introduction

Cavemaps are used by everyone interested in caves;
explorers use them to record thelr exploration, show
areas likely to lead to more passage, and to find their
way through caves, Geologists and hydroiogists use
maps to determine how caves formed, and to identify
water flow patterns. Microclimate researchers use
maps extensively to determine air maovemant and to
record temperature patterns. Biologists use cave
maps to plot the distribution of anima! species. For
the historianacave mapactsiikeafingerprint to
identify long lost caves or ones whose names have
been changed. Cave mapping is the first step in the
study ofacave, and the one which can be of the most
benefit to the greatest number of researchers.
Interestingly enough, most caves are not mapped by
scientists but by cavers who survey to record their
exploration, or for the pleasure of it. There certainly
is a special satisfaction in knowing your visit to a
cave will be of iasting value,

Surveying is an activity which can be enjoyed by any
interested caver, and which does not require years of
study to master. Each of You, even if you have never
mapped a cave before, are encouraged to give it a try.
I'm sure many of you know someone whe would
welcomeyourheipona surveying trip. Thisisan
excellent way to get started and to gain afeel for what
cave mapping is ali about. The intent of this article is
to explain some of the basic concepts and
procedures used in mapping a cave, and to show you
now to draw a cave map once the survey is
completed.

Equipment

The equipment used for cave mapping is simpie and
rather inexpensive A compass is needed to
determine passage direction, a clinometer to
determine slope, and a tape to measure distances. A
notebook is used to record all measurements and a
running sketch of the cave.

Choosing a2 compass for surveying can be difficult
since there are many choices availabie, See figure 1.
Theold standbyis the Brunton pocket transit; a
sturdy compass in a metal case wilh a built-in
clinometer. Suunto makes hoth compasses and
clinometers in metal housings. These instruments
are very accurate but are difficult to read in a cave
under conditions of poor lighting. The Suunto
compass also has atendency to give errongous
readings when sighting is attempted up or down
steep siopes. The Silva Ranger is a iess expensive
compass, is suitable for mapping, and has a satting
for declination. The Silva is accurate to within +2°;
enough accuracy for most survays,

There are several scales commonly found on
compasses. See figure 2. The azimuth scale runs

CAVE SURVEYING

Jim Njeland

Figure 1. Commonly used cave surveying instruments,
From left to right: Sitva Ranger compass, Brunton
compass. Suunto compass, and Suunto clinometer

from 0to 360 degrees, with 0 degrees being north, 90
degrees being east, etc. The next most commaon
scaleis the quadrant. The compass card for this scale
Is broken inte 90 degree quadrants which are rsad
starting at 0 degrees north or 0 degrees south (see
illustration). This scale causes confusion even with
Sueveyais who have used it for years, and js a source
of many directional errors. The least common scale is
in mils and may be found in some old style military
Bruntons. A mit is a unit of angle measuremant used
for mititary fire and is equal to 1/6400 the
circumference of acircle.

N

b,
y’\w-/ N P
-
5 S
QUADRANT AZIMUTH

Figure 2. The two most commaenly found compass scales
¢ Quadrant and azmuth. The azimuth scale is the
Clo use and usually causns the fewest reading
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A clinomater is used (o measure slope angles. This
measurement 15 necessary tor correction of siope
distances when plotting the pian view of the cave
Three common clinometers are frequently used for
cave surveying; these are the buill-in Brunton
clinometer, the Suunto, and the Abney. A simple
homemade clinometer can also be built using a
orotractor and a weighted string. Surprisingly, the
protractor-clinometer Is nearly as accurate as many
expensive Instruments.

A tape is used to measure distances. The most
versatile is made of fiberglass. See figure 3. Steel
tapes have atendency to kink and treak, which in the
absenceofarepairkithascalledahalttomanya
mapping trip. Tapes come in three standard lengths,
50, 100, and 200 feet. For most caves a 100 foot tape
is best. Fibergiass tapes canbe purchased loase or in
reels. Generally a reel is a good idea. It eliminates
having to carry a coil of tape when the full length is
not being used. This can be a big help when moving
through restricted passages.

Figure 3. The most versatile tapes are made of fiberglass
and can be purchased loose or in a reel These tapes are
very rugged and nearly impossitle (o break. Following &
mapping Irip they should be hosed off (hen allowed to dry
before storage

To record vour data you will need a notebook. For dry
caves almost any pocket sized notebook will work. In
wet caves a waterproef one wiil be necessary.
“Write-in-the-rain” notebooks are available at most
survaying and drafting supply stores. These note-
books are filled with paper which will not crumoie
when wet and remain easy to wrile on. Al waterproof
paper, however, is difficult to erase when wet_ 1t is
better to cross out the unwanted data and re-enter the
correct data on the next line. Also available for the
notebocks are heavy plastic covers which provide
excellont protection

Page 2. Cave Surveying.

Tha Survey Team

Mapping acave is difficultto do alone; you will need
some help, Two to five and sometimes maore people
can be used to make up a survey team. Usually ateam
of three works best, however, in a small cave, or cne
with restricted passages, oo large a team gets In the
way and makes work difticult.

With a team of three, one person establishes stations
and pulls the tape ahead, down the passage. A
second person (rear chainman) reads the tape, and
also takes compass and clinometer readings. The
notetaker stays to the rear to record all readings ana
to sketeh the passage outline, profile, and cross
sections. In selecting a notetaker be sure that person
will also be the one responsible for drawing the map
since he will be betier abletodetecterrors if any
shoultd occur.

Additional peaple can be used to read the tape, to
measure passage heights, or to measure passage
widths. ltis sometimes helpful to haveaperson
stand at a station so it is notlost as the rear chainman
moves forward. Extra help can also be used to check
side leads to see if they will require surveying or just
sketching.

Surveying

The process of surveying is rather simple but care
must be taken to assure accuracy. The normal
process requires the lead tapeman 1o proceed as far
down the passage as possible while remaining at the
center of the passage and within sight of the
compass man. Exceptions occur when there are side
passages or other features which must be accurately
pesitioned onthe map. ln this event itiswiseto
establish stations at those points. Once the lead
tapeman has selected a stationhe holdsthe zero
mark of the tape directly above the potnt while the
rear chainman pulls all the slack out of the taps and
reads the distance. Next the lead tapeman holds a
light over the station tor the cornpass man to sight
on. The light shouid be held at a known height so
clinometer readings can atl be taken from the same
glevation, otherwise an error may resuit if the cave's
depthisbeing determined.

The notetaker foliows the compass and tapeman and
records ali data. Since the notetaker is responsible
for recording data he will be the team feader. He will
teil the team which points he needs azimuths and
measufements ton order to draw the map. The
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Figure 4. A typical page out or a survey notebook showing
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notetaker should repeat all readings called out by the
rear chainman as a double check for accuracy.

The notetaker must record certain data in order tor
the map to be drawn. See figure 4. Measured data
includes the azimuth between stations, stope, and
the distance. At each station the height and width of
the passage afe recorded Height and width
estimates can be used when distances are under
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Three methods of recording survey dala. tMany maie

variations are possibfe but these are the ones mosi
commonlyused. The format you choose is mostly &
matter of personal preference and is not impartant as
jong as all the necessary information is recorged and you
can undersiand it fater.

twenty feat; overtwenty feet accuracy drops off
rapidly and more measurements shoutd be taken. If
ihe traverse line does not follow the center of the
passage it will be necessary to record the distances
to the right and left wall, when the survey notebook is
opened there are two pages showing; the left hand
page is used for all measured data. The right hand
page is used for sketching.

Two different sketches of the cave passages must be
made. Firstis the plan view; this is an outline of the
cave as viewad from above. [t is important to show
and number all survey stations on the plan sketch
along with any special features such as streams,
pits, pools, breakdown, or speleothems. The second
sketch is a profile view as seen from the side. This
view shows the cave as if it were cul in two
vertically; slope of the floor and any irregularities of
passage height are drawn. Station numbers must be
shown in the profile, though less other detail is
needed since it is already shown on the plan sketch.

At each survey station it may also be desirable to
draw a cross section of the passage. tf passage shape
is fairiy uniform it may only be necessary to draw
an occasional representalive cross section. Belween
stations passage heights may change and should be
noted on the plan sketch. Special features hetween
stations can be located by noting their distance from
the last station.

When a large room is encountered its outline can be
surveyed by setting a station near its center then
maeasuring the distance and azimuth to different

pnoints along the walls. The wall shape ¢an then be

sketched between measured points and an accurate
plan drawn. This same method ¢an also be used to
iocate important features within alargeroom.

The speed at which a survey team can move depends

_on_many_tactors,_including _the_team's_experience

difficuity of the cave, and the length of sights which
can be made belween stations, to name just afew. It
Is to the team’s advantage to take the longest sights
possibie. This will speed up the survey and also tend
to increase its accuracy.

Another way to increaseé accuracy and reduce the
possibility of erroncous readings is backsighting. To
do this both the campass man and the lead tape man
1ake sightings on each other. The two azimuths are
compared and if they do not agree they are shot aver.
Inthe eventthatnoagreementcan bereached an
average is decided upon and recorded in the
notebook. This metnod greatly reduces the chance
for errors and also helps give an indication of
magnetic anomalies near the survey stations.

Local magnetic anomalies may at times deflect the
compass needle from north and rasult in erronecus
readings. In most solution caves thisis not much of a
problem; however, in lava tubes it is always present
to some degree.

Deflections of up to 20 degrees have been reported
from some lava caves. Needle deflection can also be
caused by pipes, rallings, carbide lamp reflectors,
electrical wiring, and even knives, watches, and belt
buckies. [n lavacaves it is best to stay near the center
of the passage, away from walis or any large pieces of
breakdown, to help reduce the possibility of
unwanted magnetic attraction. If an unwanted
magnetic attraction is suspected a quick check can
be made. Hold the compass firmiy in hand, keep it
pointing in the same direction, and move it slowly
toward the suspected anomaly. If the needle shows
additional deflection move away fromthe object
betore making asighting, or mave on to the next
station and take a back sight.

Marking of survey stations is coming under a new
athic. in the past it was felt that survey stations were
of some permanent value and needed to be marked
and preserved forever. Maost surveyors now find that
permanent markers are nNot Necessaly, they mar the
cave, and can cause confusion il subsequent SUrveys
are made. Most modern surveyors find that tying
their survey into prominent natural features gives
them permanent reference points which are just as
good as big orange stakes driven into the floar.
Temporary, removable station markers are fraquently
used and include such things as heel marks in din
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Page 5. Cavs Surveying.

Angle Sine Casine Angle Sine Caosine Angle Sine Caosine
1° 0175 .8998 31° 5150 8572 61° 8746 (4848
2° 0349 1G854 32° 5295 8480 §2° 8829 4655
e 0523 9986 33° 5446 .8387 §3° 8910 4540
40 0898 9976 14° .5582 8290 64° 8988 14384
5° .0872 .9962 35° 5736 8192 557 5063 4226
6° 1045 .9945 36° 5878 8030 656° 9135 L4067
1° 1219 .9925 37° 6018 7986 67° .8205 .3907
ae 1392 8963 18° 6157 7880 68° 9272 3746
g 1564 .9877 19¢ 62493 g7 89° 9336 ,3584

16° 1736 .9848 40° 6428 7660 s 9397 .3420

11° 1508 9816 41° 6561 7547 e 9455 3256

12° 2079 9781 42° 6691 7431 72° 5511 .3090

13° 2250 9744 43° .6820 7314 13° .9563 2924

14° 2419 9703 44° 5847 7193 14° 9613 .2756

15° 2588 9659 45° 7071 7071 15° .9659 2588

18° 2756 9613 46° 7193 6947 76° 9703 2419

11° 2924 9563 47° 7314 6820 17° 8744 2250

18° 3090 9511 48° 7431 6691 78¢ 9781 2079

19° 3256 .9455 43° 7547 6561 19° .9816 1508

20° .3420 9397 50° 7660 5428 80° 9848 1736

21e 3584 9236 51¢ I 6293 a1° 9877 1564

22° 3746 9272 52° 7880 6157 827 .94803 13982

23° .3907 9205 53¢ .7586 6018 83° .9925 1218

24° L4067 8135 54° .8080 5878 84° 9945 1045

25¢° 4226 8063 §5¢ 8192 5736 85° .8962 0872

26° 4384 ,8988 56° .8290 5582 a6° .9976 0698

27° L4540 8910 51¢ .8387 5446 a7° .9986 0523

28° L4685 L8829 58° .8480 5299 a8° 19994 .0348

29° 4848 8746 59¢ 8572 5150 89° .9998 .0175

10° 5000 8660 80° 8660 5000 90° 1.0000 L0000

Figure 5. Triganometric functicns of angies between 1

ang 20 degrees. The vertical rise or fall between statjons
is determinad by multiplying the sine af the verticai angie

floors, pieces of plastic flaggingribbon, several
small stacked rocks, of even pieces of Scotchlite
tape. Study plots have been marked using small
aluminum tags anchared by coacrete nails driven
into cracks. These are removabie and cause little
damage if discreetly placed.

Drawing The Map

Drawing of the map wili take as long or longer than it
took to survey the cave. tn any event, it is important to
pay special attention to detall so none of the care
taken during surveying will be tost while plotting the
survey data.

There are two basic drawings te be made; plan ang
profile views. A plan view will show the outline of the
cave as seen from above, and a profile wilt show the
cave as seen from the side. it is beneficial to have
both the plan and profiledrawn on the same map
sheet so they can be compared by the map user.

In order to draw the plan view of the cave it is
necessary to correct all slope distances so they
representtrue horizontal distances when plotted on a

iimes the slope distance. The corrected horizontaf
distance is determined by multiclying the cosine of the
vertical angle times the slobe distance.

flat picce of paper. This is easily done by multiplying
the slope distance times the cosine of the siope
angle. See figure 5. The rise or fall between stations
can be determined by multiplying the slope distance
times the sine of the slope angle. These corrections
are most conveniently placed on a separate pisce of
paper along with the copied survey station notes.
Rarely there may be room to place the correclions
directly in the notebook. See figureb.

You will need some equipment tor plotting the
survey. Grid paper, ten lines per inch, is the best for
drawing. Youwill also necd a protractor, calibrated to
half adegree, ahard pencil, and an engineers scale. A
drafting machine can be used instead of a protractor
for piotting directions, and may result in more
accuracy. Masking tapeis used to firmly hold the grid
paperdownona flat working surface, suchasa table

or desktop.

Before plotting can be started it is necessary to
decide on a map scale. The scale should be a
compromise between the detall which you would like
to shaw and the size of map to which you are limited.
Mo map should be drawn which covers an area much
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SPELEOMETRIC CHART. The speicometric cnart can be
used to determine the horizontal and vertical correction
withoul the use of trigonametnic tables, a shide rule. or
calculator.

To use the chart locate the surveyed distance then
follow the arc (curved line) until it intersects the vertical
angle measured between survey stations. From this
intersection read the chart vertically below for the
horizontal distance, or horizontally to the ieft lor the
vertical distance {rise of falfy.

Paga 6. Cave Surveying.

during printing. If your cave Is of a known length,
calculate the distance it wlll cover on a map at
different scales, sayat 20° = 17,50" = 1", and 100" =
17, Inthis way you can decide upon a scale which witl
allow you to stay within the size map sheet you
prefer. After this is done you are ready to start

plotting.”

—_—

|
i

P

Jcomarcren)

When the siope of a passage varies more than a few
degrees if becomes necessary o shorten the survey
distances before drawing the map. 7o do this measure
the angle of inclination of the passage. The true
horizonial distance is then calculated using (rigono-
metric functions or a speleometric chart.

SLOPE | HORIZ. | VERT. | VERT STA.
STA. | AZ. | pisT | oisT |anGLE |cHanGeE| ELev. [HEICHT WIDTH
0 80° 30" 30 0] 0 O 5 10
! 20° 25 216 ~30° -12.5' 0 4 12
2 Ioe 36’ 359" | -5° =31 -12.5' 15 4
3 . — | —I56 6 7
I~2A 130° 24’ 238" | +5° +2.1 0 4 12
2A 90° 35 3s5' +-3° +1.8' + 2.1 6€ | 8
3A —_— —_— —_ j e — | +353 10 6

Figure 6. Corrected survey data.

Belore the map can be accuralely plott2d it is necessary
to carrect (he survey data. Above is a convenient form
for copying survey notes, and showing corrected
horizontal distances. change in elgvation between
stations, and station elevations.

targer than 36 by 50 inches. Sizes largar than this ara
difficult to handle and hard to reproduce. For
publication purposes maps over 16 by 30 inches
become Increasingty difficult to faithfully reproduce

When calculating station elevation itis customary [0 US€
e entrance as the daum level. Staton alevations are
then shown as + (above entiance) or - (befow entrance)
e.g +3.9 = 3.9 feet above the enlrance On the map
the elevation is roundad o the nearast whole foot (4) and

shown as 4.

The first step in plotting s to determine which
direction the cava runs. You must be careful to stant
plotting so the survey stays on the paper and dces
not immediately run off the edge. By quickly looking
through tha notes you will be able to datermine the
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NOTEHOOK ABBREVIATIONS

STA Station numbear. Stations should be numbered conseculvely st

Page 7. Cave Surveying.

arting al station "7 Letter suffixos can e used [0

danote branching survey fines following side passages, efc.

AL Azimuth batween survey siations

HET Distance between survey Salons.

VERT Vertical angle (inclinaticn) between survey stations
HT Passage height at survey station.

wWo. Passage width at survey station. |

fthe station is in the conler of the passage, haif of the widitn will be on either side.

A more accurate method is to record the distance from the station to the jeft and right hand walis

general direction, north, east, southwest, etc. At the
starting point make a pencil dot then orient the
protractor over it making sure that north (0 degrees} is
toward the top of the paper. Use the grid lines to
precisely orient the protractor to north. As soon as
the protractor has been tined up make a small pencil
mark along the outerto correspond with the compass
azimuth taken for that station. Remove the protractor
thenline up the engineers scale between the starting
dot and the mark made along the edge of the
protractor. Mark off the corrected distance between
the starting point and the first station, Make a dot at
the station and a light line between the points; be
sure to place stationnumbers at the appropriate
points. This process if repeated for each station of
the traverse.

After ail the traverse lines have been drawn the
passage outlines can be drawn in. If the traverse line
follows the center of the passage the widths are split
equally and a mark placed on either side of the survey
station. If distances right and feft of the station have
been recorded they must be scaled off and marked
accordingly. Once this step has been compieted,
refer back to the sketch of the passage outline. Using
the sketch and traverseiine as a guide, carefully
sketch in the walls between stations. Once the
passage outline has been completed the remaining
detail can be added, such as drops, ledges,
breakdown, streams, pools, notations, ceiling
heights, etc.

There are two types of passage profites which can be
drawn. First the cave can be drawn showing the
profile along the traverse iine; using this methad the
true distances and slopes are used and the cave
plotted outonasingle vertical plane. Forsimple
caves the method works welt but is not good for
complex caves which have passages on several
different levels. For more complex caves itis betterto
draw aprofile which projects the precise station
lacations much as a sige view does in a machanical
drawing. Station elevations must be determined by
adding or subtracting therise or fall betwaen stations

as determined trom the corrected survey data.

In profiles some cave surveyors exaggerate the
vertical scale to show greater slope while keeping the
horizontal the same as found on the plan view. This
exaggerationcan be used to accentuate slopein
gently sloping caves. Care, however, must be taken
to not misresresent the cave by showing a feature
which does not exist, For the most part it is best not
to exaggerate the vertical scale.

The cave map should contain some standard data to
identity it such as the name of the cave and the state
and county it is located in. The name of the
surveyors, date of the survey, and the type of survey
should be located below the cave name. The map
scale shouid be of the bar type, sc if the map is
reduced the scale wili be reduced proportionately.

The final cave map is a tracing made from the pencil
copy and drawn using India ink. At the time the
tracing is made the final map can be drawn to

TRUE NORTH

APPROXIMATE MEAN
DECLINATION, 1870

e ———

L The dechmation for an area can
1S S quamrangle maps. In this
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CAVE MAP SYMBOLS. Shown here are d fow of the

mare commonly used cave map symbols For a more
complete listing see CiS No. 16, "Proposed Standard

Map Symools " by James Hedges.

Drop, Hatchers pointdown slope

Dome or Chimney

Unsurveyed Passage

Large Stream

Small Stream

intermittent Stream

Large Passage Overlying Small
Passage

Flowstoneg

Unexplored Side Passage

Survey Lines and Station Mumbers

Sloping Passage, Lines are Spiayed
Daown Slope

Large Breakdown

Pool

Pit or Sinkhole

Prominent Stalactites

Prominent Statagmite

Ladder

Dip and Strike of Bedrock. Long Axis
is Along Strike, Short Axis Points
Down Dip. Angleof Dipis Shown.

Vertical Bads, Long Axis is Along
Strike of Beds.

Horizontal Beds

Ceiling Height

Depth of Pitor Drop

Distance Below Entrance 300

General Slope of Cave (Used for Lava { Slope
Caves)
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compensate for loca!l magnetic declinatian. Depend-
ing upon where the cave is igcated there wili be a
discrepancy between magnetic and true narth. This
magnetic declination is shown on all U.5.G.S.
quadrangle maps (figure 7). True north wili be either
to the easi or westof magnetic north exceptfora
narrow zone in the east central United States where
both magnetic and true north correspond. Magnetic
declination can be handled in three ways. First,
many compasses have a setting by which tnhe
compass card can be rotated so all readings are
automatically to true north {(Brunton and Silva
Ranger). Secondly, all readings can be taken to
magnetic north and a note placed on the map
indicating that no correction has been made. This
leaves the correction up to the map user. The
third way is tc draw the map to magnetic north,
then rotate the tracing to compensate for the
declination. The important thing to remember is to
label which north is being shown, true or magnetic.

There are several excellent texts for the advanced
surveyor listed in the references at the end ot this
paper. The drafting of maps for publicationisan artin
itself and is dealt with in another CIS article;
“Drafting of Cave Maps”. “Drafting of Cave Maps”
should be used in conjunction with this paper. As
you become more skilled you will find many ways to
speed up your surveys and make them more accurate.
There is no “right” way to survey a cave but rather
many different approaches and a wide variely of
equipment totry.
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