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ABSTRACGL. — Convergion of geologic
compass directions and dip designations
to radians Is often required for math-
ematical treatment of oriented dats hy
computer. The method described here
permits a geologist to rocord the dats
read directly from a Bronton pockot
trapsit in the conventiomal manner.
Data recorded directly on a coding form
or in an.orderiy fashion in field hooly
may be readily koy pumched. A com-
puter program subroutine that perilorms
the conversion is deszeribod.

The method deseribed retains the
conventiongl manner of recording
dips and strikes and converts these
data by computer to radian moeasure
in sphevical coordinates. In this form
the infoimation ean enler into other
mathematical eomputations or may
be plotted by appropriate Motting
equipment, according to a partiealar
type of projection. The method
is advantageous in that it avoids hn-
man crreors that may arise from con-
version to degreey or radians by &
mental or manual ealeulation, The
program ig arvanged so that it can
be added to any other progran ug
a subroutine. Logieal evrors in the
data are detected by the program
and automatically exeluded from
further computations. The conver-
sion computations may he performed
soveral times at each data-colloeting

station as well ag at overy station
within the region of study.

Throughout the diseussion the re-
corded value for the strike of a
plane, as well as that reeorded for
the plungs direction of a lineatiom,
ig vofarved to as a geologic compass
direction. The term is used to de-
seribe the nombery and Tetters re-
corded as data. Strike iz defined as
the direetion of the intersection of
any surface with a horizontal plane
{Lahee, 1961, p. 6). Plunge divce-
tion - is defined as the horizontal
divestion of a vertical plane that
containg the lineation. As used here,
plunge dircetion always rofors to the
direction toward which the lineation
is plinging and not the opposite di-
reution, o :

Tn a similar manner the value ve-
corded for dip of a sarfaeco, as well
as that reeorded Tor plunge of a line-
ation, is referred to as dip designo-
tion. As in the ease of a planc this
term Is used to deseribe the numbers
and letters recorded as data. Dip
designation {or planar surfaces is
congidered to he composed of two
parts, namely the dip angle and the
dip direction {(Figures 1, 2). For
ltneations the two parts reeorded for
dip designation are the plunge and
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llugtrated by an obligque view of tilted
gtrata along an aplifc.
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girettion
-iplunge drection}

Cip designatian :
[plunge and lineaton directicn)

Fn;_mx]_a 2, Plunge direction and plunge
of a lineation ag Hllustrated by an obligue
view of ripple marks on i7lted sirata.

the Hneation direction. Dip angle
is defined as the maximum . angle
of glope of a surface measured down-
ward from a horizontal plane,
Plonge is defined as the angle of
slope of a lineation moeasured down-
ward from a horizontal plane, Dip
direction is. the approximatc car-
dihal direction (N, 8, B, W} in
which .the planar snrface slopes
downward. Lineation direction re-
fers to the approximate cardinal di-
rection (N, 8, B, W) in which a
lineation slopes downward if there
18 no iadieation whieh of the two
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possible divections of the lineation
are nnder consideration. When a
lineation has a single directional
orientation, lineation direction re-
fers to the approximate direction in
which the 'lineation or vector is
puinted.  For example, a [eature
such as an oriented petrified log
might have a single lineation direc-
tion or vecior based on the root end
of the log. A log oriented N40E and
plunging at 25 degrees might have
the root end downsplunge. This
would be recorded as NAOK*25N, If
the log were turned end for end,
relaining the game orientation and
plange, the recording would he
N40E*25%,

The computer program was writ-
ton in Fastran, a language available
on the 7094 eomputer st the Univer-
sity of Tllinois.. Fagtran is similar
to I'ortran and the subrouwtine RA-
DIAN deseribed below may be re-
moved from the rest of the program
and used with a Fortran IT or
ortran - IV program. :

MrasvrEMENT o PLaNAR
STURFACES

A generalized computer program that
accepts all combinativns of geologic
compa#ds diroctions used in measuring
planar surfaces Is desirable. This means,
for example, that a strike and dip of
N1OE[33HE and one of S10W[338 de-
noting identical .orlentation of a planar
gurface should be congidered identical
by the program. The symbol [ iz nsed
to indicats a single blank space. This
variety of notation iz advantageous tn
that the readings may he taken from a
compass sighting from a position con-
venient for the field geologist. Other
poasible readings that denocie the same
orientation of a planar surface as that
indicated above include strikes and dips
of N10E{ 1338 and S10W[J33E.

Geologic compass direction and dip
designation . data represenfing =ample
measurements which may be counverted
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o spherieal coordinates by the computer
program asre tabulated in the following
list,

N10E 33E.

S10W 338

NHWE 235

S10W 23

NOCE pow

NEOE 00N

NOOE 008

N1OW BONG

N15W 70W0D
N33W 18W0
N3GE+10E
NIBE#10N
MN2SE %19
N3SE *
NEEE*1D8
IN3S E #15W
NISE*19U
NIBE+goU
MN35E =30
NIBE+)OE
N3BE+QDN
NISE #{K)
MNISE=Q0S
M35 E =00W
N35E+00U
MNIEE* U
NHTW =10 E
NEBSE+35N
N W 00 E
NODW *Q0E
NE0W #90W
N2GEHI0W

510W 35E0Q
S10EWE2

In many instances the data wero
chosen In order to illustrate extreme
conditions. Such extremes as due N,
due B, and dus E, and due W must be re-
corded as NOOHE or NOOW, S00R or
SHW, NYOE or S%0H, and NYOW or
B90W respectively., For vertical sedi-
mentary strata it is advigable to desig-
nate the dip direetion (N, 8, H, W) as
heing the general direction in which the
top of the stratum faces. Horizontal
planar surfaces should have a dip desig-
nation of OOUN, 003, OIE, or O00W,
where 0 is a zero. Any geologic compass
dlrection (except strikes that paraillel
cardinal dip directions guch as NOOW
00W) may be used with a horizontal
attitude, However, it iz supgested that
“dip direction and strike” for horizontal
planar surfaces be such that it is consist-
ent with other attitudes in the area of
study that are not horizontal. Frourme 1
ghows a fyplcal planar surface and a
record of the surface measurement.

_ The letter O, or g as it may be written
in ecoding, is used to designate over-
turned bedding planes or anrfaces in
which fthe top side elther faces down-
ward or has a downward-facing com-
ponent. In manhy occurrences there may
be no need to distinguish between the

top and botlom side of a surface. Joint
plane surfaces may be an example of
this. In sneh cases a choice between the
overturned and normal poritions i ar-
bitrary, and it iz suggested that the un-
overturned designation he used consist-
ently.

No provision has been made in the
program for indleating that o measure-
ment has keen made on a plane that is
upside down horizontal or even farther
overturned.

MrssurEMENT oF S3ann SoaLm
Linears

Features such as ripple marks, parting
lineations, and slickenside grooving may
he measured with a Brunton pocket fran-
git and the data directly recorded ac-
cording to geologle compass direction
and dip designation. The dip designa-
tlon, as previously defined, consists of
the angle of plunge abd any one of four
possible lineation directions (N, § I,
W). This form of recording requires an
agterisk (*) between the geologie com-
pass  direction amd dip designation.
Plunge direction and strike of a plane
are recorded in the same way to con-
gerve space and facilitate key punching.
For emall seale linears geologic compass
directione and dip designations of
NIDE*1N, NIZE*19E, or NI5SE*1I
may be uded fo reprezent a lineation
that plunges 19 degrees in the dirsction |
N30E and points toward either the N -
or B, When lineation direction is not re-
ported it is nndergtood to he that of the
plunge direetlon, The allowance for a
blank space ia primarily for convenience
in recording data. A value of NIGE*
OO0 il he procesped as If the lin-
eption were horizontal and directed
north 35 degrees east. In this example
the two blank spaces for plunge ars proc-
assed ag if they were 00 in value, where
0 iz a zero. A record for the inverse of
the above values would be either N3TE*
198, N3sH*19W, or N3E*191. ITere the
lineatlon plunges 19 degrees In the di-
rection N3BE Pbut poinis toward elther
the south {8), weslt (W) or up (U). The
letter U iz applicable only to lineation
measarements. A plunge direection can-
not be exactly at right angles to the
cardinal lineation direction. Thus,
NOOE*E Iz not a valid geologic com-
pass direction aid dip designation.

Moreover, the computer program is
arranged so that a lineation iz defined
by N3BE*18[] hut the lineation direc-
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tion must be added to define which way
the lineaiion is pointing. A typical
lineation and a record of the lineation
measurement are shown in Furem 20 A
geclogic compasy direction is mandatory
for all vertical lineations no matier
whether they are directed upward or
downward.

Some variety of recorded letters and
numbers for plunge direction, plunge
angle, and lincation dircetion are provid-
ed Tor in the computer program, but this
notation is more restricted thau that
ased tor planar surfaces. Horvizontal
linear features may he recorded with 00
for the angle of plunge and any of the
four cardinal directions as tho lineation
liroction. The record NIFE*ME may

repregent such a lineation. Values
of N35E#00N, NA5EB*00] and N35E*

[0 represent the samo lineation
direction. The inverse of this direction
may he desighated hy either N3SE#00S
or NAEE#*00W, or by NSEW=00U or N3b-
B* V. '

Vertical or nocarly vertieal lineations
might he more accurately measured by
the measuring-devics method discussed
below, However, recordings of N3SE*QUE.
NZ5E*50N, and N353E+90[] may be uscd
to represont a vertically plunging linea-
tion pointing downward. A vertically
plunging Iineation pointing upwar d
could he represented by N3IZE*INW,
N3EE+308, and N25E*50U. The goologle
eomupads direction of N35E in these desig-
nations means only that this value is
conglstent with othev associated values
that have o northeast plunge.

_ When the dip and strike of a plane

TicURE &, Obligue view of an outcrop
and a lineation measuring device that
provides a meadurement surface perpen-
dienlar to the lineation.
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that is perpendicnlar to the lineation it-
self 18 to be measured, a device such as
that shown in Frevwe 3 may be used
The data recorded from sueh measure-
menty define a lineation. The measure-
ments arz recorded as a geologle com-
pass direction and dip designation with-
out an asterisk, If the log of the linea-
tion meaguring device points toward the
down-dip direction of the lineation, the
plane that 18 measured ig considered un-.
averturned.. The leg of the lineation
measuring device may he used to point
in the direction in which the lineation
points. Where the lineation points up-
ward, the leg of the measuring deviee
will alge point upward, giving the per-
pendicunlat plane a downward-facing
component. The plane opon which the
dip and strike are measured lg then con-
gidered to be overturned and the data
recorded deflne an upward-pointing
lineation. All eonditions that apply to
measurement of planar surfaces also
apply when the measuring device I8
need. The tace of the planar surface op-
poslte the leg of the measuring device is
ahglogous to the top side of the hedding.
Tor horizontal or nearly - horizontal
lineationg it may be gimpler to dispense
with the lincation measuring device and
mearure the lineation direction and
angle of plunge, recording it as a geo-
logie compags direction and dip deslgna-
tion separafed by an asterisk.

Tse of the lineation meazuring device
is optlonal tor measuring data to be
nsed with the computer program. In
many instances the inconvenience of
having another plece of field equipment
may preclude its use.

DisgcussioN oF CoMPUIER
PROGRAM (OFFRATION

The computer program In Appendix
A is in two parts—the subroutine RA-
DIAN and a main program for reading
data into the compuier memory and
writing out results, The {firgt data card
must contain the letters NSEW#=0JU
(FacukE 4). All data cards subsequent
to thig first card (except thée last one)
should have the geologle compass direc-
tion and dip designation punched in
colymns 1 through 9, Although the main
program is arranged to read data eards
in these particular columns on each
card, it may be altered readily to muse
information punched at anhy position on
the card or any series of geologie com-
pass directions and dip designations on
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Prvze 4, Arrangement of eouiputer
program punch cards and dala punch
cards,

each data card. In all such cages sub-
routine RADIAN wonld remaln wunal-
tered.

Each set of dala cards reguires a
blank card at the cnd to flag the termi-
nation of the daka beéing read into the
array in the computer iitenmory, Aftor
each dala curd s read by the computer
the criented geclogic data are converted
to radian measure, Answers from each
computation are stored fn an array sim-
ilar to that in which the original data
were stored. Tor  complefeness, the
aszimuth angle and zenith angle are writ-
ten out by means of the main program
along with au indieator for the presence
of a lineation (*) and a logical data er-
ror (Abpendix i3).

The program requires about 5 seconds
Lo comvert 100 geologic compass direc-
tions and dip designations to radiang in
a 7094 computer. This is computer run-
ning time, which does not inelude Lhe
systam time of about 10 geconds,

Throughout the subroutine RADIAN,
statements have been used to agcertain
the presence of a partieular lelter or
symbol associated with a geologie com-
pags direciion or dip designation. If the
value alter a subtraetion iz zero, the
computer may he directed to a particular
computational statement. If either =
negative or pogitive value is obtained,
lhe computer may proceed Lo the next
statoment, which directs tho computer
to try subtracting another letter or sym-
bol. By thig method a letter W wonld
be ideutified on the fourth trial by sub-
tracting N, 8, &, and W in seguence from
the wvalue in guestiom.

" Subroutine RADIAN converts the gec-
logic compass ‘directions to spherical co-
ordingles by using radian measure, The
first: part. of the subroutine converta all
geologic compass directions to azimuths
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measured clockwize around a 260-degree
compasd. This is done for strikes of plan-
ar surfaces as well as plunge directions
tor lineations. The decision as to which
part ot the subrontine follows depends
onl whether an asterisk or a blank space
is present hotwesn the geologic compass
direction and Aip demignation. If a blank
space is pregent, the azimuth and zenith
angles of the planar poles are detevmined
for each recorded dip and strike, To find
these Lhe program provides for the ar-
bitrary subtraction of 90 degrees trom
the strike divection. The subsequent sub-
traction-IF statements ascertain the dip
direction to be either N, 8, &, or W and
then correct the planar pole azimuth by
180 depreocas If necessary. The decision
and computational statements are ar-
ranged 8o that tho azimnth is always
greater than zern degrees but less than
or equal to 360 degrees. The zenith angle
of the poles is computed by subtracting
the angle of dip from 180 degrees. If the
dip designation cn the data card ig tol-
Iowed by the letter O for overturned, the
gzimuth of the planar pole iy invorted
by subtracting or adding 180 degreos,
depending upon which will vield a value
greater than zero degrees but equal to or
less than 360 degrees. ¥or overturned
planar surfaces the angle of dip of the
plane is equal to the zenith angle of the
planar pelo.

When an asterisk is prescnt hetween
the geologic compass directlon and dip
degignation, the recorded altitude is con-
zidered to be a measurement of a linea-
tion, or & lineation direetion, Tho pro-
gram arhitrarily considers lineations to
be directed downward; the lineation ¢i-
rection of the measured features may he
left blank, as dizeussed provionsly. If not
left blank, the lineation direction (N,
3, B, W, T} serves to indicate which of
the two possible lineation directions is
uhder congideration, Much of the linea-
fiont computation part of the subroutino
RADIAN econsists ol logic checks and
other considerations for exireme cagea.
In case of a downward-pointing lneation
direction, the azimuth that wag de-
terminoed earlier in the program iz ac-
cepted as the azimuth angle, For upward-
pointing lineations this value ig reversed
by 180 degrecs go that the new azimuth
is preater than zerc deprreces but leay
than or egual to 360 degress. The plunge
iz ndded to 90 dogrees to ohiagin the
zenith angle. For upward-pointing linea-
tions the plunge is subtracted from 90
degrees to obtain the zsnith angle.
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Fraoue b, Obligue view of an orienta-
tion sphere illustrating angles g and g of
a planar pole for o plane striking N10T
and dipping 33KE. The part of the vlane
in the lower hemigphere iz stippled.
P — planar pole, g — azimuth angle, g —
zenith angle, 1t the plane wers over-
turned the planar pole would be inverted
with respect to the illngtrated position,

Fi:CER 6, Oblique view of an orienta-

tion aphere illuatrating angles g and
of a Uneation—plunge divection of NaGE,
plunging 1%E, A plane containing the
lineation is stippled and dashed parallel
to the lineatiom. This plane iz inserted
for comparigon with Figure 2. P—=vector
repregenting lineation, p—=azimuth angle,
— zenith angle., A dip designation of
19W wonld {nvert tho lineation direction.

As g final astep, subroutlne RADIAN
converts azimuth angle and zenith angle
from degrees to radiang and stores those
values in the TITHTA and PHI array of
subscription variables. The value used
for ¢ in this conversion is carried to the
gixth decimal place. Freuses % and 6
show angles THETA and PHI for the
planar surface and plunging lineation
iyatrated in Frauezs 1 and 2.

When the blank eard flagging the end
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af the data is recognized by the com-
puter, computations cease and the malin
program directs the computey to wiite
out the stored values of THETA (¢) and
PHI (g), along with an Indicator as to
whether the value represents a plahe or
a lineation. Appendix B lists output from
the sample data cards previously tabulat-
ed in the text,

T.ogical errors in the data cavds are
located by the program. Appendix C listy
eight such logical errery by number, If
thig type of error ig encountered during
a computation, the computer will store
the number of the error in a subseripted
array for tuture listing and proceed to
the next geologic compass divection and
dip designation or data card. The ab-
sence of an orror I8 indieated by a zevo
in ihe output listing (Appendix- B},
otherwise the error number iz listed,
Tetlers or symbols that ave accidentally
Inserted for the numerical eonipoass
angles on the data cavds will 4atop the
computer. Howevor, numerieal valyos in-
serted acclidentally for letiers or symbols
will not stop the computer bhut will be
indicated as one of the types of error
ghawn in Appendis O,

ADVANTAGER OF W{IE
losrunEr MmrHOD

The computer program presented
may be unsed with Brunton pocket
transit meastrements on planes, line-
ations, and divectional Jineations
with no need for a second or third
program. The notation for record-
ing data is similar to that ecommonly
used by field geologists and reguires
no gpeeial device, fechnique, or pro-
codure for obtaining and recording
griented data. Iowever, measuring

“devices such as that iHustrated herve

(Hrgune 3) or those illustrated by
Potter and Pettijohn (1963, p. 78)
may be used in measuring oriented
data for the deseribed compnter pro-
gram. Messurements on the ceiling
of & mine or tunnel may be taken
just as readily and recorded as those
on a horizontal outerep. The pro-
eram is generalized to the extent
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that it will handle extreme ecases,
overturned planar surfaces, and vau-
ivus combinations of measurements
on the samo oriented featuyre. "The
program may be used on various
types of orienfed features In sedi-
mentary, jgneons, and metamorphic
roeks. There is very little or no re-
striction on the three - dimensional
orientation of the feature meagurad,
Overturned planes or bedding may
be just as easily measured and ve-
corded for use with the program as
horizantal lineationg in which the
compass direction is the only im.
portant congideration. In all in-
stances the ortentation is determined
in spherical eoordinates.

Radian measure is advantageous
in  that the values of trigonometrie
funetions for the angles may be
readily found by a computer. Tho
data in the form of radian measure
may be readily adapted for treat-

AvrennTs AL
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ment in numerous ways, These in-
clude statistical analysiz, such as the
work by Scheidepger (1965) and
Stefmnetz (1962) ; direet plotting of
the data aceording to an equal-area
projection in a manner similar to
that described by Fairhairn (1949 p.
276), Robinson et al. (19631, Doell
and Altenhofen (1960}, and Spen-
cer and Clabaugh (1967); and
methods to remove tilt effects sueh
a8 described by Murray (1966, 1967)
and Noble (1%2864). The conversion
subroutinie may be added to other
programs or supplemented by ad-
ditional subrontines. Space is avail-
able on each data eard to add other
information, including station num-
ber, arca of study, and roek nnit.
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20 IF (N4- M (8))45,26,45
21 IF'?N‘1~M(1 g26,30,26
22 |F{M1-M{2))26,30,28
23 1F N2-MES ;23,80.26
24 1F{N2.M{4))26,30.26 -
30 A2=A2-90.0
GO TO 74
28 1F(A1-180.)27,97,28
27 Al=A1+4180.
GO TOo 29
28 A1=A1-180.
29 AZ=90.0-52
0 TO 74
$ DATA
NSEW+*D U

Comrurer PRogEAR QUTPUT FROM ORIENTED (ROLOGIO DATA Ligrin
IN Texr,

APPENBIX B,

RADIAN MEASURE FOR
AZIMUTH——ZENITH ANGLE—PLANE SURFACE GR LINEATION (%)
THETA PHI

ERROR

4.886022  2.565634 [
4886922  2.565634 o
4.886972  2.565634 a
4286922  2.565634 Q
1.570797  3.141503 0
3141582  2.141503 0
6.283136  3.141503 0
1386264  1.396264 i
4450590  1.670797 o
. 1.221731 8
.136431 .314159 0

610865 902400 = 0

610885  1.902409 # 0
610865  1.502409 » 0
.610865  1.570797 ® 0
3.752468  1.239184 % o
5.752458  1.239184 ® ¢
3.752458  1.239184 % Q
3.762458 60000 # 0

610865  3.141683 # o
610865  1.570797 #* o

610865  1.570797 * 0
610865 1.570797 “ i
3.752468  1.570797 # 0
3,752458  1.570797 ® 0
3.752458 170797 ® 0
3.752468  1.570797 * o
3124140 1.356264 * 0
1.653343  2.181662 # 0
3124140 1570797 ® 0
1.570787 -00000 ® i
4712380  8.141503 * ¢
3.577025 000000 . % 0
2.967060 000000 % 0
4.886022  2.617994 0
1.745350 610865 0
2.067080  1.780226 * 0

ArpErpix C. Dara Hekor TYPRs WeICH May Bo RroogNIzep By Time CoMDUTEL

PROGRAM,.

ERRORS

NO. TYPE

1. AT LEAST ONE OF THE DIRECTION LETTERS OF THE GEOLOGICAL GOM-
PASS DIRECTION IS INCORRECT OR MISSING. ERRARGCRS IN THE D!P DESIG.
NATION MAY ALS0O BE PRESENT,

2, THERE IS SOME CHARAGCTER BESIDES + OR (BLANK) BETWEEN THE GEOQ-
LOGIC COMPASS DIRECTION AND THE DIP DESIGNATION.

C

3. THE DIP DIRECTION 1S MISSING OR INCORRECT. THE LETTER U CAMNOT
BE USED WITH PLANAR SURFACE DI DESIGNATIONS.

4 A GEOLOGIC COMPASS DIRECTION FOR A PLANAR SURFACE (STRIKE} GCAMN-
NOT PARALLEL THE CARDINAL DIP DIRECTION. THAT 1S SUCH VALUES
A8 NOOW 105 AND NIOW 16W ARE NOT VALID FOR A PLANAR SUHRFACE.

5. THERE IS SOME CHARACTER BESIDES O OR (BLANK) IN THE OVERTURNED
DESIGNATION COLUMM.

6 A LINEATION OR DIRECTIONAL {TSELF 1S NOT CONSIDERED AS BEING
OVERTURNED. THE PLANES WHIGH BEAR THE LINEATION ARE CON.
SIDERED QVERTURNER.

n=
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7. A GEOLOGIC GOMPASS DIRECTION FOR_ A LINEATION OR DIAECTIONAL

CANNOT BE AT EXACTLY RIGHT A
BIRECTION, THAT I8 SUCH VALUES

NGLES TO THE CARDINAL LINEATION

A5 NOOWS10W AND NIOWHIES ARE NOT

VALID FOR A LINEATION OR A DIRECTED LINEATION. .
3. AT LEAST ONE OF THE RECORDED ANGLES IS OVER 90 DEGREES.
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