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6          When seismic sources are located ed at the   points not only
capable of being grouped in       source points iliustrated in FIGURE  1
and   cross lines perpendicular to the line of survey,       energizer, in
sequence from  left to right as  but also they are seen to be aligned with
the       viewed, loccarional traces are produced capable  previous series
of center  points [err]  of  65   5  of being grouped with center points
aligned   FIGURE 1.       perpendicular to the line of survey.
Adjacent center points mark the  intersection         For example, a
scismic source positioned at  of  [err] set of two adjacent line parallel
to   source point S, is energized to cause an [err]    the line a survey
with a common line normal   directional three-dimensional wave front to  to
the  life of survey and determine the density  70   propagate from the
source point down through   of the center point locations. Where center
the earth.  As variations in acoustic impedance   point density is uniform,
the geometric spacing       are encountered within the earth such as at a
of the center point locations in the in-line       reflection or depth
point on a hypothetical,  direction must be a constantvalue, as shown in
flat subsurface horizon 15 shown in phantom  FIGURE 1. (The in-line
direction is one sub-  75   15  line, portions of the energy are reflected.
Geo-  stantially parallel to the line of survey).               15
phones at selected geophone stations [err]     Efficiency of the field
procedure can be en-       convert the mechanical movement of the earth
hanced by the use of three separate geophone       as produced by refected
waves to electrical  strings of twelve geophones, each in selective
signals which  are recorded in a suitable form.  connection with switch
console 17. After loca-  80   20    Recordings of the electrical signals at
the  tional  traces have been produced using, in       geophone stations
[err]  are made by  a  sequence, sources at seisilic source points [err]
0       recorder 16, as shown in FIGURE 2. Recorder  [err] and geophones at
geophone stations       16 connects to the outputs at the geophone at [err]
the geophones associated with stations       stations [err] through a
switching console   [err]  can be quickly disconnected from the  85   25
17 and  amplifyihg  equipment, not shown.  recorder through the actuation
of switch con-     Recorder 1.6 includes recording heads 18 and   sole 17.
As, locational traces are again produced       drum 19 about which is wound
the field record  at the recorder in associatiion with sources at
tape 20. Each field record tape 20 is identified   source points [err] and
geophones                    25       by both the scismic source producing
the   at geophone stations [err]  the previously  90   30  energy, viz, the
source at each source point,  disconnected geophone string can be reposi-
and the geophone stations receiving the re-  tioned in aiignment with. the
geophone spread       flected energy viz, stations [err]
beginning at a new geophone station spaced       A total of six field
records of twenty-four loca-  just to the right, as viewed in FIGURE 1, of
tional traces each are produced by the geo-  geophone station  [err]
95 35  phone stations [err] and by the separately     The  spacing  between
adjacent geophone   fired sources at source points         [err]
stations  and source   [err] determines the          The field procedure is
then repeated at new   geometric position of each locational trace.
geophone-source point, locations in the direc-  This relationship can be
better  understood by        tion of arrow 12; that is to say, the recorder
referring again to FIGURE  1. In FIGURE 1, 100 



40  16. of FIGURE 2 is disconnected from  geo-  the locaticanal traces have
been delineated in               35        phones at, say, stations [err]
and connected   accordance  with the teachings of this invention        to
geophones, say at stations [err] through  to relate horizontal spacing of
each locational        actuation of switch console 17. As new sources
trace  to  the  actual spacing  of a source-        at the source points
[err]     are  geophone array used in the field. FIGURE 1  105   45
energized, seismic energy is received at the  is seen to indicate, along
the bottom  of the      geophone stations [err] to produce a new   plot,
geophone station location and the in-line      field tape 21 as shown in
FIGURE  2. By   spacing between source points and geophone        virtue of
the allied offset position of the source  stations. Along the left-hand
side, the oblique        points [err] with the source points  offset
spacing of the source points is indicated;  110   50  [err] precise
alignment of the loca-   across the top of the FIGURE, the positions
tional traces of tape 21 with the earlier pre-   of the transverse aligned
center points and        duced traces of tape 20 is achieved. It should
locational traces are indicated. As shown, in-        be noted in FIGURE 1
in this regard that the  line components of source point spacing as well
source points [err]  and the geophone  as in-line spacing of the geophones
have con-  115    55  stations [err] define several rows of center  stuant
incremerical values, but have absolute      points, e.g., center points
[err] center  values which are not necessarily equal to each        points
[err] . . . center points [err]  other. For example, the in-line component
of        having their midpoints positioned along lines  spacing between
source points is approximately        parallel to the line of survey, while
other source   twice that between detector stations for an  120    60
poins [err] and the geophone   array having the following dimensions:
stations [err]  provide  additional center
55          ..   6             7
,270,590                         Item                    Dimension   zontal
geophone-to-source  spacing  of each                     Source points
locational trace. Transversely aligned traces are
Oblique Offset  Spacing        500      seen to have substautially
different horizontal  65                  In-line Spacing Component    400
spacings where at least two locational traces  60               Cross
Spacing Componzent     300        are transversely aligned.  None that
after rapid                      Angie of Intersection of source
buildup in the magnitude of  the horizontal                         line
with the line of the          spacing of each locational trace, a maximum
Geophone  Stations, [err]    [err]    incremental Spacing factor,
Dmax-Dmin, is        Center Points                     reached  for the six
locational tracesl traces associated                     In the Spacing
100      with cross line [err]   traces associated  with
Cross Spacing                         center points [err] and [err]
Total Cross Offset Length                of FIGURE  1 where "Dmax" is
defined as                         (e.g.. between points
maximum   horizontal  spacing  between  a  75                       {err]
750'        source-detector pair in cross line [err] and   70 



15    Ceophene Stations               200'       "Dmin" is the minimum
horizontal spacing              In-Line Spacing               200'       of
another source-detector pair. in the same
cross line [err]. This maximum  continues         Oblique  spacings
between  the  adjacent  (reading left-to-right on the horizontal scalc) 80
source  points  are  preferably  incrementally  for each series of six
locational traces associ-  75                   constant along  each  line
but increase  in  ated with cross lines [err]. There is a              20
absolute valves with respect to the line of  slight decrease for the six
locational traces                   survey. The  cross component (y) of the
line   at cross line [err] however, before the in-
intersecting the source points relates to the   cremental spacing factor
returns to the first- 85               in-line component (x) and the center
point  mentioned value.                                80
spacing of FiGURE 1 in accordance with:           FIGURE 4 illustrates the
importance of
having locational traces with substantially
md                     different source-to-geophone horizontal spac-
25                   [err]                        ings. In the Figure, the
normal moveout of a 90                                           [err]
primary signal at a given record time (curve  85
(1)    23) and a multiple signal at the same record                   where
1 is the cross spacing interval of adjacent  time (curve 24) are plotted as
a function of                   center points. g is the in-line spacing
interval  geophone-to-source spacing. Normal moveout                   of
adjacent center points, n is an integer  is the difference in arrival times
of signals at 95                identifying the geophone station, and m is
an   different geophone stations due to the differ-  90               30
integer identifying the mid-point of a respective   ences in  source
point-to-geophone distance.                   source-geophone pair.
The normal moveout of the multiple signal               And, the angle of
intersection (0) of each  is seen to increase mere rapidly than  the
line of source points is related to bath the in-  primary signal due to the
increase in average     line spacing (g) and the cross  spacing (d) of
velocity with depth of seismic-energy in the  95               35  the
center points in accordance with:         earth to produce a differential
curve 25. For
a better understanding of the Figure, one must
2d                   first understand that certain embodiments of
[err]                        the  present invention  contemplate  a  field
05                                                              recording
and processing method  which in-  100
(2)    cludes:                   where symmetry of adjacent center points
is    (i) firstly, a field procedure for systematic-
desired (i.e., where d =g), the angle of inter-  ally producing a series of
locational traces                   section (0) should be sbout 26-l/2
degrees.      capable of being transversely aligned along 40    Each
recorded locational trace identifies a   a series of imaginary lines
perpendieular to the  105                 portion of energy reflected from
a hypothetical  line of survey in which the cross aligned traces
depth point assumed, for preliminary analytical  have substantial
source-to-geophone spacing                   purposes, to be located
directly below a center  differentials, and                   point so
that, in FIGURE 1, each center point,    (ii) secondly, a processing
procedure  for 5             45  as previously mentioned, can be referred
to as  selecting from  all the recorded traces, the  110
locational trace. It is also evident that each   cross aligned locational
traces and then process-              locational trace may be referred to
as having   ing the aforementioned selected traces by sum-
a  particular  horizontal  geophone-to-source   ming procedures, after
normal moveout and                   spacing associated with its particular
center  static corrections have been applied. 50  point. For example, in
FIGURE 3, the hori-    If conventional normal moveout and static  115
zental geophone-to-source spacing associated  corrections are made for the
primary signals                   with each locational trace of a set of
traces is  in each trace only, therefore,  when the traces 



plotted as a function of center point location.  of the present invention
are summed, the                   In this plot, the horizontal scale
represents  multiple signals will be degraded relative to               55
transversely aligned center points of FIGURE  the primary in accordance
with the incremental  120                    1, while the vertical scale
denotes the hori-  amplitude of differential curve 25.
8       1,270,590
8                    Nonnal moveout and static corrections can   duced.
This new  set of cross steered traces                   be introduced to
the traes by several methods  will be a set of directional traces all  of
which                   well known in the seismic [err] one manner for
will be associated  with the in-line coordinate
introducing  normal moveout corrections is  X, and individual beam steered
traces will                5  shown  in  U.S. Patent No. 2,838,743 of 0.A.
represent energy  received  from   different  70
Fredriksson for "Normal Moveout Correction  individual  in the earth.
FIGURE 5                   with Common Drive for Recording Medium
represents these different directions to which                   and
Recorder and/or {err] Means".    the signals are  [err] in the cross
steered                      After normal moveout and static corrections
traces as sectors 22a to 22m in a vertical piane               10  have
[err] made to the traces ("corrected"  passing through ccordinate position
[err] per-  75        10                   traces), it is convenient to
think of a1l the  pendicular to the line of survey. The cross
hypotherical reflecting depth points represented   sets of traces are
associated with cross lines,                   in the recutional traces as
being directly below   of center points whose maximum total cross
respective   center  points  of  the  grid  of  offset lengths, say between
points [err] and [err] 15  FIGURE    1. It becomes reasonable also to   of
FIGURE 1, are based upon consideration of  80 think of each trace as if it
had been recorded   several factors, among which are: (1) each
by a [err]-geophone pair located at the same  cross set of traces should
not contain-signals                   center  points. After all the traces
produced by   which have been reflected from  a stratum,
different source-geophone combinations have   having  excessive  curvature
(an  excessively               20  been subject to appropriate, individual
normal  curved stratum  is a stratum  whose associated  85 moweout and
static corrections, then they can   reflected seismic, signals upon
recordation and                   be considered as representing  traces
derived   processing, by beam  steering, are prevented
from  reflection points directly below  center  from having meaningful
in-phase summation);                   points in a common datum place.
As illustrated   and (2) each cross set of traces can contain
25  in FIGURE 1, corrected traces thus will repre-  signals having similar
but different moveouts,  90             2 sent reflection points as if the
reflected energy   but such signals capable of being distinguished
had been detected and originated at the appro-   using beam  steering
processing techniques in                   priate center points. It should
be understood   accordance with the present invention.
that where there are dipping subsurface beds       For determining the
location  of sharply              30  and variations in the velocity of
transmission   curved flanks of salt domes, for exmple, it  95
of scismic energy  with depth, tne depth points  can be very helpful to use
arrays whose maxi--                   on the reflecting horizon may for be
vertically   mum total cross offset length of center points
aligned below the center points of the grid.  is rather short, say
typically 300 feet. But for 



However, for working convenience in  the    more gently curved beds, arrays
can be used              35  preliminary steps of processing of the seismic
which provide mdch longer maximum  total  100              data in
accordance  with the present invention, cross offset length of center
points, say 3000                   the corrected locational traces are
treated as  feet or more. Further. it may be desirable
though they were representative of reflection   (ever, in the case of
cellecting data associated point locations immediately below  the center
with gently curved strata) to use arrays which              40  points in
FIGURE I.                            provide rather  short maximum  total
cross  105                     The operating concepts of the method of
offset length of center points, say a typical                   the present
inventionmay be better understood   cross offset length well below  300
feet. In                   with reference to FIGURES  5. and 6 and   such
cases, the economic advantage gained iu                   FIGURES 7 and 80,
85.  These figures dia-  the collecting and processing, of the data has
45  grammatically illustrate the improvements in   been found to offset any
loss in directivity of  110                  collecting, processing and
displaying seismic  events associated with one or more of the
information as accompanied by the method of   sectors 22a, 22b, 22c, etc.,
of FIGURE 5. In                  the present   invention.
such applications, the detector spacing is pre-                     FIGURE
5 shows a typical cross set of  ferably constant  ranging  between  50-500
50  center points [err]            feet.
115                  associated  with  the  center  line  [err]  of
FIGURE  6 shows several sets of cross                  FIGURE 1. FIGURE 5
represents an eleva-  center points in lines perpendicular to the line
tional view of the earth cut along a vertical   of survey, and indicates
schematically how, by                  plane normal to a symmetrical line
intersecting   beam  steering  of the  cross traces associated
55  coordinate position X, for the aforementioned  with these cross sets of
center points, several  120                  cross set of center points. It
will now  be   sets of cross steered directional traces may be
appreciated by one having a knowledge of the  produced. All of the
directional cross steered                  team steering process such as
described in the   traces in any one  set are associated with a
aforementioned Canadian Patent Specification  common  symmetrical
coordinate  position              60  No. 726,307 that if the cross traces
associated   [err] but each of the individual  cross  125 with the center
points [err]. . C[err]    are  steered traces in any one of the sets
represents                beam steered by imposing suitable progres-  a
different direction into the  earrh.                  sively related time
delays among the traces,    In FIGURE 6 the earth formation is illus-
and then compositing (by summing), a new   trated in longitudinal and
vertical section to               65  set of cross beam  steered traces
will be pro-  schematically illustrate how individual traces  130
,     9                                    1,270,590 in any one of the
cross steered sets of traces  as to  allow a seismologist to view
simultane-         can be selected and displayed to indicate  ously
ultralong record sections to identify con-                   reflection
signals having   common azimuthal. tinuons configurations in the earth
formation                   arrival angles. In FIGURE 6, the steering
over a rather large surface area. Inferences 5  sectors 22a, 22a', 22a",
etc. have been selected   about the strike and dip of the underlying  7 



from  sets of cross steered tracers, for place-  stratum can be drawn from
the apparent offset                   ment side-by-side on a record to
identify direct  of the indicated events in the  various angles
tionally distinct reflection signals having com-   of emergence as
represented by the  pages of mon  azimuthal  angles of emergence with  each
set of cross steered records. 10    respect to a vertical plane through
coordinate    It will be appreciated by one skilled in the    75
positions [err]                           art that each page of the sets of
cross steered          FIGURE  7 illustrates one form  of useful  records
represents traces having a common display of the cross steered directional
traces  angle of emergence and represent  individual 21
schematically illustrated in FIGURE 6. In this  in-line positions along
line 30 of FIGUTRE 8b 15  display, the directional cross steered traces
However each trace on one of the cross steered  80 have a common cross
moveout and are placed   directional records of FIGURE 8a represents
side-by-side in accordance with a given posi-  a composite of several
traces of the original tion along a line parallel to the line of survey,
seismic data; it also represents seismic energy i.e., through coordinate
locations [err] of  received from  a particular direction in the 20  FIGURE
6. All of the side-by-side traces have  subsurface denoted by particular
cross move-  85                   the same cross moveout and become one
page  out. The cross moveout is indicated as being                   17 of
a set of section records having as many   one of the thirteen angles of
emergence illus-          pages as are beam steered sectors of the search.
trated in FIGURE 6. In practice, the common                   In this
manner a book 18 of separate direc-  direction of emergence through which
the    25  tional section records, each of which represent  traces sre
scanned would be designated by  a                   a multi-station spread,
is formed. The coherent  common cross moveout in [err]  .
wiggles on the traces of each page 17 of the     If, in the beam steering
operation. thirteen         book 18 can be visualized in three dimensions
different directions in the earth were chosen                as
representing signals having a particular  for examination, as illustrated
in FIGURE 6,   95          30  azimuth relative to particular coordinate
loca-  each set of cross steered records 32, 33 and  95
tions parallel to the line of survey. Of course  34 would contain a total
of thirteen different         other displays may be employed. For example,
records; further, if the geophone spread of                   each series
of directional cross steered traces  such center point group A, B or C
contains                   associated with a particular in-line position
twenty-four geophones, each of the thirteen               35  may be placed
side-by-side on each record.  different. records would contain tweenty-four
100                   Adjacent traces would then give prominence  traces.
Each of the thirteen records represents                   to signals having
different angles of emergence  a distinct cross direction or angle of
emergence                   at each in-line position in the manner of  into
and out of the earth.              FIGURE 5.
It will be appreciated that each set of cross  40   FIGURES 8a and 8b show
a typical use  steered records 32, 33 and 34 related to center  105
of the records of FIGURE 7. As illustrated   point groups A, B or C of
FIGURE 8b and         in FIGURE 8b, directional traces identified   at
least one of the thirteen records of each                   with locational
center point groups A, B and   set can be used just as a conventional
profile                   C having midpoint coordinate locations along  of
traces is used, to derive the in-line and  45  a line 30 above an
anticlinicai subsurface  cross moveout of any event that appears  110
structure, have been produced. The anticline  prominently on the sets of
traces. The in-line                   is not aligned parallel to the survey
line but  moveout is usually defined as the difference                   is
indicated by the contour lines 31, askewed   between the time that the wave
front repre-                   with respect to a vertical plane coincident
with  senting an event arrives at the first trace on  50  the survey line.
To allow identification of the  the left-hand side of the record and the
time  115                   anticline, the individual records constituting
that the wave front arrives at the last trace                   each set or
group of cross steered records  on the right-hand side of the record. The 



associated with center point groups A, B and  true direction of the angle
of azimuthal arrival                   C are illustrated at 32, 33 and 34
in FIGURE   is fixed in accordance with this embodiment  55  8a. Each set
of cross steered records 32, 33  of the present invention by determining
the  120                   and 34 have been scanned for maximum   cross and
in-line components of moveout to                   prominence of reflection
wave events. Identi-  thereby fix the actual direction from  which
fication of the same event in the sets of records  the signal emerged. For
example, one may  32, 33 and 34 can be established by associating  locate
one reliable event on one of each set         60  signals having about the
same axis positions  of cross steered records 32, 33 and 34 that is 125
along the record. In FIGURE 8a, the traces  unmistakably evidenced by
comparisons to the                   of sets of cross steered records 32.
33 and 34  neighboring twelve records of that set as show-
have been scanned with results as indicated.  ing that event best. For
example, in FIGURE                   The same reflection event can be
followed   8a, the event in the traces associated with  65  through these
subsets of directional traces so  sectors (i), (g) and (e) has been
selected as  130                           10
1,270,590                                      10
showing that event best. This may be done  received at geophonse stations
[err] and [err]                      by apparatus similar that described in
U.S.   FIGURE 10 illustrates recording and play-
Patent No. 3,149,302 for   "Information Selec-  back equipment for
performing the selection                      tion Programmer Employing
Relative Ampli-  and processing  steps of the method of the
5 tude, Absolute Amplitude and Time Coher-  present invention in the
description which  70                      ence" issued September 15, 1964
to W. V.  follows, the operation of the equipment in
Klein Z, al, or by human inspection. When  FIGURE 10 should be apparent
when taken                      one has found which one of that cross
steered  in conjuctionwith the preceding description.          records
displays that event more strongly, one  As shown, a magnetic playback and
record- 10  nas by that act also found the cross moveout  ing system
includes seven drums 41-4/, each  75                      of that event
because each individual record   mounted on a shaft 48. Each of the drums
of the set corresponds to a particular individual  is rotated on the shaft
48 at a uniform speed by                      cross moveout: One can
proceed further to  motor 49. Separate magnetic tapes constituting
interpolate moveouts located between original  the corrected locational
traces associated with                  15  moveouts of each set of
records, if desired.  seismic energy  received at geophone stations  80
After the step is taken to determine the  g[err], g[err] . . . g[err] by
the sequential firing of                      cross movemout, the in-line
moveout can be  seismic sources S[err], S[err]. . . S[err] of FIGURE 1,
determined by human inspection. It is appar-  are placed on the playback
drums 41-46. A     ent that of all of the cross steered traces com-
plurality of transfer tapes are placed on re-     20  prising each record
of each  record set 32, 33  recording drum 47.                      85
and 34 diere is one record which shows a      More particularly, magnetic
tapes on the                      chosen event most clearly (which, as
previously  playback drums 41-46 are first aligned with         explained,
fixes the cross moveout of the  a common time, reference. A  five-channeled
event). Such a record also provides the best  counter 50 samples the time
break channel of                  traces to use in determining in-line
moveout  each of the mnagnetic tapes on the playback  90 



of the event. This is determined merely by  drums 41, 42. 43, 45 and 46. By
comparing     measuring the disparity in arrival time of the  the time
difference between the time breaks     chrosen event between the left-hand
and right-  and the reference time break channel of the
hand traces of that record.                 magnetic tape located on drum
41, the chan-                  30   FIGURE 9 illustrates the schedule by
which   nels of the counter give indications of time  95     the corrected
traces of FIGURE 1 are com-  differences. By the adjustment of knobs 51,
bined. These traces have teen previously pro-  each drum may be
differentially rotated rela-                      duced at geophone
stations [err]   etc., of   tive to the shaft 48 to align the respective
time      locations of the centre points associated with   Once the time
break channels on the mag-                      the traces are indicated.
Along the left-hand   netic tapes are  aligned, the traces recorded
side, the in-line coordinates of the locational  in magnetic form on each
of the magnetic tapes                  40   traces are shown to identify
particular positions  are ready for sampling by playback heads 52--  105
of the locational traces along rows parallel to  57. Electrical signals
representative of the                       the line of survey. Corrected
traces in each  various magnetic traces are transferred to a
vertical column [err]       .....[err] are iden-  patch panel 60 by way of
conductor cables                       tified by particular designation as
to source  61. In patch panel 60, the various channels                  45
point and geophone station producing the trace.   are rearranged in
accordance with the preced-  110   It will be appreciated that the six
corrected  ing teachings about regrouping traces to associ-   traces
combined along each of the cross lines  ate them  with cross lines of
center points   [err] relate to energy produced   perpendicular to the line
of survey of the                       at source points [err]      along
offset  collection array (e.g., regrouped in accordance   50  oblique line
13 of FIGURE 1 and received  with the schedule depicted in FIGURE 9),, 115
at geophone stations g,,[err]24 along the  and then retransmitedns   to a
set of recording                       spread line of FIGURE 1. Further,
the six  heads 58 adjacent to a plurality of magnetic
corrected traces combined along each cross line  tapes wound on recording
drum  47. Multi-                       CL[err], et seq, are seen to relate
to energy  channel amplifiers 59 amplify the electrical
55  produced at source points [err]. . S[err]  signals in the respective
channels sufficiently  120                       along offset oblique line
14 of FIGURE 1 and  for transferring the traces at the playback
received at geophone stations [err] Be-  drums 41-46 and re-recordng them
on the                       tween cross lines C[err] and [err] the column
multiplicity  of the, recording tapes wound                       of the
corrected traces are mutations of the  on recording drum 47.
60  aforementioned arrangements. The locational   In one form of the
present invention, it is 125                       a  traces along cross
line CL [err], for example,  contemplated that twenty-four recording tapes
relate to the energy produced at source points  will be wound about the
recording drum  47.    [err]and [err] and received at geophone  It is also
contemplated that each playback                   stations [err]  and [err]
as well as the energy  record tape on each playback drum  41-46      65
produced at source points [err]  and S[err] and  will contain twenty-four
separate traces ad-  130        



11
11                    jacen  to a like number of playback heads.  virtue of
the fact that the regrouped traces             Adjacent each tape on the
recording drum 47  arc associated with cnter-points. each between
will be six recording heads constituting a part  a source  and a geophere
respective sources                    of the set of heads 58, these six
recording heads  and geophones having substantially different
5  being connected through patch panel 60 to  horizontal sourre-geophone
spacing,suppres-     70                   playback heads 52-57 adjacent to
playback  tion of multiple signals relating to the primary
drums 41-46. At the recording drum  47, each        signals, as previousiy
described is assured.             tape will  have produced thereon a
six-trace         .  foregoing paragraphs contremplate the
record regrouped in accordance with the traces  present invention being
carried out by mean.    75         10  combination Schedule depicted in
FIGURE 9.    of an  catalogue apparatus. It  will be appreci-  75
To produce beam steered, directional traces acted, however, that tIi;
illustrated apparatus                  (after traces have been regrouped in
accord   has been selected as one form of apparatus                  ance
with The schedule of FIGURE, 9) the  -capable of performing the method of
the                  processing  steps previously  described  with  present
invention  and  that  modifications    80         15  reference to  the
processing  equipment of  thereof can be made without departing from   80
FIGURE 10 are, in the main, repeated.       the intended scope of the
method itself. For                      The twenty-four regrouped record
tapes,  example the method can be performed on a                   each of
which being assocated  with cross  suitably programmed digital computer
and,                   aligned center points, are first removed from  for
the purpose of accomplishing the results   20  the recording drum  47.
Next, the recording   of the method at very high speed, the digital  85
and playback drums 42-47 (as well as associ-  computer is the best mode
contemplated by                   ated recording and playback equipment)
must-  the inventors for carrying out their invention.                   be
modified: (i) The number of playback                   drums must be
increased from six (as shown                   MODIFICATIONS   25  in
FIGURE 10) to twenty-four, assuming that   Field collection techniques
using the source          twenty-four regrouped records have been pro-
point and geophone array of FIGURE 1 can  90                   duced by
the regrouping process in FIGURE  in modified to simulate conventional
"roll-          10; (ii) each of these modified, twenty-four     along"
field collection techniques customarily          playback drums is also
provided with a modi-  used in the seismic industry. As previously   30
fied playback head for the purpose of produc-  mentioned, converntional
"roll-along"  tech-                   ing a six-trace summation scan per
revolution   iques produce a first series of recordings from   95
of each modified playback drum; and (iii)  a source and detector spread in
one location,         each of the modified playback heads is also   and
the, produce a second series of recordings                   provided with
turning means (not shown) for  made with a source advanced a certain
distance  100          35  rotating the modified playback head about a  and
detectors also advanced a similar distance.         commonly aligned axis
perpendicular to the  By  moving the source and detector spread 100
surface of each modified playback drum. This  equivalent in-line
distances, traces are recorded         axis is labeled A and is shown in
phantom line  which cover comnica depth points many times.
in FIGURE 10. After the modified playback  In the present embodiment of the
invention,  drums and heads have been remounted to their  recordings are
made by moving a seismic                    supports, the modified playback
heads are  source, in sequence, from source point to source  105
mechanically connected to indexing drive 62.  point along the oblique lines
13 and 14 of                    It is evident that the modified playback
heads  FIGURE 1 as the detector spread is advanced                    can
be pivoted by means of the indexing  drive  distances equivalent to the
in-line spacing               45  62, in unison, about the axes A to a
common   between source points. In this embodiment, the 



steering angle as all of the modified playback  switch console 17 of FIGURE
2 is modified  110                   drums are driven in rotation. After
one revolu-  to include contact points which connect, in
tion of the modified playback drums, the  sequence, to  appropriate
geophones of the                   modified playback heads can be pivoted
to  spread to simulate advancement of the geo- 50  another steering angle
and the process repeated  phones from station to station in incremental
so as to give prominence to signals at a series  steps equal to the in-line
advances of the  115                   of preselected steering angles. The
electrical  sources from source point to source point.
signals read by all modified playback heads   It was previously indicated
with reference                   are added at the preselected scanning
angles  to the array of FIGURE 1 that the in-line 55  across each  record
and  then  transmitted  spacing between adjacent source points [err]
through the same cable conductors 61 and  [err], etc., was equal to twice
the in-line spacing  120                   patch panel 60 to the recording
drum 47 con-  adjacent geophone stations g,, [err] etc. If loca-
taining a plurality of magnetic tapes. In patch   tional traces are
produced  by sequentially         panel 60, the various channels are
rearranged  firing the sources at source points [err] , 60   in accordance
with the preceding teachings to  etc., as the geophone spread is advanced,
in                   provide a subset of cross steered directional
sequence, distances equivalent to that between  125
traces giving prominence to signals in various  two  adjacent geophone
stations, the buildup                   selected steering angles and with
respect to a  of the center points associated with the result-
particular series of angles and coordinate loca-  ing locational traces
will be less rapid than 65  tions, as previously described. Further, by
previously described. In this regard, it has been
found that the buildup  of center points is not placed first at the source
point  most remote                        as pictured in FIGURE 1 but is
such that the from the line of survey, viz, source point S,
center points [err]  and [err] along oblique line 13, and energized and
then                        linked by phantom, line 9 in FIGURE 1, define
along  oblique line 13, and energized, ane then,                        the
left boundary of the center point grid.  as the detector spread is advanced
in the same  70 Accordingly, it is not until locational traces  direction
as previously described (a distance        accoriated with the center
points of cross line of cross line  equilvalent to the spacing of two
geophone      [err] have been produced that a full  that a fill com-
stations) the source is advanced in an  opposite    plement of six
locational traces per each cross.  direction to source point s[err]. By
this arrange-                           10 set of center points is
achieved.        ment, the buildup of locational traces associ-
FIGURE 11 plots the horizontal geophone- ated with cross sets of center
points is quite                        to-detector spacing of eahc
locational trace           abrupt, initially being along cross line [err]
produced by "roll-along" geophone shooting       along arrows 10 Of FIGURE
1. Furthermore,                        as a as a fuction of cross center
point location. In  it can be appreciated that the locational tnaces
15   FIGURE 11, the horizontal scale represents  aligned  along  cross line
[err]  have  been  80                       transversely  aligned
locational  traces  of  recorded on the same chanel siynce, in each  



FIGURE 1, modified  by using the "roll-along"   case, the locational traces
associated therewith                         collection technique, while
the vertical scale  have been received by the same geophone, at
doenotes the geophone-to-source spacing  of  least for each sequence of six
shots.                         [err] locational traces. It is seen that the
to-geophone spacing of the locational traces                        maximum
horizontal source-to-detector spacing produced by the reverse roll-along
field collec-        ceeding fro left to right across the piot at  tion
method previously described. As shovwn,    about  4800 feet for the array
of FIGURE 1.                     the horizontal spacing is  plotted along
the                     25  the  minimum horizontal spacing after  reach-
vertical scale while  the cross  line of center  90                     ing
a minimum value, about 200 feet, at cross  points is plotted along the
horizonal scale.  line [err] increase  at the cross lines [err]  Across the
top is dericted the channel number.                         at seq. Note
also that at cross line [err] a  of a twenty four channel recorder. The
traces                     full complement of  six locational traces
traces are  recorded per sequence of six shots are associ-
30  located in transverse alignment  and can be  ated with cross sets of
center points that have  95                         combined and beam
steered using  the process-        common channel numbers.  The incremental
35 reaches a maximum value of 4400 feet at [err]recorded on channel
numbers 2--15 of te 100                         and a minimum value of
30O00 feet at [err]    recorder. The  locational  traces related  to
where "Dmax" is defined  as maximum hori- channel numbers 16-24, however,
are seen to                         zontal spacing of a source-detector
pair associ-  provide horizontal source-to-geophone spacing
ared  with a selected cross line of center points  of less incremental
magnitude falling to a                     40  across the plot  of FIGURE
l1, and "Dmin"   minimum value  of 2200  feet at channel              105
is  the minimum horizontal spacing of another  number 24.
source-detecter pair in the same cross line of   Since the omnidirectional
three-dimensional                          center points.
wave front produced by each succeeding seis-                             AS
previously  mentioned, each cross set of  mic source of a sequence of six
shots originates                           ent recorder channels. In some
cases,it may  the line of survey than the previous source
be desirable that the individual traces associ-  point of the sequence, the
field  procedure as  ated with each cross set of center points be
practiced in accordance with FIGURE 1 pro-         recorded (in sequence)
on the same channel  vides locational traces which give the appear-
50  of the recorder. Although each of the locational  ance of receiving
seismic energy from the same  115                           traces recorded
would require different move-  direction with respect to the line of survey
out corrections, (i.e. before each beam  steer  and is often referred to as
a   unilateral field                           operation, different time
shifts of the traces  collection procedure.              would be required
in accordance with the       However, in some field procedures it may
55 corresponding beam steer angle selected) sum- be desirable tp position
the source paints on 120           mation could be accomplished without
channel  both sides of the geophone stations in  an
transportation.                              arrangement  whereby the
locational traces are                          In this embodiment of the
invention, the       located on both sides relative to the line of
locational traces are  recorded using  "roll-  survey. In such an
arrangement. the energy                      60  along"   collection
techniques  previously  originating from the source points reaches the  125
described but modified in that advancement  geophones from  first one
direction then  an-                           of the source from   source
point to source point  other direction  relative to  the line of survey
proceeds in reverse order to that previously   and the use of such an
arrangement is accord- 



described. In this embodiment of the  present  ingly, referred to in the
seismic art  as  bilateral                       65  invention, the source
of seismic energy is  field collection.                           130
13                                  1,270,590
13                 FIGURES. 13 and 14 illustrate two geo-  spacing between
the last used source point               phone and source point arrays
providing bi-  (source point A) and the adjacent source  point
lateral field collection of locational  traces.  in the obique line 66
(source point B). Source`                 In  FIGUTE  3, the  geophone
spread is  point P, has on offset cross distance with respect 70        5
equispaced along the line of survey 65 while  to the line of survey
different from  that of  70               the source points A, B. C, D,
E,F,[err]       ,  source point A  so that a source located at
C', DA,        and F' are located along two  source point B will produce
another set  of               oblique line 66 and 67 which intersect the
locational  traces  identified with center   points               line of
survey or a common angle [err] preferably   substantially parallel to the l
line of survey, 10  equal to show 26-1/2 degrees. In this arrange-  but
offset from the firt line of center pointss. 75               ment, the
source points A, B, C, A', B' and C'  There are, however, a substantial
number               are seen to be located on one side of the line  of
locational traces associated with center               of survey, while
source points D, E, F, D', E'  points in cross alignment with the first
pro-               and F' are located on the other side of the  duced line.
The process is then repeated as 15  line of survey. Across the bottom of
the Figure,  sources are located at the remaining source  80
the spacing of the geophone stations as well  points along lines 66 and 67.
Where the                as the designation thereof, are plotted; as
geometry of the source paint and geoplione                shown the spacing
is constant from  station  station are as shown in FIGURE  13, it can
to station. Along the left sides the oblique  be seen from the typical set
of center points 20  spacing of the source points is indicated; as  of
cross line [err] that the in-line and cross  85       shown,  the oblique
spacing is also constant  spacing between adjacent center points are
from sourc point to source point. Across the  equal to each other. it can
also be seen that                top, the center points are indicated by
reference  the center points of cross line [err] relate                to
cross line designation [err]  . . . [err]  to particular source
point-geophone station            25  As shown, the in-line spacing of the
line of  pairs and have a rather significant horizontal  90 90          25
As shown, in the in-line spacing of the line of   pairs and have a rather
significant horizontal                 center points is constant and equal
to one-half  spacing factor. For example, compare the                 the
distance  between  adjacent  geophone  lengths of the dotted lines between
the follow  95                 stations. Each source point along the
oblique  ing source-point-geophone station pairs: source
lines 66 and 67 also has a common, constant  point (A)-geophone station
[err] and source point             30  spacing interval, the cross offset
component  (D)-geophone station [err]                   95
of which being equal to (i) about the magni-    In FIGURE 14, the geophone
spread is also                 tude of the spacing interval between
adjacent  located along the line of survey; its spacing
detector stations along, the line of survey, and  is constant from station
to station as indicated                 (ii) about one-half of the in-line
component  across the bottom of the Figure. The geometry 



of the oblique spacing interval of the source  of the array of FIGURE 14
differs from that  100                  points. The terminal source points
on each  of FIGURE  13 in that the groups of six        line 66 and 67,
viz, source points A and F   adjacent source points are divided between
two,                  on line 66 and A' and F' on line 67 are seen  oblique
lines diverging from the line of survey                  to be equal
distances from the  line of survey.  in the direction of survey. For
example, six 40     Thus the grid of center points between all
adjacent equispaced source points G, H, I, J,  105
possible source-detector pairs is centered on  K and I are located along
two diverging             the line of survey.
oblique lines 68 and 69. Similarly, the next                    A series of
records is effciently provided  six adjacent equispaced source points G',
H',                  by connecting in sequence, geophones located  I', J',
K' and L' are located along the oblique  45  at the stations [err] to a
recorder 16 through  lines 70 and 71. Along the right-hand side of 110
the switching consoic 17 shown in FIGURE 2,  the Figure, the oblique
spacing of the source                  as seismic sources at the indicated
source  points is indicated and, as shown, is constant
points, are fired. Operation of the switch con-  from source point to
source point.                  sole is coordinated with the location of the
All the oblique lines 68-71 may be ex-  50  geophone station and that of
the fired source  tended to intersect the line of survey at a  115
to provide roll-along collection of the loca-  common angle of intersection
B (preferably                   tional traces in the manner previously
taught.  about 26-1/2 degrees) from the same direction.
Briefly, the procedure proceeds from  left to  Lines 68- and 70, however,
have a positive                   right as viewed in FIGURE 13. Initially,
geo-  slope with respect to the line of survey in the  55  phones at
stations [err] are connected to the  direction of the survey arrow 73,
while lines  120                   recorder 16 and, as a source at source
point A   69 and 71 have negative slopes. Note that                   is
energized, a twenty-four trace record is  similarly sloped lines lie on the
same side of                   produced. Each locational trace is
identified  the line of survey.                   with a particular center
point midway between   Intersection of adjacent lines 68, 69 and   60
source point A and the particular geophone  lines 70 and 71 with the line
of survey are  125                    station [err]  The switch console is
then   equally  spaced  along  the  line  of survey.
activated to  connect geophones at stations  Accordingly, it can be said
that a point mid-                    [err] to the recorder to simulate
advance-  way between two intersection points of like            ment of
the geophone spread along the spread  sloped lines, say lines 68 and 70, is
coincident                65  line of survey a distance equal to the
in-line  with the point of intersection of an oppositely  130
14                                       1,270,590
14                     sloped but adjacent line, say line 69 with the
geophones at stations [err] connected to the   line of survey. To provide a
grid of center  recorder and seismic source is located at   40
points of substantially equilazed and uniform   source point II more offset
from  the line of                      center point density, the source
points along   survey than the source point G. As previously
any one oblique line have a cross component  mentioned, the roll-along
collection technique                         equal to (i) about the
magnitude of the spacing is as if the as if the geophone spread  is
advanced                interval between adjacent detector stations and
between recordings a distance equal to the   45                     (i)
about one-half of its in-line component    on-line spacing between adjacent
source points. 



parallel to the line of. survey. The  terninal    Tn this way locational
traccs are provided              10  source points on adjacent lines, say
source   which can at least be grouped with cross sets
points I and L of lines 68, 69, are seen to be   of center points
perpendicular to the line of               equal distances from the line of
survey. Thus,    survey. Where the geometry of the source  50 the grid of
center points of all possible source-   point-geophone array is as shown in
FIGURE                  dcrtector pairs is centered on the line of surveuy
. 14, the cross and in-line spacing of adjacent   15   Spacing and cross
alignment of the center points are equal. points is indicated with
reference to the scale  Processing of the traces produced by the across the
top of FIGURE  14. Where the  source point-geophone arrays of FIGURES  55
geoometry of the array is as shown in  FIGURE   13 and 14 is in accordance
with the reachings      14, it can be seen from  the typical of  previously
described. After normal moveout             20  center points of cross line
[err] that the in-     and static corrections have been applied, the
line and cross spacing between  center points is  trces can be rearranged
to group the traces                  equal to about one-half of the
distance between   associated with sets of center points perpendi-   60
adjacent geophone stations. Further, each set  cular to line of survey. in
FIGURES 13 and of center points, as typified by the center points 14, the
regrouping schedule of traces is as of  [err] provide  a  si gnificant
horizontal  indicated for the tyical sets. of center points
spacing factor. For example, compare the of cross lines [err] and [err]
respectively.                     lenghs of the dotted lines between source
point  Then, the rearranged traces are beam  steeted   65   J and station
[err] and source point L  and  in the manner previously  described with
refer-                station [err]                 ence to the processing,
equipment of FIGURE             30    In  operation,  the  roll-along
collection   10. method previously described is used.      Table I is a
plot of the incremental hoti-                 methods proceed from right to
left, as viewed   zontal spacing  factor, Dmax-Dmin,  as  a  70
in FIGURE 14. Initially, geophones at stations   function  of center
point location  for  the                 [err] are connected to the
recorder [err] of  geophone-source point arrays of FIGURES           35.
FIGURE 2 through the  switch  console  17. A   13 and 14, respectively.,
The factor, Dmax               recordng of energy received at these
stations  Dmin, is plotted on the left-hand side of the                 is
made as a seismic source at source point G Table, and  center  point
location is plotted   75                 is fired. A second recording is
made with the   along the horizontal scale of the Table.           15
1,270,590      
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aligned with the other of said spread line and       b)      exciting  said
source to produce a seismic                             said series of
oblique lines, said recorded         dissuroanco.   .        .
signals being the  output of said  seismic          () recording the output
signals of each                           detectors,
derector following   [err]                           (B)   statically  and
dynamically  conecting        (1) positioning along a first oblique  said
recorded signals with said two dimensitonal       intersecting the
last-used source point another                          grid of center
points so as to produce a series           seismic source at another source
point more                          of corrected traces, said series of
corrected ed in  advanced in the in-line direction of survey
traces containing cross sets of traces associ- the last-used  source point,
and advancing 10  ated with cross lines of center points of said    said
plurality of detectors along said line of  75
center point grid substantially perpendicular  survey a distance  equal to
the in-line spacing    to said line of survey, at least one trace of each
between the last-used source point and said                          cross
set of traces being a product of a respec-   another source point, said
another source point                          tive source-detector pair
having a substantially   having an offset distance with respect to said
15  different horizontal spacing than at least one          line  of survey
different than that of the last-   80                                 other
source-detector pair of other traces             used source point so as to
produce another associated with said each cross set of traces,  line of
center points each between a detector                         and
and  said  another source  and  substantially
(C)  beam  steering  each cross set of traces to  parallel to the line of
survey  offset from  the                     20  produce a subset of cross
directional traces  first-produced line of center points, but having   85
having improved signal-to-noise ratios for use    a  substantial nmmber  of
center points in cross                         in  determininig  the
three-dimensional stratal  alignment with said center points of the first-
configuration  of  said   earth  formation, said   produced  line, so  as
to  define  cross  lines  of                         multiply reflected
signals in each of said cross  center points substantially  perpendicular
to                         sets or traces also being significantly attenu-
said line of survey.                                90
ated  as said  traces  are  beam,  steered.           (e) exciting  said
another source to produce                         2. The method  of  Claim
1 in which each  a seismic disturbance,                         of said
cross lines of center points associated     (i) recording  the  output
signals of each  with a respective cross set of traces has a   detector
following the last-mentioned excita-                    30  maximum total
cross offset length of sufficient  tion.
95                        magnitude to permit processing of said cross
8. The method  of Claim   7 with the addi-                        sets of
traces by beam steering so as to produce  tional step of repeating in
sequence, substeps                        statistically related  subsets of
cross stecred,  (d), e) and (f)upon the last-used source point 



cross directional traces.                       along said first oblique
line is at a maximum                   35    3. The method of Claim  2 in
which said   cross offset from said line of survey, so as to  100
maximum   total cross offset length of each,  of  produce additional center
points in alignment                        said cross lines of center
points  is less than   with said cross line of center points substan-
3,000 feet.                                        tially perpendicular to
said line of survey, at                          4. The method of Claim  2
in which said  least one center point in each cross line of
40  maximum   total cross offset length of each of  center  points  being
positioned   between   a  105                       said cross lines of
center points is less than  source-detector  pair whose horizontal spacing
300 feet.                                        apart is substantially
different from that of at                       5. The method of any one of
the preceding   least the other source-detector  pair of the same
claims, in  which  said  array of sources and   cross line of center
points.                  45  detectors  is arranged  so   that said  grid
of     9. The method in accordance  with  Claim  110 center points is
formed  of equispaced  center  8 with the additional steps of:
points of uniform center point density.           (g) positioning  on
another   oblique  line                         6. The method  of any  one
of the preceding   intersecting  said line of survey at an inter-
claims, wherein said plurality of seismic source   section angle equal to
that of said first oblique    50  points  are  aligned  on  said  series
of oblique   line, yet another seismic source  at yet another  115
lines intersecting  said  line  of survey,  and  said  seismic  source
point more  advanced  in  the     detector stations are positioned on said
spread   in-line direction by  the in-line spacing of said             line
coincident with  said line  of survey        plurality of detectors than
said last-used  source                        7. The  method  of  any  one
of  Claims 1 to   point, and  advancing said  plurality  of  detec-      55
5, in which step (A) includes the substeps of:  tors along said line of
survey a distance equal  120                        (a)  positioning  a
plurality of detectors along   to  the  in-line spacing  between  the
last-used                      said  spread  line  coincident  with said
line of  source point and  said yet another source  point,    survey and
positioning a seismic source at a   said yet another source point having an
offset                      first source  point having  a    predetermined
cross  distance  with  respect to said line  of survey  less
60  offset with respect to said line  of survey  where-  than  that  of
the  last-used  source  point, as  to  125                     by  center
points each  btween  a  detector  and   produce  another  line  of  center
points  each                     the  source  form  a  line  of center
points parallel  between  a  detector and  said yet another source    to
said  line  of  survey,  said. detectors  having   substantially parallel
to  the  line  of  survey,                    a substantially   constant
station-to-station       (h)  exciting  said  yet another  source  to  pro-
65  spacing of  from  50-500  feet,                  duce  a  seismic
disturbance,                    17
1,270,590                                 17                        (i)
recording  the output signals of each  of Claims 11 to 13, in which the
plurality of                        detector following the last-mentioned
excita-   source points are located such that the com-
10. The method of Claim 9 with the addi-t spacing interval between source
10. The method of  Claim 9 with the add   points along any one oblique line
defines a                   5 tional step of repeating in  sequence steps
(g),  common oblique spacing  interval, the cross   70       (h) and (i)
until the last-used source point     component of which being equal to (i)
about                      along said another oblique line is at a maxi-
the  magnitude of the spacing interval between             mumn cross
offset  with respect to said line of  adjacent detector stations, and (ii)
about [err] 



survey, the magnitude  of said offset being   half its in-line  component
parallel   to the line             about equal to that of the last-used
source  of survey whereby the grid of center points is    75
point associatcd  with said first oblique line,            of substantially
uniform  of substantially uniform  center point density
so as to define a continuous two-dimensional  15. The method in accordance
with may one                      grid of center points.
of the preceding claims, in which step  (A'                      11. The
method of any one of Claims 6   includes the step of positioning said array
at                  15  to 10, in which, in step (A), said detector
seismic sources and seismic detectors such  80     stations  have  a
common, constant in-line  that the incremental horizontal spacing factor,
spacing, each line of source points also having                     a
constant, common obiique spacing interval                  Dmax-Dmin
between adjacent source points and including            20  at least first
and second terminal source points  is from  1000 feet to 8000 feet where
Dmax is     spaced apart on opposite sides of said line of  the  maximum
horizontal spacing between a            survey, said first and second
terminal source   source-detector pair associated  with  center  85
points having substantially equal offset spacings  points aligned in the
same line perpendicular           with respect to the line of survey
whereby   to the line of survey and Dmin is the minimum                 25
said grid of center points is centered at the   horizontal spacing  between
another source-    line of survey.                               detector
pair in the same center point line as                       12. The method
of any one of Claims 6   said first-mentioned one source-detector  pair.
to 10. in which, in step (A), source points    16. The method in accordance
with any one                     along any one oblique line form a set of
source   of the preceding claims, in which step  (C)                30
points having a constant source point interval  includes the additional
stop  of:                    in the oblique direction and include terminal
(j) arranging said subsets of cross directional                    first
and second source points located on the  traces such that each subset
comprises at least 95                    same side of said line of survey.
two directional traces with a common cross                      13. The
method of Claim  12 in which the   moveout and different in-line positions,
the          35  plurality of source points is located  along  different
subsets having different cross move-   oblique lines intersecting said line
of survey   outs.          such as to define (i) a first set of source
points  17. The method of Claim  16 with the addi-  100
located  along one of a first series of lines  tional steps of:
oblique with respect to the line of survey          (k) determining the
cross moveout of at least               40  having a positive slope
measured  from   said   one seismic event in a subset of cross direc-
line of survey in the direction of the survey  tional traces by identifying
which directional                   and a second  series of lines oblique
with  traces evidence said  one seismic event most  105          respect to
the line of survey having a negative  prominently and,
slope measured from  said line of survey in the     (i) determining  the
in-line  moveout of the         45  direction of  the survey, and  (ii) a
second  set  same  one seismic  event by  the  disparity  in  of source
points located along the other of said   arrival time  of said  event on
at least two         first and second  series of positively and  nega-
directional traces having  the same cross move-  110         tively
sloped   oblique  lines,  said   first  and   Out.                  second
sets  of source points  having  similar     18. A   system  for
systematically  collecting         50  and  constant  spacing intervals  in
directions   seismic data along  a line  of survey  for use  in  along
said oblique  lines, and  each  set of source   determining  the
three-dimentional  configura-                   points  including
terminal  first  and   second  tion of  an  earth formation  by
interpretation  115                   source points located  on  the same
side  of said   of  enhanced,  beam-steered  records  of  seismic
lines  of  survey,  the  first and  second  series  of  signals,  including
multiply  reflected  signals,              55  lines  being  defined  by
common oblique  angles  received   from      discontinuities   within
said 



at  respective points of  intersection  with  said  formation,  said
records   being   locationally                  line  of  survey  and  the
oblique  lines  being   associated  with  at least center  points aligned
120                  spaced  apart in  the in-line  direction  so  that
alone a series of lines  perpendicular  to  said                  a point
on  the  line  of survey  midway  between  line  of  survey,  the  system
comprising.              60  the  points of intersection  of  the line  of
survey  an  array   of  seismic   source  and seismic 5                of
two  adjacent  oblique  lines of like  slope  is  detectors positioned
about  said  line  of  survey                  coincident with the  point
of intersection  of the  so as  to  define  a  series  of  source  points
posi-  125                  line  of  survey  of  an  oblique  line  of
opposite  tioned  along  one  of  (i) a  spread  line  parallel
slope  to said two  adjacent lines.          to said line  of survey and
(ii) a  series of lines              65    14.  The method  in accordance
with any  one   -intersecting  and  oblique  relative  to said survey
18
1,270,590      line, and to define a plurality of detector   21. The system
of Claim  18 in  which said                          stations aligned with
the other of said spread   series of source points are located along said
line and said series of lines, said  array being    series of oblique lines
intersecting said line of      arranged  such that the center points each
survey and said series includes (i) a first set of                      5
between a source point and a detector station   source points located along
one of a first series                          define  a two-dimensional
grid including cross    of lines oblique with respect  to the  two of
sets of center points aligned along a series   survey having common
sesitive stopes and  a     of lines substantially perpendicular to the line
second series of lines oblique with respect to     said source points and
detector stations                              the line of survey having a
negative slope said  70
slopes being measured from said [err] or survey      having in-line and
offset spacings relative to  in the direction of the survey and (ii) a
second                         said line of survey arranged such that. at
least  set of source points located  along the outer of        one center
point of each cross set of center said first and second series of postively
and                         points is formed between a source-detector
negatively sloped oblique lines, said first and  75                     15
pair having a substantially different horizontal  second sets of source
points having similar and  spacing from that of at least one other source-
constant spacing intervals in directions along
detector pair of the same cross set of center  said oblique lines, and each
set of source points                         points so that there are
obtained, in use, as a  including  terminal first and  second  source
result of signals obtained  at the  detector  points located on the same
side of said  line  80   20  stations, traces from  which are subsequently
of survey, the first and second series of oblique   derived beam  steered
traces associated with  lines each being defined by common oblique
each set of cross center points of said grid, the   angles at respective
points of in intersection with                        beam steered traces
containing significantly  said line of survey and the oblique lines being
attenuated multiply reflected signals.          spaced apart in the
direction of the line of  85                    25    19. The system  in
accordance with Claim  survey so that a point on the line of survey
18 in which said source points are located  midway between the points of
intersection of    along said series of oblique lines and have  the line of
survey of two adjacent oblique lines                        constant,
common spacing intervals between  of like slope is coincident  with  the
point of                        adjacent source  points, and  said
detector  intersection of the line of  survey of an oblique  90 



30  stations are located along said spread line  line of opposite slope to
said two adjacent       coincident  with  said  line  of survey  such that
lines.  intervals between adjacent detector stations     22. The system in
accordance with any one                       are equalized, said oblique
lines having corm-  of Claims 18 to 21, in which the incremented
mon slopes and common angles of intersection   horizontal  spacing  factor
95                   at their points of intersctcon with  said line
including  at least first and second terminal                       source
points positioned on opposite sides of  is from   1000 feet to 8000 feet
where  Dmax                       said line of survey, each terminal source
point  is the maximum  horizontal spacing between a   40  being of
substantially the same cross offset as  source-detector pair in a
particular cross set                       the other terminal source point
whereby the   of center points perpendicular to the line of  100
grid of center points is centered at said line-  survey, and Dmin is the
minimum  spacing of                       of survey.
another source-detector pair in the same cross                         20.
The system  of Claim   18 in which said  set of center points.
45  source  points are  located  along  a series of    23. The method  of
determining  the three-   oblique lines, with intervals between  adjacent
dimensional stratal configuration of an  earth 105
source points being  equalized, and  said detec-  formation,
substantially   as   hereinbefore   tor stations are located  along said
spread  line  described  with  reference to  the accompanying
coincident with   said   line  of survey, with   drawings.
50  spacing  intervals  between   adjacent detector   24. A  system  for
use  in  determining  the                      stations also being
equalized said oblique lines  three-dimensional  configuration  of  an
earth  110                      having  common  slopes and forming  common
formation,   substantially   as  hereinbefore                      oblique
angles  of  intersection at  their points  described  with reference  to,
and as shown  in, of intersection  with said line of  survey, each  the
accompanying  drawings. 55  oblique  line  of source points including  at
least                     first and  second  terminal source points located
HASELTINE, LAKE  &  COMPANY,                     on  the  same   side   of
said   line  of  survey        Chartered Patent Agents.
whereby  center points, each between  a  source          28, Southampton
Buildings.                     point  and  a  detector  station  are
offset from             Chancery Lane, 60  said  line  of  survey  and  on
the  same  side  of            London, W.C2.                     said line
of survey.                                Agents for the  Applicants.
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