SEM(K) ¢MPC(K) sAVREP(K) ,

1SDREPIK) s SEMP{K) yMPCP(K) 5 AVREX (K}, SDREX(K )5S EMX (KD MPCX(K )y
NK"“-XMu.—.m— .
977 FORMAT(5X,"STATION®,5X, *AVRES®,2X,*S D RES®y2X,*S E MEAN®,
12X 'N OBS® 95Xy "AVRESY 32X,*S D RES® 42X,*S E MEAN®,2X,*N oam.
25Xy "AVRES* 92Xy 'S D RES"12Xy 'S E MEAN',2X,*N 0BS*) . ~
978 FORMAT (TX,A% 45X, F6¢252XsF642,4Xy Fb42y3X,y 145X, mo.~.~x mo.~.~.x.
" 1F6e2y3X31445X,Fb6o N.Nx mo N.&x F6e. N.ux~mb.

Prmtoat of .

statistieal Scmmary

30




544
545
546
547
548
549
550

962

979

- -~ e cce e v mg ccrws -

IF(KOMIT .EQ., 0) GO YO 999
HRITE(6,979)

WRITE( 6,980 (NOMIT(K) yK=1,KOMIT)
FORMAT(///+ 10X *OMITTED®*, /)

980 FORMATI12XA%)

999

- - g = -

Printoutd of Jrs1 oF stations
that were ometted Srom &uﬁu‘swx.\?«-
?«: ustment calewlaltcons

uqcv . _.
END ST

.

13/



553
554

555

556

557
558
559
560
561
562
563
564
565
566
567
568
569

570
571
572
573
574

515
576
577
578

N -

3
5

10

»

Subyzrutme o compute avrays, from mode] pava ameters,

fov use n the TRYDRV subypoudime below
SUBROUTINE TPAR
DIMENS ION NSTA(2,990) ,LAT(2,99),YAT(2,99) s LUN{2, 990 XON{2,99),

—mr.N.co..or<.~.oa—.:or.~.oo..zmdbgoo..:—ao..bm>mm.co-zo>qm-oo-
2JHR(99) 4 JMINI99) 4P {991, PRP(99),AMPL99) ;S(99) yPRSI99) ,AMSL99)
3IPRXE99) , AMX(99), wxnao-.cq~oo.-nbrvgoo..n>rm-co..6>anoo..qv.oﬂ—.
»ox.co..o<aoo.-cmrq>.oo..qacc..»x.ca..><‘oo—.>1~oo..>Z~z.oo..ﬂ—oo.-
SPMAG (99 ) s AT(99) ¢ BY (99) 9 XH(99); YH(99),DISTL(99), THL( 99) ,FT1(99),
6TS(99) JAZ199) 4 V(26) ,DP (26) s THK(26) 3, TID(26426),DID(264261,TINI(26),
TOIDJ(26), TR(26),V1(26) ,0P1(26),THK1(26),TID1(26426),0ID1(26,26),
m<~.~o..Uvm—NO-.#IKN.~o-.4—0~.~0.NQ-.O—ON-NO.NO-.»aank-.w.&— Yi4)e
onah.b-.oau-u..>v.u.u_-av.u.-m.oo..vqnoc..xoaoa..xxzo.oo-

DIMENSION EPMG(99),EXMG(99)

COMMON NSTA,LAT,YAT,LON,XON,EL,DLY ¢MDL MSTA; Wy QSABE,KDATE, JHR
LIMINGP yPRP 4AMP S;PRS;AMS ; PRX s AMXsRK9DT4C ALPy CALS yCALX 9 TP 4DX, DY,
2DELTA T, AX g AY ) AHsANIN, Fy PMAGy AT, BTy XHy YH,DIST1y THL4FTL,TS,AZ,V,y
30P, qu.4uc‘c~c.qnzu.UuOQ.qw.<~.ov~.4Izn.qmow.o~o~.<~.cv~.ﬂzx-
bquou.omcw.>.w.<.o-o:>v.wv GoPT KO ¢ XXMGE PMGy EXMG

COMMON/UNDM/HILO,CNST, v:xv.sz>m.vzzx.~xz>m.xq-xm4>-<w PPP,ISTS,
LKSITESNL1,NL2,LATR, YATTR,LOTR,XONTR,ZNOY ,LARED, LORED, MODE, INST,
2KRECy IHRyNEARyPMIN, ORGSs QQ yORG LATEP y YATEP jLONEP s XONEP 4 L 4 KZSH,
3XEP, YEP JRAH, ASDX, ASDY ¢ ASDZ,ASDT ; MMy KOUT, XMAG,LOSHsPF1, VA, AAF,
4LHY,KAZ ,DETA, MFAR, PFAR, x»rx.xOrq-mzv.xzm»w.xm>w Ndz.Nxmm.vvza

REAL LAT,LONsLATRy LOTRsLARED,LORED, LATEP LONEP

THis block 1s condamed
the E\E@@ and all of

the subroutines

KSHs1
IF(KSW +EQ. 2) GO TO 3
NL=NL1

D0 3 K=1,NL
VIK)I=V1(K) .

OP (K)=DP1 (K}

CONTINUE

GO TO 8

Load subroatine for
medel &) calcalations

NL=NL2 S
D0 7 K=1,4NL
VIK)I=V2(K)

OP (K)=DP2(K)}
CONTINUE

Load sabreatine for

model #2 calealations

COMPUTE THKIL)

THK(NL)=0.0

D0 10 K=2,NL

L=K-1 :
THK(L)=0P(K)-DP(L) .
CONT INUE

Coig \ ate /a u e~ Chicknesses

'

COMPUTE udethVﬂm AND CRITICAL O~mq>ZﬁRw mow QOCZO>2< FOCI
D0 11 K=1,NL , .

DO 11 L=1,NL - .. .. .. . R

TIOIK,L)=0,0 AT T

DID(KyL)=0,0
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579
"580
581
582
583
584
585
586
587
588
589
590
591

592
593
594
595
596
597
598
599
600
601
602
603
604

11

12

15

18

20

- 608 S

606
607
608
6C9
610
611
612
613
614
615
616
617
618
619
620
621

30

CONT INUE

N1 =NL=-}

00 15 z.».zr

Ml=N=1 .

SUM1 =0, 0

MCZ>I°.° x< o N
00 12 L=1,M} . : T
SQT= mopq.<.z.*<.z.:<.r.*<.r..

SUM1=SUM1 + THK{L)*SQTZ{V(M)I*VIL)):

SUMA=SUMA ¢ THK(L)*V(L)/SQT"
CONTINUE

TID(M,M)=SUM]
DID(MyM)=SUMA .

CONT INUE

D0 20 M=24NL .

Ml=M-1

mﬁZN“OQQ

SUMB=0,0

DO 18 Fnﬁnzn

SQT=SQRT(V(M) V(M) <.P-*<-F.-

SUM2=SUM2 + THK(L)*SQT/{V(MI*VIL))

SUMB=SUMB + 4zx.r~*<.ru\moq
CONT INUE

TID(14M)=2,0%SUM2
o~o-.z.«~oo*mc=w

nozquzcm .

.DO 40 K=2,N1

KK=K+1

Kl=K-1 :

DO 40 M=KKpNL -

Ml=M-1

SUM1=0.,0

SUM2=0,0

SUMA=0,0

SUMB=0.,0

DO 30 L=1,K1
SQT=SQRT(VI(M)=V{M)-VIL)*V(L)) .
SUM1=SUM1 + THK(L)*SQT/{VI(MI*V(L)})
SUMA=SUMA + THK{L)*V(L)/SQT:

CONT INUE

00 35 L=K,M1
deumowq-<.=—*<-Z-I<AP.#<.P.- .
SUM2=SUM2 + THK(L)*SQT/{V(M)*V(L))

Com pute (nievcepts of -
vefvacted waves and
h%l&?&\ u\nu.\ksh.m.m .No;v
waves with thely sources

5‘:@ on \b¢n$ w&«:\kﬁ.?«m
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622
623
624
625
826
627
623
629
630
621
632
633
634
635
636
€37
. 638
639
640
641
642
643
644

645
646

647
648

35

40

41

42
43

44

46
47

SUMB=SUMB + THK(LI®V(LI/SQY. 1o - e
CONTINUE ..T RS o e ~
TID(KyM)=SUML¢2,0%SUM2 70" o0 RN
DID(K,M)=SUMA+2,0¢SUMB oL o
CONTINUE -

———

IFIKSW +EQ. 2) GO TO 44 = e . ,

DO 42 K=1,NL L ST o .
THK1(K) =THK(K) © , _ |

DO 42 L=1,NL = . . Lo . K
TION(KoL)=TID(K,L) ..~ ° - S

DIDLIK,L 1=DID(KoL) " - et .

CONT INUE

Tianscrrbe mode) #) vesalts
te appvepriale avvays

.

mm‘zr~omooo.90da&d
KSW=2 g .

GO TO 1 .- . )
DO 46 K=1l,yNL : Co )
THK2{K )I=THK(K) . . :
DO 46 L=1,NL ) -
duONax-PeuduUaX.Fuvm
OuUN:n.—-uucnc:A-P-

CONT INUE

Transeribe mode) # 2 1esy/és

to apprepvia te arvra 93

RETURN
END . .

Subyoutine to assign or compate the prelimmary
hypocenter B begin the adjusiment procedure
SUBROUTINE PREHY
DIMENSION NSTA(2,99)4LAT(2499),YAT(2,99) yLON(2,99) ,XON(2,99),
1EL(2,99),0LY(2,99) MDL (2,99),MSTA(99), Wl 99),QSABE(99) ,KDATE(99),
2JHR(99) , JMIN(IS) 4P199) yPRP(99) ,AMP(99) ,S (99) , PRS(99) , AMS (99},
3PRX(99)y AMX(99)9RK199),DT(99) 4CALP(99) ,LALS{99) 4CALX(99) ,TP(99),

4DX199) ,DY(99),DELTA(99),T(99),AX(99),AY(99), AH{99) , ANIN(99),F(99),

SPHAG(99),AT(99),BT(99) 4 XH(99) y YH(99),DISTL(99),THL (99) ,FTL(99),

6TS(99),AZ(99),VI(26),DP (261, THK(26),TID(26426),D1ID(26,26),TINJI(26),

TOIDJ(26) s TRI26),V1(26) 4DPL(26),THKL(26), TID1(264526),DID1126,26),

BV2126),DP2(26),THK2(26) ,TID2(26,26) sDID2(26926) 1Al4,4) ,B(4),Y(4),

9C(494) 9D(393),AP(3,43),BP(3)9G(99),PT(99),KO{99) +XXMG(99) .

DIMENSION EPHMG{99) 4 EXMG(99) _ .
COMMON NSTA,LAT,YAT,LON,XON,EL,DLY,MOL sMSTA,WsQSABE,KDATE, JHR,

This bloek 15 contained n
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649

650
651
652
653
654
655
656
657
658
659
660
661
662
663
64
665
666
667
668
669
670
671
672
673
6T4
675
676
677
678
679
680
681
632
683
684
685
686

687 -

S wmssiomis e R o - = o C e - .

 LIMINSP+PRPy AMPy Sy PRS 9 AMS JPRX yAMX y RK s DT ,C AL Py CAL Sy CAL X, TPy DX, DY,

11
16

17

18
19

20

2DELTA, T AX,AY ) AHJANINGF PMAG AT, BT g XH,YH,DISTL 4THL ,FT1,TS, AL,V
30P, THK,TID, DIDy TINJ,DIDJ,TR,V1,0P1, THK]1, YID1,DID1,V2,DP2,THK2,y
4TID2 -OuaNg>-m-<~ﬁ- C-P—a-—wﬁ-ﬂa—u.—. 1 KOy XXMGy EPMGy EXMG
COMMON/ZUNDM/HILOCNST ¢ PHRP, ZPMAG ¢ PHRX 3 ZXMAGy KTy KSTA,, VB ,PPP 4 ISTS,
LKSITE,NLL1yNL2,LATR, YATTRyLOT Ry XONTR y ZNOT , LARED ¢ LORED y MODE 4 INST
2KREC ; IHR ¢y NEAR¢PMIN, ORGS, QQ; ORG;LATEP y YAT EP o LONEP ¢ XONEP, 2, K ZSW,
3XEP,) YEP¢RAHy ASDX,ASDY,ASDZ yASOT MMy KOUT 3 XMAG ¢ LOSH, PFI s VA, AAF,
4LHY s KAL,DETA;MFARy PFAR;KALX,; KOLT 3 SMP, XNEAR 4 XFAR ¢2Z TR, ZRES,PPMG
REAL LAT,LONJLATR,LOTR,LARED ;LORED,LATEP , LONEP -

) ﬂ:« \S\Fhu “._:L all s%_. t.w.

. wo. v.ﬁu:,?:mu

LHY=0
MKEY=MODE ¢}
GO TO (5,7,9);MKEY

Switch to scleet chesen prode of
prehmmary \.uws&ax\ex Aetevmination

ORG=PMIN-2.0 :
LONEP=LON(2 ,NEAR) .
XONEP=XON{ 2,NEAR)
LATEP=LAT (2, NEAR)
YATEP=YAT(2,NEAR)

.}_stmngm Set %*«\\\R:..A(,u rdwﬁﬁﬂxﬁm‘
at location of neavest station and

&mwt. 2TR (eayd DH )y set .3‘,»::::&.,4

Z=ZTR . : o : g origin tisse to the S-p origin m:..\s .
IF(LOSH +EQe 1 «ANDe INST «GTo 1 +ANDe INST «NE. 4) ORG=ORGS 1§ available, or Lo 2 seconds before
LHY=1 -~ L avrival
G0 10 300 the cavhiest armral o
MMNMWMMuMMoO ) MODE =13 Set preliminavy hypocenter
xczmvuxcz.—.’ g *r\ .&a)-mf— <5—:\M hﬁﬁ“h“’ﬁ on
_m».“mwu.m»“wa o L . cavd DH 3 sct origin time a3 above

) . _ N
2=Z7TR :
IF(LOSH +EQe 1 <ANDos INST oGTe 1 oANDs INST oNE« 4) ORG=DRGS . o . .
LHY=2 .
GO TO 300

ZHLAT=(60.,0*LAT{ 2,NEAR)+YAT( 2, NEAR) } /{060, 0% 5T, 29578)
PH=PPP*COS(ZHLAY) : :

DO 11 I=1,KREC o :
XHUI)={60.0*(LON(2, I)-LORED) +XON (2, I) ) *PH

YHUI ) =(60. 0% (LAT(24I)-LARED) ¢+YAT(2,1))%QQ ‘

CONT INUE ‘

00 22 I=1,KREC . . ' —_—

IF(1 .EQ. NEAR) GO TO 22
DISTU II=SQRTI(XHII )-XH{NEAR ) ) *%2+( YH{I) =YH{NEAR) ) #%2)
DIV=(YH(I)-YH(NEAR)) . .
XNUN=(XH(NEAR)=XH(I)) . :

ABDIV=ABS(D1V) . . ’
IF(ABDIV .LT. 0.000001) DIV=0,000001 o
THL(I)=ATAN( XNUM/DI V)

IF(DIV LTe 0.0) THUTI)=THL(I)+3,14159 S
IFCTHL(T) oLT.0.0) THYI(I)D=TH1(])+6.28318.- ~~ "

-

MODE =25 Calew)ale Xﬁw&x&t#«:& -
?J%Cc entet $rowm avrivals

at selectec) stattons

Y

C ajeulate @3& coo i~ dmates

. . ,5/
m.&\m&\amm, azmaths of m\&x:»:m o
from earliesy? stateoy




688
689

690 -

691
692
693
694
695
696
697
6$8
699
700
701
702
703
704
705
106
707
708
709
710
711
712
713
T14
715
716
717
718
719
720
121
722
723
124
725

126
127
728

22

28
29

30
31

32

33
34

35
36

37

CONT INUE

KALMX=) -

KALMN=}

ALTMX=-99 .99

ALTMN=99,99

KLT=KOLT-1

DO 32 J=2,KLT

I=KO(J) . ,
ALT=DISTI(I)*SIN(THL(I)-THLIMFAR)) .
IF (ALT-ALT MX )30, 30, 29 :
ALTHMX=ALT

KALMX=1 - .
IF{ALT-ALTMN)31,32,32
ALTMN=ALT :

KALMN=1

CONT INUE o
QUES=ABSIALTMX)-ABS(ALTMN) .
IF(QUES)33,34934, .
KALX=KALMN

GO YO 35

KALX=KALMX .

CONTINUE

.bmxm%:i:\ amned txsxxsaw
stateon s \?:d Sarthes
lo the left and farthest
to the vight of the Jme
conmeectiuq the earfiest
and £he KOLT th stations

N=NEAR
M=MFAR . R . L

J=KALMN : g : g o
K=KALMX - = : .

I=KALX o . :
IF(KOLT +LTe 4 oORe INST oGTs 1 .AND. INST .NE. 4) GO TO 100
AP(1,1) =XH{M)=XH(N) - |

AP{142)=YH(M)=YHIN) : S . ,
AP(1,3)=VB*VB#{TPIM)-TPIN}) = ————
AP(241)=XH( J)=XH(N) ) - _
AP(2,2)=YH(J)-YHIN)

AP(243)=VB*VB% (TP{J)I=-TPIN)) .

AP(3,11=XH(K)=XH(N)

AP(342) =YH(K)}=YH(N)

AP(3,3)=VB*VB*( TP(K)=TP(N))

BP(1)=0,5%( (XH(M)**24YH{M ) #%2)~( XH{N) %52+ YH( N) $*2)
1-VB#VB* (TP (M) =TP (N) ) %#2)

BPL2)=0,5%( { XH(J ) ¥ %24 YH{ J) %% 2) = XH (N) %2+ YH( N) # #2)
1-VB#VB*(TP (J)=TP (N ) )#%2) | ,
BF(3)=0,5%( (XH(K)**2¢YHIK)#%2) =( XH(N) #*2 +YH(N) ##2) _
1-VB*VB#( TP (K )-TP(N) ) #*2) N
DETAP=AP(1,1)%(AP(2,2)%AP(3,3)-AP(3,2)%AP(2,3))
1-AP(2,1)%(AP(1,2)%AP(3,3)-AP(3,2)%AP(1,3))

N l. h*&\wvsmv

Use w.&:w%w versicn of
Linglada's methoc] o elimingte
kéﬁ.:. and to com pu te +he
eo.\.v&\:z.lm,*é\ m%:‘wx}.ﬁ A!«\
Q%.@.S time

13¢



129
130
731

132
733

134
135
136

137
738

739
140
741
742
743

44

745
146
747

748
749

750
151
152
153
154
158
156
157
158
7159

100

150

2¢AP(3,1 .f.»t.~.~..>v.~.u.;>v.~.~.*>1.—.u.. e
ETAP=ABS {DETAP) L
IF(EVAP .LY. 0,000001) GO YO S o
XNOT=(BP (L) ®(AP (2, 2)*AP( 3,31~AP(3,2)5AP(2,3) )"

1-BP (2)%(AP(1,2)%AP{3,3)~AP(3,2)*AP(1,3))

2+40P(3)%(AP(1,2)%AP(2,3)-AP(2,2)%AP(1,3)))/DETAP
YNOT= (AP (1, 1) #{BP(2)*AP(3,31-BP(3)¢AP{2,3)) "

1-AP (2,1 )% (BP (1 )%AP (3,3 )1=BP (3 )%AP(1,3))

2¢AP(3,1)#(BP{1)%*AP(2,3)-BP(2)*AP(1,3)))/DETAP.
T1={AP(1,1)#(AP(2,2)%BP(3)~AP(3,2)%BP(2) ) °

1-AP(2,1)#(AP(1,2)%BP(3)~AP(3,2)#BP (1))

2¢AP(3,1)%(AP{1,2)%BP(2)~AP(2,2)%BP(1)))/DETAP
LHY=3
DST2=(XHIN)=XNOT %2+ { YH{N)~YNOT ) %2
15Q=VB*VB*T13T1-DST2 - -

IF(2SQ .LT. 0.0) GO TO 200

2=SQRT(25Q) . . X
DST1=SQRT(DST2)

1F(2.0%Z LT, DST1) GO 7O 200 = - -
GO 10 205

ng\hea\“n*w Na\ *«sc.\x the &v?&*.ﬁ&
for +he neaiest stateon;use

t 15 1t s real and gvecter Hiay
half thedtsiance of the'ireaiest staton

DET3=(YH(I)=YHIN} ) *(XH(M)=XHIN))=(YH(M)=YHIN) ) *{XH(I )}~ XH(N))
RP2=0¢ 5% ({ XH{M) *%24¢ YH{ M) %2 ) ~( XH(N) *%2 Y H{N) *%2 )
1=-(VB*(TP(M)-=TP(N)) )22}

RP3=0e5*{ { XH{ I ) %2 +YH( I )%%2)~ .x:‘z.**~+<:‘z.**- . -
~l.<w*.qvgu.|qv.z...*§~. :

ET3=ABS(DET3)

IF{ET3 .LT. o.ooooo—- GO 70 5

Gl=vB*VB*{ ( YH{ M)=YH{N) }%{ TP(]I)~ qv.z.-
1-(YH{I)=YH{N))X(TP(M)-TP(N)))/DETI

G2=( (YH(I)=YH(N) V*RP2—-(YH{M)~YH(N) ) *RP3) /DET3
G3=VB*VB*( ( XH{I )=XH(N) }%{TP(M)~TP{N)) . :
1-(XH(R)=XHI{N) ) *(TP(I)-TP(N)))I/DETI ' .
G4={(XH(M)~- x:.z..*zvul.x:.-,lx:*z..*wv~.\omqu

IF(LOSH .EQ. O) GO TO 150

T1=TP(N)-~-0RGS o

XNOT=G1*T1+G2

YNOT=G3*T1+G4

LHY=4

GO 70O 200

G5=G1*G1+G3*G3-VBxVB .

G6==2.0%(GLl¥( XH(N)=-G2)+G3*(YH(NI-G4)) -
GT=(XH{N)~G2)%%2+{ YHIN)-G4) *»2+¢ZTR*ZTR

(3 statcons)

m\:\::n }n o\m_ol‘ h. \ u\\ uh?q\m:n\:
&w:»\vfbxm aAnd QLQR\F*\ &.M

ﬁ.&?::x ary m?mw:*ﬁs n
terms ofF Ehe Eyaveltuue *0\\:‘
nearest stateon

H.*. ‘Wl‘s\v hum):&s ] m::ﬂu 19 el Yl } \«h *V \o\
e f;:» te epccenter chdayned abeye

H.m‘ mx;v.m.):&.s trme 15 :2.\ hv«:\:r\&
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.-

761
162
163
764
765
166
167
768
769
770
771
772
173
174
715
176
111
178
779
780
781
782
783
184
785
786
1817
788

789
790

760

152
154

155
156
160

165

170

200
205

300

G8=G6%*2~4 00&0“*@4 [ B I A NI, TIPS P
AGS= ABS(GS5) - s C e :
IF(AG5 .LT. 0.000001) GOYQOS =~~~ o
G9=SQRT(G8) © o T : o
T1P2-0.5%(G6+GI9)/GS - .
TIM=-0.5%(G6-6G9¥/GS ~ [~~~ 7 omieew
QSM=GS*TIM*TIM¢GO6*T1IN¢GT T
AQSM=ABS (QS M) .
QASP=GS*TIP*T1P+G6*T1P+GT . : I .
AQSP=ABS (QSP) : | A
I1F(AQSP~-AQSMI155,155,156

IF(AQSP-0.001)160,160,5

IF{AQSM-0.001%165,165,5

T1=T1pP : :

GO0 YO 70 , o

T1=T1IN : : L

XNOT=G1*T1+G2 " B :

YNOT=G3*T1+G4 S o

LHY=S : . '

GO 70 _200 -

Lot

a:vm.\n\:x% M_Q:.m:.\«? and treal . ...

u_b_oi_ mto

MQ\v\\ .Ng-«\ .‘\\\v«\.\\\xa S

Seleet %3,.@.2,3:_ veoot of tht
and evaluate the
QN\OJ\,L:)&*NW .

:.?m?:»} P
W—? »A..\l.\.\,h‘

dadralee

I=11R

LONEP=LORED

XONE P=XNOT /PH

LATEP=L ARED T .
YATEP=YNOT/QQ@ =~ - - . .
ORG=TP{N)-T1 .

RETURN

END

C e 4 e - PE—— e

. ,w,& w?b&*\k\ to nbﬂs_o& te mﬂ«wvm:&:‘. es,
and nsi@ of cidence at-the focas

SUBROUTINE TRVDRY .
‘DIMENSION NSTA(2,99),LAT(2,99),YAT(2,99) yLON(2,99) ¢ XON(2,99) ,

1EL(2,99) ,DLY(2,99) 4 MDL(2,99) yMSTA(99),H(99), QSABE(99),KDATE(99),
2JHR{99) , JMINI{99) 4P (99) ,PRP(99) , AMP(99) 4S(99) ,PRS(99) JAMS(99),
3PRX(99) , AMX (991, RK(99), 0T (991, CALP(99) (CALS(99) ,CALX(99),TP(99),
4DX(99) y0Y(99) yDELTA(99),T{99),AX(99),AY(99), AH{99) , ANIN(99),F(99),
SPMAG(99 ), AT(99)4BT(99) ¢ XHI{ 99 ), YH(99) ,DIST1(99) 4 TH1(99) (FTL(99),
6TS(99) yAZ(99),V(26),DP(26)sTHK(26),TID(26426)1,DID(26426),TINJ(26),
TIDIDJ(26) , TRU26) ,V1(26) 40PL{26) yTHKL(26),TIDL(26,26)9DID1(26426),
8V2(26),DP2(26)yTHK2(26),TID2(26926),DID2(26426) yAl4a,4) 4Bl4),Y(4),
9CL4.4).N(3.3).AP(3.3),BP(3),G(99),PT(99),KO(99),XXMG(99)

e e . v e e .

Jeiviiies,

Set &&35. ew:ﬁ to the {ieal &c:,: (Cavd DY)

Put 4ocal \.ﬁﬁi«.xwﬁu in the form
reguived by the M/ Pireq

This v\.«uﬁ\A 15 A.O:\Q:\.\a\ n
che \(\\N»b.d anel al) of

gy

Atw.,. the tvaveltime to o Ju 1oty w)lneat)

s

N

.

PR

s /e \35 . 71 {nea r) mN:a*E:_i

prea—
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01

7192

793

794
795
196
197
798
199
800
8ol
802
803
804
805
806
807
808
809
810
811
812
813
814
815
8l6
817

818
819
820
821
822
823
824
825
826

827
828

DIMENSION EPMG(99),EXMNG(99) :

COMMON 2m<>.r>4.<>q.rcz.xoz.mr.OP<.ZOP.:wq>.:.Dmbam.xo>4m uzw-
LIMIN P PRPyAMP» Sy PRS JAMS 3 PRX 9 AMX g RK s DTy CALP, CAL Sy CALX, TP DX, DY,
20ELTA,ToAXyAY, AH,ANIN,FyPMAG,AT, ad.xz.<z-onmq~.qin.mdn-qm.>~.<-
ucv-qzx.d~c-c-c.d~z; DIDJ, TR, V1,DP1, qzxw.4~c-.c—c~.<~.ov~.4:x~.
4TID2,DID2¢AsBsYsCyDyAPBP G, PT KO\ XXMG4EPMGy EXMG

COMMUN/UNDM/HILO yCNSTsPHRP 3 ZPMAG yPHRXyZXMAGy KT ¢ KSTA,VB 4PPP, ~mqm.
LKSIVE,NLY,; NL2 )LATR, YATTR yLOTRyXONTR¢ ZNOV , LAREDy LOREDyMODE, INST,
2KREC ¢ IHR ¢ NEAR,PMIN,ORG S, QQyORG 9 LATEP, VAT EP yLONEP s XONEP o ZyKZSH
3XEPyYEP,RAH, ASDX ¢ ASDY, ASDZ ,ASDT ¢ MMy KOUT, XMAG yLOSHy PF Iy VA AAF,
4LHY ) KAZ ,DETA MFAR,PFAR ¢ KALX y KOLT y SMPy XNE AR, xm>x.~qw.~2mm.vvzo
REAL P>4.rcz.r>4x.Pde.rbxmc.Poxmc LATEP , LONEP

the sabroutines

SRTBK(XY,2)= wowd.axax_\.<4<. .N&N..

Xm<h°
GO 70 —wQ-NO..Xm<

/

Seleet \M S\x\

Statensent fFavetron

10 NL=NL1 . . - !
DO 15 K=1,NL- . . . o _ ’
THK(K) =THKL(K) -~ = . e A R .
DP(K)=DP1(K) R .
VIK)=V1(K) " .
DO 15 L=1,NL L .
TID(K,L)=TIDL(K,L) o
DID(K,L)=DID1(K,L) .
15 CONTINUE

-

Load sqbrcutine fov

mode) v/

caledal)ations

60 70 51
20 NL=NL2 -
D0 25 K=1,NL
THK{K )=THK2{(K) -
DP(K)=DP2(K)
V(K) =v2(K)
DO 25 L=1,NL
TID(K,L)=TID2(K,L)
DID(K,L)=D1D2(K4L) .
25 CONTINVE

Load subiyoutime for
model 2 calsd/ations

C COMPUTE LAYER JL 6024>~z~zn THE FOCUS .

51 L=0
S3 L=0L+1
IF(L .GT.NL) GG TO Sé6 : .
IF(DP{L)-Z)53,53,55 o _ :
55 JL=L~-1 o . S ’
GO TO 57
56 JL=NL
57T TKJ=Z-DP(JL)
IF(JL «EQ.NL)GO YO op

Detevnnne :\\\:;\ Tﬂ.‘m?

conlains +he

Socu s

C COMPUTE INTERCEPT OF WAVE FROM FOCUS IN r><mz QP N
C AND REFRACTED >Pozo THE TOP OF r><mw P B oY

58 Jd=JlLeld
D0 60 L=JJ4yNL

Bo:;i&m vefracted wa ve

Zg$mw>r&qu

for wa Swu

73 ?



829
830
831
832

833
834

835
836
837
838
83s
840
841
842
843
844
845
846
847
848
849

850
851
852
853
854
855

e56
€57
858
859
860
861
862
863
864
865
866

SQT=SQRT(V{LI*VILI=-VIJLI*V{JILD)
TINJIL) =TID(JIL fL)-TKI®SQT/Z7{VIL)*VIIL)) = -

DIDJ(L)I=DID(JL L )-TKJI*VIJIL)/SQT
60 CONTINUE : .

N ‘

b.?.q.x :u*..:u S* o\m%m& N

PR -

C COMPUTE DELTA BEYOND WHICH ALL 1ST ARRIVALS ARE REFRACTIONS
XOVMAX=V{JJ IRV IILIF{ TINJ(JIII-TID(JLJLI) ZUVIIII=VIILY)
61 CONTINUE

.

Compute distance begoud which all
Ist-" arvrivals are vefraeled waves

C BEGIN LOOP OF COMPUTATIONS FOR VARIOUS DELTAS -
DO 300 I=1,KREC. -
IF(MDL(2,1) «NE. KEY) GO TO 300 .

90 IF(JL .EQ. NL) GO TO 210.
100 DO 102 M=JJ,NL . .

.?3;21« vefracted wave
traveltimes

- .

qn.z.uquzg.z.*omrq».u_\<.z.
102 CONTINUE S T
TMIN=999.99
M=JL
104 M=Me¢l -
IF(TR(M)-TMIN)106,106,108
106 IF(DIDJ(M) .GT. DELTA(I)) GO TO 108
107 K=M
TMIN=TR (M) Lo
108 TF(M LT. NL) GO _TO 104

Determine cavleest refracted.
wave «t distasic e A

109 IF(DELTA{I)-XOVHMAX)200,120,120
C CALCULATE TT AND DERIVATIVES FOR WAVES RECORDE

120 T(I)=TR(K)
DTOD =1.,0/VIK) . : .
OTOH ==SQRTIVIKI*V{K) =V (JL)*V (JL) I/ (VIKIZVIL))
ANIN(I)=3,141593-ARSIN(V{JIL)ZVIK}} ,
ANIN(I)=ANIN(I)*57.29578
GO TO 298 .

| Tost whebthep ¢arliest vefracted wave s [st arcival
Caleculate derivatives «nd b:.m\x of
jnetdence aud “load’ k.‘,?cmﬂ )£
earliest arvrival 1s a vefractedwarve)

C COMPUTE TT AND DERIVS OF DIRECT WAVE THROUGH LAYER JU.
200 IF(JL <NE. 1) GO TO 210
201 SQT=SQRT(Z#Z+DELTA(I)*DELTA(I))
TDJ1=SQT/V(1)
203 IF(TDJ1-TMIN)205,120,120
205 T(I)=TDJ1
IF(SQT .LV. 0.000001) SQT=0.000001 -

207 DTDD=DELTA(I}/(VI1)*SQT) . : ;
© DTOH  =Z/{V(1)*SQT) N e
=2 . o

IF(ZL +LT. 0.000001) ZL=0,000001 . = -~
208 ANTN(I)=ATAN(DELTA(I)/ZL)

ma\e:\a*m ?ﬁf.\m::ﬁ dervatives,
and h:a? o inecderice if Leus
lies 1n ?:..n..v most ?..cm% and the
L:\,mn.\. Weve 15 Lhe st arrival.

Lewel pq,—q.d_oﬁ:. .r._ arvayy

Atk



867

868

869

870
871
8712
873
874
875
876
8717
878
8719
880
88l
882
883

884
885
886
687
888
889
890
891
892
893
894
895
896
8s7
898
899
900
901
902
903
904
" 905
906
907

ANINCI ) =ANIN(11#57.29578 N -
. GO TO 298 - - o T
210 LL=0 S

-

C BEGIN ROUTINE TO FIND RCOT OF REFRACTION mcc>d~02

IF(DELYA(I} LT, 0,000001) DELTA(I)=0. Ooooop
IF(TKJ LT, 0,000001) YKJ=0,000001 -
1F(Z LT, 0,000001) 2=0,000001
XBIG=DELTA(I) . :
XLIT=DELTA(1)*TKJI/L . : .
UB=XBIG/SQRT(XBIG*XBIG+TKJI*TKJ) . !
UL = xrud\mowquxrnd*xrud+dxs*ﬂxs-. . . .
ARGL=1,0~UL*UL : Lae
IF{ARGL LT, ooooooooo- ARGL= ooooooccop : .

212 ARGB=1,0-UB*UB . ) .
IF(ARGB .LT. 0,00000001) ARGB=0,00000001 -

213 cme~On4XQ*Cw\mowqa>waﬂ- I
DELLIT=TKJ *UL/SQRT(ARGL) . .° . ,
Jl=JL-1 S :

00 214 L=1,J1
DELBIG=DELBIG+(THK(L)*UB)/SRTYBKIV(JLI,VIL),UB)

cmrruqlcmrr—q+aqxx—P.*crv\qumxa<—gro.<-P..CP.
214 CONTINUE
215 LL=LL+1 ’
. IF(DELBIG-DELLIT .LT, 0.02) GO TO 231 :

216 XTR=XLIV+(DELTA(I)-DELLIT)*(XBIG~-XLIT)/{DELBIG-DELLIT) .

U=XTR/SQRT{ (XTR*XTR) +{TKJ*TKJI))
ARGJ=1.,0-U%U :
IF(ARGJ LT, 0.00000001) ARGJ=0,0000000F = -
217 DELXTR=TKJ*U/SCRT{ARGJ) .
DO 220 L=1,J41
DELXTR=DELXTR+{THK (L) *U)/SRTBK(VI(JL),VI(LI,U)
220 CONTINUE
TEST=DELTA(I)~DELXTR
IF(ABS(TEST)1-0.,021233, 233, 221
221 IF(TEST) 222,233,226
222 XBIG=XTR
DELBIG=DELXTR
GO 10 229
226 XLIT=XTR
DELLIT=DELXTR - 4 .
229 IF(1.0-U +LT, 0,0002 ,AND. LL .GE. 10)GO TO 233.
230 IF(LL .LT. 25) GO 7O 215 . ,

" Calecglad cons
) : 4o~
direct
waveé
orig :ET_\J
»uﬁkv:\
the
$ivst
layetr

m:& %cm&., «\,% «3»\32,.0?5: m.«\;&?b.a

J 4/



908 231 XTR=0,5*(XBIG+XLIT) . _ : i ; "Fasy " solution — Convergecs s s g
909 - U=XTR/SQRT{( XTR*XTR)+( TKJI*TKJI) ) . oL . A -
910 233 CONT INUE . . o .
9l IF(1.0-U .GT, 0.,00021G0 YO 238

C IF U IS TOO NEAR 1.0 COMPUTE YDIR AS WAVE ALONG TOP OF LAYER JL°
912 235 TOC=TID(JL,JL)*DELTA(IN/VISL)
913 IFLJL .EQ. NLIGO TO 237 . : .
914 236 IF(TDC-TMIN)237,120,120 . : -
915 237 T(I)=TDC . R
916 DTOD  =l.0/VIJL) _ = . . .
T ot et e s
919 GO TO 298 - neay tep of Jayer

C COMPUTE TDIR AND DERIVS FROM ROOT OF cmrq>.c_ €QT
920 238 TDIR=TKJ/ZIVIJILI*SQRT(1.0-U*U))
921 239 D0 240 L=1,J1
922 qouwuqo~x+.q:z.r.*<.gr..\.<.r..<.r.*mnqu.<.gr..<.r..c..
923 240 CONTINUE . 4
924 IF(JL .EQe NL) GO TO 245 - . . :
925 243 IF(TDIR-TMIN)245,120,120 ;
G526 245 T(I)=TDIR :

C nozchm DTDOD AND DTDH
927 SRT=SQRT (1.,0-U*U )**3 '
528 ALFA=TKJ/SRT
929 BETA=TKJ#U/ (V(JL 1*SRT)
930 DO 247 L=1,41
931 STK=SRTBK( VIJL) , VIL) ,U)*%3 .
932. ALFA= ALFA+THKIL ) #V(JL ) 4VLJIL) ZE VIL) *VIL)* STK)
ouw BETA= mm;::x:..::.__.“*c:i:é:..«m;. . : 0»\2?? traveltimes, Jerivatives, and
934 247 CONTINUE ) &xa‘\ﬁ o.m \:am«\mvxnm /41 \E:'«\m eners
935 DTOD =BETA/ALFA case :
936 DTDH  =(1l. o|<.gr.»c*oqoo.\*<_;r.*momq.~.oucﬁc.. -
937 ANIN(I)=ARSIN(U)*57,29578
938 298 AX(I)=-DTDD*DX{1)/DELTA(T)
$39 AY{(1)=-DTDD*DY(I)/DELYA(I)
940 AH( T )=DTDH ‘ :

. o Load derwadive m:é,nﬂ%m
Mnm 300 mmqnma:Mmo 21 60 70310
) . . s (ot - «

543 301 IF(NL2 .EQ. O) GO TO 310. L L : Sweleh to Jead] program threagh
S44 3C2 GO TO S . : 2 meode)s 1n sucoession
945 310 RETURN - T S PRI

/M=



§ et o i b i

947
948

S49
950

951

S52
953
554
955
956
957
958
$59
9260
961
962
63
964
$&5
966
967
568
969

970
971
972
273

~unwhN

10
12
20

22

30
35

40

 IF(ETA .LT. 0,00000001) ao To 200

qm: broidine 1o caleu late h .wv.va oceutral ad ...s stme s.m.u

SUBRROUTINE HYCOR

DIMENSION qu>~N-60.-P>duN-cO-<bﬁ.N-co-FOZ—N-00~.x62~N.00.-
1EL(2,99) ,DLY(2,99),MOL(2,99) yMSTA(99),H(99), QSABE{99),KDATE(99), -
NQZWg@O..QZuZ»@O..Qanaunvwv—mo-.>Zv~wo..w~00-¢vwwaoo->=maoo-
3PRX(99) 4 AMX(99) ,RK(991,DT(99),CALP(99) ,CALS{99) ,CALX(99),TP{99),
4DX{99) yOY(99) ¢ DELTA(99) ,T(99),AX(99), AY(99), AH{99)} , ANIN(99),F( 99},
SPMAG(99),)AT(99)¢BT(99) ¢ XH(99) , YH(99) yDISTL(99) , TH1 (99) ,FT1(99),
6TS(99),A2(99),V(261,0P(26), THK(26),TID(26+26),D1ID( 26+26),TINJ(26),
TOIDJ(26) 3 TR(26) yVI126) DPL(26) yTHKL1(26),TIDL(26,26)1,0ID1(26,26),
8V2(26),DP2(26) ¢ THK2(26),TID2(26926):DID2(26426) +Al444) 4B(4),Y(4),
9C(444)9D(3430V,AP(3,3),8P(3),G(99), vqnowecxonoougxx36~00.

DIMENSION EPMG{99),EXMG(99)

COMMON NSTA,LAT, <>q-PDZ-xQZ-mP-OP<-ZOP.3m4>.z.0m>wm-20>4m.522¢
1IJMIN,PPRPoAMPy SsPRS§AMS s PRX yAMX yRK ¢ DTy CALPy CAL S, CALX, TP 4 DXy DY
20ELTA s ToAXgAY AHoANINGF o PMAG ¢AT )BT o XHyYHDIST]1 o THL yFT1 9y TS, ALV,
30P s THK,TID, O—O-d—zgccncb.dxo<wncvnndzx—.4~O—.O~U-<N.D?N.AIXN-
4TID24DID2¢AsByYsCyD4AP yBP 3G PT KO yXXMG,EPMGy EXMG

COMMON/UNDM/HILO yCNST,PHRP yZPMAG ¢+ PHRXyZXMAGy KTy KSTA, <wnvvv.~mqm-
IKSITE¢NLL1yNL2yLATR, YATTR,LOTRy XONTR , ZNOT y LAREDy LORED, MODE 4, INST,
2KREC y IHR yNEAR y PMIN,ORG Sy QQ sORG ¢y LATEP 4 VYATEP yLONE Py XONEPy Zy KISH,
3XEPoYEPyRAHy ASOX ¢y ASDYyASDZ yASDT ;MM KOUT, XMAG ; LOSW, PFI 4 VA, AAF,
4LHY s KAZyDETAyMFARPFAR yKALX o KOLY o SMPy XNEAR, XFARyZTR,ZRES,PPMG

REAL LAT, POZ.F>4W~Pcdw-P>me-Fowmc-r>ﬁmvnfozmv

T block 15 condacn m..\ 1 e
\S\\uﬁm@ &ku\ all o he
scbtroutiines

INSTL=INST ¢1
GO TO (5,200,4300,300,200,300,300),INST]

Select e turent toatiné
fect prepes adiztuint, o

Auatomzte  conttol

umaﬁbxordoOoONoDwoXNw:.mOo.thmozm#>.m0.w~®°40~°°
DO 40 M=l,4 .. . o

DO 40 N=1,4

K=0 . -
DO 35 —u-0 .

IF(Y .EQ. M) GO TO 35
K=K+l . A
L=0

DO 30 J=1,4 .

IF{J +EQ. N) OO 70 u°
L=ale+l -

D(K,L)=A(1,9) :

CONT INUE . : ) .

CONTINUE ’

C(MyNI=((~1, 0.4*~2+zou*.0‘n.w.*-O-N-N.#U-w-w.lcgwnwoﬁan-w..
1 =D(1,2)%(D(2,1)%0(3,3)-D(3,1)%D(2,3)) :

2 +D(1,3)%(D(2,1)%D(3,2)-D(3,1)%D(2,2)))

CONTINUE

Routime do solve 4 x4 5¢stem
Q% normal mu:ﬁ}?ﬂh /0 “free®
addyw st ent of X,4, %, and te |

Construet sofacloir imaliia of
matrix ofecoeff odcnkview i
in Ethy 1nermal .uq.:.a.*:.:v.

cmﬂ>u>.~.~.*n.~.~.+>.~.~.*n-- Y+A(3,1)%C(3, 1)+A{4,1)%C( 4,y 1)
ETA=ABS(DETA) .

Evalaate and tesd the defermmant
of the wmalria of cocf$ of anhnewns

A cae e emn

143



$T4
978
976
977
$78
979
$80
081
982
983
984
985
986

987

988
989

690
S91
992
993
994
995
596
997
998
S99

1000

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

42
50

200

210

300
3C2

+

DO 50 I=1,4. . . . . . L : . .
<—~.-.u-.on.u.~..w.u..n.~.~.+w.w.4n.u._.o:;#..ﬂ.&....\bmq»
CONT INUE L :

MM=4
KOUT=1 - )
ASDX=ABS(Cl1,1)/DETA)Y -
ASDY=ABS(C(2,2)/DETA) : - oo
ASDZ=ABS(C(3,3)/DETA) :

ASDT =ABS(C{4,4)/DETA) ,
GO 10 500 . : .

———————

Solre for \.NZS*.QS\S\W ot The -
covveclioy. veelop .

\u?c yry) Sree Q\:\:.S

Cualoulale elemets of (hr \.2:2%\&;

a\?...a«:.k\ cf he inrevs€ madex of
the :th\.&\ \NR&&«%S “Unhnoan® doeff

A11=A(2,21%A04, 41-A (4, 2)¥A12,4)
AL2=A(4¢1)%A(2 44 1-A(241) *AL404)
Al4=A(2,1)%AL442)=Al4,1)*A(242)
A21=Al492) %A%y 1 1-A(192) *Al494)

>-u>.~.__*>.a.»_->.a._.*>.~.a"
A24=A(4,1)%A(1,2)-A(1,1)%A(42)
AGl=A(1,2)%A(244)-A(2,2)%A(4,1) .
A42=A02,1)*A(1,4)-A(1,1)%A(2,4) B
AG4=A(1,1)%A(2,2)-A(2,1)%A(1,2).
DETA=A(1,1)%A11+A(2,1)*A21+A(4,1)*A4] -
ETA=ABS(DETA)

IF(ETA +LTe 0,00000001) GO TO 400
Y(1)=(B(1)*Al1+B(2)*A21+B(4)*A41)/DETA
Y(2)=(Bl1)*#A12+B(2) *A22¢B( 4) *A42) /OETA
Y{3)=0.,0

Y(4)=(B(Ll)*Al4e+B(2) *A244B(4)*A44 )/DETA
MM=3 . . . S
KQUT=2

ASDX=ABS({Al11/DETA)

ASDY=ABS(A22/DETA) .

ASDZ=1.0 . : : T
ASDT=ABS(A44/DETA) - ,

GO 70 500

Routine to solve 343 59stem
of mm:\r?ozu In a :N.\u\k..
adyustuent of the hypocenter

Evaluate aund test «\N\%.«.\JS:BS* of

coeffiecewts of unknow ns

h&\ua\é*ﬁ covrection vee *0.5

Flag “ ZFix" solution

Calewlete e/ements of the \»..:Z.t»\
5?2@«;\_?\ ot the Invevse st x
b%. loé *:%..m r&:*m m% the 2:\,..:.&\:“
1 the verma) %m.&h&s\..:m

—ﬂawbIoPAQOoQNoOWoRNmzomoowohcchwo
ALl=A(2,2)%A(3,3)-A(3,2)%A(2,3) . -
Al2=A13,1)1%A(2,3)-A(2,1)*A(3,3)
Al3=A(2,1)%A(3,2)-A13,1)*A(2,2)
A21=A(3,2)%A1143)-A(1,2)%A(3,3)
A22=A(1,1)%A(3,3)-A(3,1)*A(1,3)
A23=A03,1)%A(1,2)-A(1,41)*A(3,2)
A31=A(1,2)%A(2,3)-A(2,2)*A(1,3) .
A32=A(2,1)1¢A(1,3)~A(1, 1)%A(2,3)"
A33=A(1,1)%A12,2)~-A(2,1)%A(1,2)

F:}S& to solve X3 m!,wv.\\:a <t

xe.\,_:a\mwx?f?.m moa “TFIX®
adyu stmient of the \2\\9.:)%:*\?

144



1017

1018
- 1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1021
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1C47

1048
1049

322

350

352

400
500

e

DETA=A{1,1)2A11¢A012,1)*A21¢A(3,1)#%A3) o I
EYA=ABS(DETA) , S S

IF(ETA .LT. 0.00000001) GO VO 400 .

MM=3 . g .- C
KOUT =3 ‘

Evaluale and tesd determant
¥ nem.mm:&w:«.u of amnknowns

Y(1)=(B(1)*A11+B(2)*A21+¢B(3)*A31 )/DETA.
Y(2)=(B(1)*A12+B(2) *A22+B( 3)*A32) /DETA
YE3)=(B8(1)*A13+B(2)V%A23+D(3)*A33)/DETA
Y(4)=0,0 ' . '

[

\.‘.\ad "TFIx" sclation

Caleulate corvection vector

ASDX=ABS(A11/DETA)

ASDY=ABS {A22/DETA)

ASDL=ABS{A33/DETA) . . .

ASOT=1,0 - L S
GO To 500

Caleulate elements of the prmncepal
Lg.mmsi o8 the mverse malrix of
norwalf @Mx».?cs coef$iecents

DETA=A({1,1)*A(2,2)-A(2,1)*A(1,2)
ETA=ABS(DETA) .
IF(ETA .LT. 0,00000001) GO TQ 400
Y{1)=(B{l)*A(2,2)-B(2)*A(1,2)) /DETA
Y(2)=1A(1,1)%B{2)-A(2,1)*B(1))/0ETA
Y(3)=0,0 : :

Routine to solve 2.x2 MQM\\:\. of

~§3:E_ &mﬁk,?.n.:u \:A Nﬁ\k..ldlmxx
adqustment |

Caleulat? covveeton veetor

<.a.uo.e H.... lnﬁ.,.‘
MM=2 : L A . .
KOUT=4 .

‘ ﬂ?ﬂ..mv\;n.ﬁﬁ\x: selation .

ASDX=ABS(A(2,2)/DETA)
ASDY=ABS(-All,1)/DETA)

Caleulate «.\\\aﬁ.s*m of the ﬁ«).:obﬂars

ASDZ=1.0 : - ~ &Swus?\ of the nverse watix

ASOT=1,0 L : ) : o o4 " norwal muﬁpkﬁﬁs ceeffictents

GO TO 500 2 . _ N
KOUT=$§ Flaa " 1o sclation”. n.h +

RETURN J )

END

Sabiroatime teo ob:Jua*x ve \ens,xu aAng azimuth of «»%\l@&h?

Q:% *\23\ wave *s&\%k\ \,0 ~QIC—\R-\\ g.u)ﬂ);\wﬂ\u \ur\ \ﬂ»h&“* ..m\a&&&l\..u.
SUBRQUTINE VELAZ
DIMENS ION NSTA(2,99),LAT(2,99),YAT(2,99),LON(2,99),XON{2,99),
1EL(2,99) ,DLY(2,99) ,MDL(2,99) yMSTAL99) ,H(99),QSABE(99),KDATE(99),
2JHR(99) , JMIN(99),P(99),PRP(99) ,AMP(99) yS(99) ,PRS(99) ,AMS(99),
3PRX(99) y AMX(99),RK(99) ,0T(99),CALP(99),C ALS{99),CALX(99),TP(99), .
box—cco.c<‘co-.omrﬂ>—oo-.q.oo.~>x—oa_.><aoo.->zaoog.>Zmz.oo-.1~oo-
SPMAG(99)y AT(99),BT(99), XH(99), YH(99) ,DIST1{99) , TH1{ 99) ,FTL(99),
6TS(99) ,AZ(99),V(26) yDP(26) ,THK(26),TID(26,26),DID(26,26),TINJ(26),
TDIDJ(26) s TR(26),V1(26),0P1(26) yTHKL{26),TID1(26,26),0ID1(26,26),
BV2(26) ,DP2(26),THK2(26),T1D2(26y26),DID2(26926) 9Al4:4),B14),Y(4),
wnaé.b-.caw.w..>v~w.u..av.u..n.oc-.vq.oo..xo.oo..xxzm.oo.

5

This “v\h..«,.\A )5 .m,\\zxr:,sm;\ m the

w4 \\J . " \

et .



1050
1051

1052

1053
1054
1055
1056
1057
1058
1059
1060
1061
1C62
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1C74
1075
1076
1077
1078
1079
1080
1081
1082
1¢83
1084
1C85
1086
1087
1088
1089
1090

13
14
15
20

22

23

25
26

OnZNZMnOZ EPMG(99), EXMG(99) ‘

COMMON NSTA, LAT, <>4-FOZ-XOZ-NF OP(-ZOP-3m4>.:-Om>ﬁmnxc>dm-LIﬁc
YTIMINGR PRP ¢ AMP ¢ S ¢PRSJAMS ;PRX yAMX s RKyOT'9sCAL Py GALSy CALX, T2 DXy DYy’
CDELTA; ToAXo AYs AH AN INgFoPMAG o AT BT o XHoYH ¢DISTYy TH1,,FT1,TS,A2,Vy
3DP s THKSTIDOIDTINJDIDJ,TRy,V1yDPLlyTHK1, TID1,DIDY,V2,DP2,THK2y
aTIN2,D1029A,B83Y3CyD AP BPsG4PT KOy XXMG,EPMGy EXMG

COMMON/UNDM/HILO CNSTy PHRP ¢ ZPMAG;PWRX,;ZXMA Gy KT KSTA,VB ,PPP,ISTS,
IKSITEsNLL1¢NL2 jLATRyYATTR,LOTR¢XONTRy, ZNOT , LARED, LORED, MODE, INST,
2KREC ¢ IHR yNEAR s PMINyORG Sy QQyORG¢yLATEP s YATEP ;LONEP ¢ XONEP 9Z s KZSWy
uxmv-<mvgﬁ>rn>m0x->mc<->MON~>MO#-ZZ.XOC#.XZ>O-POm:.vmmn<>->>m.
4LHY o KAZJDETA MFAR)PFAR yKALX,, KOLT ¢SMPyXNEAR;XFARyZT Ry ZRES,PPMG

REAL LAT,LON,LATR,LOTR,LAREDLORED, Pbﬁmvorozmv

. ar

\s\:\\\g and /H_all oF

one

%\2“ sup ﬁQ&.\E& L

IF(INST.EQs 8) 11l=0

IF(MODE +EQe 2 +ANDe INST .zm. 8) GO qo 26

ZHLAT= .oo.o4r>4.~.zm>x.+<>q.~.zm>x..\nooo.o*mq.~omqa.
PH=PPP*CQOS(ZHLAT) . -

DO 7 I=1,KREC *

XH{I)= .oo o*.roz.w.H.uroxmc.+xoz.~.__.*vz
YH(I)=(60.0%(LAT(2,I)~LARED) +YAT(2,1))%QQ

CONT INUE

DO 20 I=1,KREC

1F({1 .EQ. NEAR) GO T0 20

DIST1(I)= moxq.ﬂxx.H.nx:.zm>x..**~+.<:.H.n<:~zm>n..**~.
XNUM=(XH{NEAR)=-XHII)) .

DIV=({YH{I)=YH(NEAR))

ABDIV=ABS(OIV) "

IF(ABDIV .LT. O. ooooow. DIV=0.000001 S S,
THI(I)}=ATAN(XNUM/DI V) - : S
IF(DIV oLTe:0,0) THI(I)=TH1(I)+3,14159 o C :
IF{THL(I) oLTe 0.0) THI(I)=TH1(1)+¢6.,28318

CONTINUE
KALX=1
>rqzxu'oo.oc . , -
KLT=KOLT=-1 - - L o
DO 25 J=2,KLT _ : e
I1=K0(J) -
>rq-o~m-.~.*muzﬁquau~ q:w.zm>»..
ABALT=ABS (ALT) ‘ , )
IF(ALTMX-ABALT)23,25,25 - ) : .
ALTMX=ABALT _ R
KALX=] -

CONTINUE

.b.mxm*_:.:«..w m\a\\Qk oy KOLT (15t

tha? /tes favithest fpom fhe
line | me&:xq the )st aud

tie KorT'th stations

N=NE AR - L )

M=MFAR - . . L ,
K=KALX .
o»zu..qv.z.|4v.z..*o~mq~.z..\..qv.z. qv.z.,«ommqp.x.r. S
DENOM=COS (T HL {K) )=GAM*COS (THL(M) ) . R L
ADN=ABS (DENOM) SR T
IF(ADN .LT.0.0000001) DENOM=0.,0000001 -

1l L



27
28
29

30
3l

32
a3

PF1 >q>z..muzaqzn.x..la>z*m~7—qzn—z_u.\cmzozw
IF(THL(M)-PFI129,30,30

PF1=PF1-3.14159 - - :

GO TO 28 S
IF(THL(M)-PF] -3, papmo.uw.uN.up .
PFI=PF1+3,14159 . . .
GO 7O 30 .

CONT INUE

VA={DISTL{MI*SIN(THL(M)- vmu..\gqv.z.aqm.z..

N .

m.&\a:\h:{ %:433 <~?2\q as.\
aziniuth ux,sxx¢enar cm.{a:\
wave .t:@.iwr the 15f, \A%K‘V‘&-

and “ Savithest 5§ line” &P\Eam

KAZ=1
KT=1
¥2=1,0
AAF=0,0

Set swdtches and sum ¢.mu<£¢a

DO 38 I=1,KREC )

IF(I - .EQ. NEAR) GO TO 38 .

FTIL )=(TP(1)- Avazm>w_~ .ommq~.—.%m~z-q:~.~_lvm-a\<b
CONTINUE

Com -u.@..vm vesiduaqls )

IF(KREC LT, 4) oo T10. 47
Y2AB=ABS(Y2)

Terminate adjustuwient 1# last
chavge i azmmath L o.o0) 1ad or iterations »15

IF(Y2AB LT, 0.0001 .ORe KT. .GE. 15) GO TO 47
DO 43 1=1,KREC -

IF(] .EQ. NEAR) GO TO 43
AV(I)==(DISTLUII*SINCTHLUT)=PFI) )/ (VA*VA)
BT(I)=-(DISTI{I)*COS(THI(I)-PFI))/VA

CONT INUE
AT11=0.0 SRR . . .
AT12=0,0 SR w AR
AT22=0.0 . S
BV1=0,0 o

 BT2=0.0 — o

45

DO 45 I=1,KREC-
IF(WLTI) «LTe 0sl <ORy 1 omo. NEAR) ao qo 45
AT11=AT11+AT{(TI)*AT(]) - .

‘AT12=AT12¢AT(I1)*BT (1) .

AV22=AT22¢BT(I)%BT(I): . .
BT1=BTL+ATUI)*FTL(I) - - :

BT2=BT2+BT(I)*FTL(I)

CONT INUE . .
AT21=AT12 : \

h««\rc.\&*% he IQRL m@ ?3:53
coefficients

DEAT=AT11¥AT22-ATZI+#ATI2 R
AEAT=ABS(DEAT) T
TF(AEAT .LT. 0,0000001) GO TO 47 . :

m% cotfficcents of the Hi K nowns

mv\z\:»*« AS“\ xmm* Q\m\%?:::&:*

I}




-~ -

- 1133

1134

1135

1136

1137

1-38
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150

1151
1152
1153
1154
1155
1156
1157

e

46 Y1a(BT1#AT22-BT2%AT12)/DEAT
Y2=(AT11#8F2-AT21*BT1)/DEAT

ﬁs.Sx:*w adjustments o epparent
.\1@2? and  azomuaiy

<>u<>¢<~ .‘
PFI=PFI+Y2 o S
KT=KT+l . o

GO TO 36 _ . .

>&g:.w* <m\0an$q and azrmyth

47 KF=0
D0 49 I=1,KREC
IF(HWII) LTe 0ol «ORe 1 <EQe NEAR) GO
48 KF=KF¢1
o bbmu>>ﬂ¢>wm-mﬂpan~.
49 CONTINUE
:n:n—ulN.mc‘an-un
S0 AAF=0.0 .
GO 10 52 :
51 xxmumPO>4aX$-
KA2=2
AAF = AAF / XKF

52 nozqnzcm ’

DO 54 1=1, xwmn

IF{I .EQ. NEAR) GO do 54
53 dIn—n-»dI--*Mdo~am04
S4 CONT]INUE

10 49

~—.

Q?%F}» “wean deviaton

vamwm &m:x&&.m m\\mﬁa

RETURN B
END :

149



1158
1159

1160
1161

1162

1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
‘1182
1183

1184

1185
1186

5
10
15

Sabroudine Yo hc.:.u.l~ ma &:l:&mh fromn .
Prwave and X-wave aaphtude an perced data

SUBROUTINE MAGNTOD o .

DIMENSION NSTA(2:99)sLAT(2,99),YAT(2,99) ;LON{2,99) ,XON(2,99),
~mPaN-OO-OP*—N-OO-ZOT—N-OQ-.de>~00~.=~oc.~Ow>mm~o©~.%0>qm-00.c
2JHR( 991, JMIN(99) 4P (S9) 4 PRP(99) JAMP(99) 4S {99) , PRS{99), AMS (99},
IPRX(99) s AMX(99),RK(99)4DT(99),CALP(99) ,C ALS(99) ,CALX(99),TP{99),
4DX(99) ¢yDY(99) sDELTA(921,T(99),AX(99), AY(99 ), AH(99) ,ANIN(99),F{99),
SPMAG(99 ) s AT(99)4BT(99) 4 XH{99) s YH{99) ,DISTL(99) , THL1 (99) ,FT1{99),
6TSI99),AZ(99) V(261 ,DP(26), THK(26),TID(26,2601,D1ID( 26,26),TINJI(26),
TOIDJ(26) s TR{26)4V1(26) 4DPL(26) 4 THKL(26),TIDL(26,26),0101026,26),
8V2126),0P2(26) s THK2{26),TID2(26426) ¢DID2(26y26) 1Al44) 4B(4) Y (4),
9C(494)9D(3,33)3AP(3,3),BP(3),G(99),PT{99),KO(99),4XXMG{99) -

DIMENSION EPMG(99) ,EXMG(99) .

COMMON NSTA;LAT, YAT sLONyXON,EL,DLYsMDL4MSTA, W,QSABE ,KDATE y JHR
LIMIN,P PRP y AMD,; Sy PRS 4 AMS PRX ,AMX 3RK DT o CALPy CAL S, CALX, TP 4 DX, DY,
2DELTA, TsAXpAY AHJANINF o PMAG AT BT g XHs YH,DIST1 y TH1 4 FT1 TS, AZ,4V,
3DP s THK,TID,DID,TINJ,DIDJ,TRyV]1,DP1,THK]1, TID1,DID1,V2,DP2,THK2,
#duUN-OuDN->-@~<.ﬂ~U.>v~WV~G-?#-XD-XXZO-MVZO-mxza ’ ’

COMMON/UNDM/HILO CNSTyPHRP yZPMAG s PHRXyZXMAG KT 3 KSTASVB sPPP 4ISTS,
IKSITES,NLY ¢y NL2 ; LATRy YATTRYLOTRy XONTR 3 ZNOT s LARED, LORED,MODE ; INST,
2KREC s IHRyNEAR,PMIN;ORGSy QQ yORG yLATEP;YATEP ,LONEP,XONEP, Z,KZSH,
3XEP, YEPyRAH; ASDX;ASDY,ASDZ yASDT, MM, KOUTy XMAG s LOSH, PFI,VA,AAF,
4LHY KAZ,DETA MFARPFAR ¢KALX y KOLT 3 SMPy XNEARyXFAR 3 ZTR,ZRES,PPMG

REAL LAT,LON,LATR,LOTR,LARED ,LORED,LATEP  LONEP

This block 15 contained
In the \S\\w.@u and 1w
al) o the subteytanés

DO 20 J=1,KREC
EFMGIJ)==9.99
EXMG(J)==-9.99
IF(ANP(J))IS5,10,10

AMP( J) =—HI LO*ANP (J)
IF(AMX(J))115,20,420
AMX{J) =~HILO*AMX{J) — -

20 CONTINUE

30

Tritialrze ﬁww;}.u& .

Remsve “—" flags $ezia Jow Jevel
aviphitade ¢utrres 4

MC=0
MP=0
SXMAG=0,0 -
SPMAG=0,0

Set covnters and Sum vegisters

03 100 J=1,KREC
RAD2=(DELTA(J)*DELTA(J)+Z%T) .
IF(RAD2 .LT. 1.1} GO TO 100

~m.»zu.g..rq.o.o-.ocqp¢04 .
IF(CALP(J))140,40,30 : L :
ARGP=AMP (4 ) *CNST#PRP(J)/CALP(J)

IF(ARGP .LT. 0,000001) GO TO 40 .
PMAG(J)=ALOG10(ARGP#*RAD2**PWRP ) ~ZPMAG

MP=MP+1 o e
SEMAG=SPMAG+PMAG(J) = o :
GO TO 42 | S | .

Caleu)a xm hypecentra) Arsfaiice (sguea red)

P B»aix:.\? ca \...x.\&}%: fo mx.\., J

Mﬂ

~.

N



1187

1188
1189
1190
1191
1192
1193
1194
1195

1196

1197
1198
1199
1200

1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219

_ 40

42
43
45

85
S0
100

103

105

110
115
117

120
125
130
132

135
145
150

PMAG (J)==9 .99 e | ;

IF(CALX(J))90,90,45 .
IFCAMX(J) «LT. 0.01) GO TO 90
ARGX=AMX (J) *CNST*PRX (J)/CALX(J)
IF(ARGX LT, 0,0000Cl) GO TO 90
MC=MCe¢l

XXMG (J) =ALOGLO { ARGX #RAD2 ##PHRX ) ~ZXMAG
SXMAG=SXMAG+XXMG(J)
GO TO 100

XXMG (J)==9,99

X ::JE\:«? caleulation for stu Jd

CONT INUE

IF(MP .EQ. O) GO YO 103
XMP=FLOAT({MP)
PPMG=SPMAG/XMP

60 70 105
PPMG=-9, 99

G:%Et mean P E&mf\i&m

IF(MC .EQ. O) GO TO 110
SMC=MC ’
XMAG=SXMAG/SHMC

GO 70 115

XMAG=-9,99

m%..é,;x*% mean X ma gire *:&.%

IF(PPMG LT, -9.00) GO TO 130

DO 125 J=1,KREC- - —-
IF(PMAG(J) -LT.-9,00) GO TO nww
EPMG(J)I=PHAG(J)-PPMG

CONT TNUE

mS\sxﬁw{ Piiaqni bude ‘.ﬁ&\&wiu

IF {XMAG LY. —9,00) GO 70 150

DO 145 J=1,KREC

IF(XXMG(J) oLT. —9.00) GO TO 145
E XMG ( J) = XXMG { J) - XMAG: -
CONT INUE .

(o s.. i \.x R.. :&G\:*&kh 4.«%\«&&.&\\« |

RETURN
END '

/52



$DATA -

0.436
0.372
0.378
0.418
0.485
0.448
0. 640
0.466
0.492
0.518
0.469
0.646
0.436
0.549
0. 603
0.538
0.460
0.460
0.515
0.578

Q.00 5.00

1.03

KSITE = 20 D
Gk 35. 49.88 120, 21.18
1 35, 45.35 120, 18.73.
2 35, 47T.46 120, 21,44
3 35, 43.20 120, 16.85
4 35, 48.84 120 16.07
S 35« 42.59 120, 22.72
6 35, 40,30 120 12.65
T 35, 39.06 120, 19,22
8A 35, 4T.18 120, 11.00
8B 35, 47439 120 10,55
9 35, 52.79 120 24.72
10 35, 49,47 120, 26.31
11 35, 49.88 120, 21.18
12 35. 53.33 120, 20,55
13 35, 55,09 120, 28,69
EML]Y1 35. 56.97 120, 28.28
EML2 35, 49.23 120, 30,87
EML3 35, 51.10 120, 36450
EML4 35. 54,50 120, 28.17
EMLS 35S, 55.53 120, 29,63
6 7 35. 0.00 120.
1.37 50. 5le 32,00 .
0. 150 0.300 0.500
1. 700 0,000 .
2,800 0. 280
5.000 1.550
6,000 3,740
6.800 15.000 -
8.050 25.000
2,360 0.000 -
3.340 0.180
4.5620 1240
5620 2,760 -
6.000 44440
6.800 15.000
8. 050 25.000 :
KREC=13 INST= 0 ZRES= 0,00

0.85
1.000

0.00

- 0. 04
-0.,07
0.01
IQQ QP
0.10
.IOO Od
0.10
|°.°0
I.Qo OQ
0.09
|°.°.~
-0. 07
.11
-0.12
0.25
0.03
c.10
-0.18
lco NO
35,
1.55

12 5.

12
0.8

.

0.
5
o

00 gt ot g N R NI NP NI NN st 00 g [\) 09 guo oo N

1.70

0.03

. 250 2 0 3 1

0.10

1 1.84950

0.30 0,010 0.002 -

1.85760

1

/57



48,12 20,57 3.76 0.029 0,001 11 0.029 11,000
0.1262 0.,0400 -0,0066 -0,0991 - 0,1680 -0.0143 -0,0988 0.,0308 0,3398 11,0000 0,0005 -0,0005 0,0007 -0, occm OonwoN
4 1 0,0041759050 8.6155 6.6731 51,1106 0.1385 0,0050 =-0,0018 0.0454 -0.,0021
48012 20.57 3.80 374.03 0.01 : : 0,0050 -0.,0018 0.0454 -0.0021

N

48.12 20657 3.80 0.030 -0,000 11 . 0,030 11,000
0.1221 0.0397 -0.0189 -0,1076 O0.,1674 -0.0151 -0.0997 0.0355 0.,2754 11.0000 -0.,0000 -0,0005 -0,0022 0,0005 00,1930
4 1 0.0053487710 9+4640 6.5811 38,3488 0.1130 -0,0093 -0,0073 -0.0851 0.0020 .

48,12 2057 3.72 374,03 0.01 .. , -0,0093. ~0,0073 ~0,0851 0. 0020
48,12 20,57 3.72 a.cwo lc.cco pu 0,030 11,000
CODES (MODE LPC INST LOSW LHY xccq x>~_u- 2000310 ORG S= 0.00 AV RESID= -0,00 PMAG= 0.65
DATE ORIGIN LAY LONG . DEPTH AAF SDP SDX Soy sSDZ SDY KSTA XMAG Il KREC VH
660914 O 6 14.03 35, 48.12 120, 20,57 3.7 0.03 0,05 0.l 0.1 0.3 0.02 11 0¢49 S5 11 0. 01
STATION DELTA ALl ANIN QSABE TP TS RESID PMAG RSPMG XMAG RSXMG RMK W G
GH 3e4 344. 54.8 ip- 1.17 0,00 =0e02 -9¢99 =9,99 -~9.99 -9,99 1.00 1,00
1 5.8 152, 123.,6 IP- . 1.70 0.00 -0.,04 0.51 -0.14 0.62 0.13 1.00 1.00
2 1.8 227. 32.1 IpP- 1e12 0,00 003 0.55 =0.10 0. 55 0.05 1.00 1.00
4 6.9 19 76,7 1PE 1.74 0600 -0,01 0.83 0.18 0.50 0.00 1.00 1.00
5 1067 198, 123.,6 IP= 20 64 0.00 -0, 05 1.09 0.44 1.15 0666 1.00 1,00
T 169 173, 12346 IP=-- 3,77 0.00 0.0S 1. 05 0.40 0,80 0.31 1,00 1,00
88 15.2 S5, 855 1P 3.16 0.00 0,02 0.65 0,00 0.33 -0.16 1.00 1,00
9 .10.7 324, 82.9 1P~ 2647 0.00 -0, 04 0.28 -0,37 009 <-0.41 1.00 1.00
10 9.0 2866 12346 IPG 2.23 0,00 -0,01 0023 -0,42 -0,09 -0.58 le00 1,00
_.N @00 O,o OHQO Nvl NowO OOOO 0.0# l@o@@ IO.OO IOQOO ...0000 u.oOO. wooc

13 17.8 317. 123,.6 P 3.69 0.00 0604 =999 =9,99 -9.99 =9.99 1.00 1.00

iy



