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The Survey and Cartography Section (SACS) is an interna organization of the NSS that is devoted to improving the state of cave
documentation and survey, cave dataarchiving and management, and of all forms of cave cartography.

Member ship: Membership in the Section is open to anyone who is interested in surveying and documenting caves, management and
archiving of cave dataand in al forms of cave cartography. Membership in the National Speleologica Society isnot required.

Dues: Does are $4.00 per year and includes four issue of Compass & Tape. Four issues of the section publication are scheduled to be
published annually. However, if there are fewer, then all membershipswill be extended to ensure that four issues are received. Dues can
be paid in advance for up to 3 years ($12.00). Checks should be made payable to “ SACS’ and sent to the Treasuer.

Compass & Tape: Thisisthe Section’s quarterly publication and ismailed to all members. It is scheduled to be published on aquarterly
basis, but if insufficient material is available for an issue, the quarterly schedule may not be met. Compass & Tape includes articles
covering awide range of topics, including equipment reviews, techniques, computer processing, mapping standards, artistic techniques,
all formsof cave cartography and publications of interest and appropriate material reprinted from national and international publications.
It is the primaly medium for conveying information and ideas within the U.S. cave mapping community. All members are strongly
encouraged to contribute material and to comment on published material.. Itemsfor publication should be submitted to the Editor.

NSS Convention Session: SACS sponsors a Survey and Cartography session at each NSS Convention. Papers are presented on a

variety of topics of interest to the cave mapper and cartographer. Everyone is welcome and encouraged to present a paper at the
convention. Contact the Vice Chair for additional information about presenting a paper.

Annual Section Meeting: The Section holds its only formal meeting each year at the NSS Convention. Section business, including
election of officers, isdone at the meeting.

Back Issues: SACS started in 1983 and copies of back issues of Compass & Tape are available. The cost is $1.00 each for 1-2 back
issues, $0.75 each for 3-6 back issues and $.50 each for morethan six back issuesat atime. Back issues can be ordered from the Treasurer.

Over seasM embers: SACSwelcomes membersfrom foreign countries. Theratefor all foreign membersis US$4.00 per year and SACS

pays the cost of surface mailing of Compass & Tape. If you need air mail delivery, please inquire about rates. All checks MUST be
payable in US$ and drawn on aU.S. bank.

Chair: Carol Vesely Secretary: Robin Barber
817 Wildrose Avenue 4312 Winding Way
Monrovia, CA 91016-3022 Fort Worth, TX 76126
(818) 357-6927 cavewoman@ev1.net
Vice Chair: Nigel Dyson Hudson Treasurer: Bob Hoke
10 Slators Lane 6304 Kaybro Street
Newfield, NY 14867 Laurel, MD 20707
(607) 564-7927 (301) 725-5877
ndh@cavesar.com bobhoke@smart.net

Editor: PatriciaKambesis
Hoffman Environmental Research Institue
Western Kentucky University
Bowling Green, KY 42721
ph: 270-745-5201
pnkambesi s@juno.com
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stated in this publication are not neccesasily those of the NSS,
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SUBMISSIONS

All types of materials related to cave survey and survey data,
cartography, and cave documentation in general, are welcome for
publication in Compass & Tape. Manuscripts are accepted in
ANY form but are most welcome on 3.5 inch diskettes, CD’s
either IBM compatible or Mac format or viaemail. Typed mate-
rial is next best although we will accept handwritten material as
long asit is legible. Artwork is any form. shape or size is also
welcome. Send all submission for Compass & Tapeto:

PatriciaKambesis
Hoffman Environmental Research Institute
Dept. of Geography/Geology -
Western Kentucky University
Bowling Green, KY 42121
270-745-5201
Email: pnkambesi s@juno.com
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2004 Surveying and Cartography Section Meeting
by George Dasher

Meeting Attendees: Darrell Adkins, StanAllison, PaulineApling, LucleBlanc, Paul Burger, ChrisChenier,
Jm Coke, Thomas Cothell, George Dasher, Thom Engel, Allison Lynn Henry, Dan Henry, Bob Hoke, Nigel
Dyson Hudson, Howard Kalnitz, Pat Kambesis, Jim Kennedy, Judy Ormeroid, Steve Reames, Bob Thrun,

Carol Vesdly

The 2004 meeting of the Survey and Cartography
Section (SACS) met on Monday, July 12", 2004 in
the Ontario Room of theUniversity of Northern Michi-
ganinMarquette, Michigan. Chairman Carol Vesdly
called themeeting to order at 1:06 pm.

Caral first mentioned that SACScurrently had
no Vice President, and the Bob Hoke had beenfilling
inand running the session, which had been that morn-
ing. Shethanked Bob, and she said that there had
been agood turn out for the session.

Bob Hoke then gave a Treasurer’s Report.
He said that the Section currently has about $4900;
however, because we owe membersfor pre-paidis-
sues, wereally have only about $3600in available
cash. Healso said that we make alittle money on
eachissueof Compassand Tape, and that 18 people
dropped out in 2003. The Section currently hasabout
210 members.

Pat Kambesisnext gavethe Editor’ sReport.
She said that another issue of the Compass & Tapeis
amogt finished, and sheurged peopletowritearticles.

George Dasher then gaveareport onthe Car-
tography Salon. Hesaid that there had about 25 en-
triesthisyear and that he had hung themapsthat morn-
ing. Healso said that he had, during the spring, put
together a 70-page book on the history of the Salon.

He had brought several copiesto Convention. Pat
Kambesistook one of these and she asked that the
databe sent to her indigital form.

Carol saidtherewasadigital mapping class
that afternoon. Shea so announced that therewould
bealaser-point talk from 2to 5 v on Wednesday.

Carol then wanted to addressthe Vice Presi-
dent problem. She said that she had asked Bob
Richardsto accept this position, but Bob was not at
themeeting and had not agreed to takethejob. There
wassomediscussion onthisissue, whilean effort was
madetofind Bob. Bob, oncehewasfound, wasvery
hesitant about becoming the Vice President; however,
Nigel Dyson Hudson volunteered tofill the position.
There was a so some discussion on whether to re-
place Robin Barber as the secretary, as Robin was
not at the meeting, but Carol said shewanted to talk
to Robin beforedoing this.

Therewasthenashort discussonregardinga
special issue of the Compass & Tapethat will be ed-
ited by Jim Kennedy and that George’s Salon publi-
cation should be put on the SACS website as a pdf
file. Electionsfollowed, andthedateof officerswas
elected unanimoudy. Carol madeapleathat every-
one should renew their dues, and she adjourned the
meeting at 1:24 pw.
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2004 Cartographic Salon

by George Dasher

The 2004 Cartographic Salon had 25 entries
including 14 in the novice category, 7 in the experi-
enced category and 4 inthe expert. Inaddition, 13
mapswereshown as*“ display only”. Themapswere
of cavesin Guatemaa, China, Mexico, Maaysia,
Indiaand the United States.

Thisyear’sjudgeswere:

Novice Category:
Jm Coke, Carol Vesely, Pat Kambesis

Experienced/Expert:
Hazel Barton, Steve Reames, George Dasher

Tie-Breaking Judge: Jim Kennedy
Cartographic Salonjudges: (front to back) Jim Coke,
Carol Vesdly, Hazel Barton, Steve Reames, George Dasher.

. Photo: P. Kambesis
Theresultsof thisyear’sSaonare:

Novice Category

Green-Honorable Mentions: Blue-Merit Awards:

Timpanogos Cave System Ixobel River Cave “One Day Cave”
TimpanogosNational Monument, Utah County, Utah ~ Poptun, Peten, Guatemala

Brandon Kowallis, cartographer Howard Kalnitz, cartographer

K ooken Cave Clay Cave(color version)

First Entranceto Second Entrance, NapaCounty, California

Huntingdon County, Pennsylvania Matthew L eissring, cartographer

Bryan Crowdll, cartographer

Kooken Cave

Second Entranceto Termina Dome,
Huntington County, Pennsylvania
Bryan Crowdll, cartographer



Compass & Tape, Volume 16 No. 4 Issue 56

Timpanogos Cave System [Plan View]
Caee Natfonal M
Natiord Park Serifee
h-mm#mil‘l"lﬂ'l.mmwll

Experienced Category:
Green-Honorable Mentions:

TuberanceCave
North Hilo Didtrict, Hawai'i
Bern Szuka ki, cartographer

Krem Maw Tynhiang (Rock Slab Cave)
Meghalaya, Inda
SanAllison, cartographer

Krem Dita
Meghdaya, India
SanAllison, cartographer

NirvanaQuad, L echuguillaCave
Carlsbad CavernsNational Park
Eddy County, New Mexico

Rod Horrocks, cartographer

Blue-Merit Award:
Jerusalem Cave

Wayne County, Kentucky
LeeFlorea, cartographer

Honorable Mention Novice
Catogeory: Profile section of
Timpanagos Cave System by
Brandon Kowallis.
Photo: P. Kambesis

Expert Category:
Green-Honorable Mentions:
Mossy Abyss
Dall Idand,Alaska
CarleneAllred, cartographer
CuevadeVillaLuz
Tabasco, Mexico
Bob Richards, cartographer
Blue-Merit Award:
Main Upper Level of Marengo Cave

Crawford County, Indiana
Bob Richards, cartographer

No Medal award was presented thisyear.

THANKSto everyonewho helped with thisyear’s

Sdon!!
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Abstractsfrom the Survey and Cartography Session
2004 NSS Convention, Mar quette, Michigan

Session Chair: Bob Hoke

Tipsfor Efficient Cave Surveying
Bob Hoke, 6304 Kaybro Sreet, Laurel MD 20707 bob@hoke.net

This presentation describes somewaysthat asurvey team canimprovetheir productivity and effi-
ciency by “working smart, not hard.” Among thetechniquesdescribed are all ocating tasks so that no team
member isoverloaded or under-utilized, defining therespong bilities of each team member, placing stationsto
facilitate easy shots, taking readingsin acons stent order, taking advantage of geometry to make shotseasier
toread, avoiding reading and recording errors, testing instruments before each trip, agreeing in advance on
how dimens on dataisto berecorded, carrying instrumentsto faclitate quick use, usngasmdl flashlight tol ight
stationsfor backshotsand knowing when to quit and head out of the cave

AnAnalysisof Random and Systematic SurveyingErrors
Dale Andreatta, SEA Limited, 7349 Worthington-Galena Road, Columbus, OH 43085
dandreatta@sealimited.com

Ananaysiswasperformed on varioustypesof surveying errors, with theerrorsfallinginto two cat-
egories. randomand systematic. Random errorsareerrorsthat arelikely to be off in onedirection morethan
theother, and may belargeor smal inmagnitude. Random errorscomefrominstrument readability (usualy on
theorder of 1-2 degrees) and “blunders,” which canbesmall or large. Systematic errorsareerrorsthat are
consigtently off inonedirection. Systematic errorsgeneraly comefrominstrument offset. Thisanalysiscon-
centrated on compass and inclinometer readingsinlonger passages.

Analysiswas performed using statistica methodsand by numerical experimentation where 50 shots
of actua survey datawastaken and errorswereassigned to thedata. The differences between the datawith
errorsand the datawithout error were cal cul ated.

Theconclusonswereasfollows: Random errorscaused by instrument readability cons stently cancel
outinlonger passages. Therefore, meticulous matching of the foresight and backsite readings beyond that
which servesto catch large blundersisnot helpful. Instrument offsets of even ahaf degreegive much larger
final errors, evenif theinstrument offset is smaller than the readability of theinstrument. Thisisbecause
systematic errorsaccumul ate rather than cancel. Fairly frequent blundersof 10 degreesmakelessdifference
inthefinal answer than instrument offset. Asidefrom preventing major survey blunders, the best way to
improve survey data is to carefully take into account the differences between survey instruments.

Suvey and Cartography of Marengo Cave, Indiana
Bob Richards, 1206 Spinnaker Way, Sugar Land TX 77478 brichards@earthlink.net

Marengo Caveisabeautiful show cavein southern Indianathat wasoriginally mapped by thestatein
1932. A new survey wasdonein September 2003. Using modern cartographic techniques, amore accurate
and detailed mapwasgenerated. Surveying cavesusing laser technology and mapping caving using computer
softwarewill bediscussed.
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Enhancing Workflow in Digital Cartography
Brandon Kowallis, Timpanogos Cave, RR1 Box 200, American Fork, UT 84003
brandon@brandonkowal lis.com

Whilethe advent of computer mapping hasgreatly improved the potentia of the cavemap, digita
maps often sacrificethat timelesshuman fluidity of ahand-drawn map for machine-likerepetitionsthat make
ussay, “thatsdefinitely digital.” Thispresentationwill focusonvariousfeaturesin Adobelllustrator that
allow youto speed up the cartographic processwhile creating mapsthat allow adigital cartographer to
keep that timel ess hand-drawn appearance. Wewill uselayersto make globa changesto specificfeatures,
generate brushesto cut timefrom drawing the minute detail s, and copy and manipulateformsto create
repesating shapesthat don’ t resemble computerized duplicates.

“Field” Cartography for the Xiangxi Expedition to Hunan Province
Pat Kambesis, Hoffman Environmental Research Institute, Dept. of Geography & Geology, Western
Kentucky University, Bowling Green, KY 42101. pnkambesis@juno.com

In March of 2004, ateam of cavers sponsored by Hoffman Institute and The Guilin Ingtitute of
Karst and Geology assisted with field assessment for ahydrol ogic project that was being conducted by the
Xiangxi Engineering/hydrology Group. The purpose of the expedition wasto eva uatethe Dalong Cave
System and surrounding karst areafor thefeas bility of constructing an underground dam and asurface
reservoir. Using variousdatareduction, plotting, 3D analysis, cartography, and Gl Ssoftware, field maps
were generated in order to help the Chinese hydrology project group visudizethe caves, karst featuresand
topography of thearea. Thistalk will review the methods used to produce useful mapsinthefieldfrom
basic cave survey data, GPS data, and digital elevation models.

Auriga, or Trading Your Survey Notebook for a PDA
Luc Le Blanc 5980, rue Saint-Anre, Montreal, Quebec, Canada H2S 2K4, |leblanc@cam.org

TheAurigacavesurvey softwarefor Palm OSwasoriginaly written to assist inthe devel opment of
an el ectronic sensor box designed to automatically acquire azimuth and 9 ope measurements, but hasnow
evolvedintoasmall survey notebook replacement for in=cave useand alighter weight | aptop replacement
whileat camp. Surveyorscan seethe cave map on the screen whiledoing their survey, and datadoes not
need to betranscribed later, thus preventing many blundersthroughout the process. Despitethesmaller
screen and dower CPU of PaAlm devices (vsPCs), Aurigaoffersgraphical and spreadsheet rendition of
cave passages, survey stations, and survey shots between them. Thanksto sessions, aconcept aready
present in most cave survey software, surveyorscan freetheir mind of instrument caibration, varing mag-
netic declination, and mised measurement units. ThisalowsAurigatofaithfully storesurvey dataexactly as
input, gpplying correctionsand conversionswhen computing coordinates. Severa efficient design aspects
providethe cave surveyor with ahighly configurable and ergonomi interface, even when operating through a
windowed protection box. Onceback on the surface, survey datacan be sent to other Palm devices
through an IR bean or uploaded onto acomputer and converted into common cave survey fileformatsviaa
software* conduit”. TheAurigafreewareisunder intensive and constant evolution; support for networks of
severacavesand loop closureare currently intheworks, while on-screen freehand sketching of cavewalls
and detailsremaintheultimategoal.
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The Effects of Lava on CompassReadings. Part |

By Dale J. Green
4230 Sovereign Way
Salt Lake City, UT 84124-3138
dajgreen@burgoyne.com

Abstract

Cavers mapping lava tubes well know that compass readings are not always what they should
be. Thisismany timesincorrectly attributed to the attraction of the magnetized compass needle to the
magnetic material (magnetite) contained in lava. However, the main causes of unwanted needle de-
flections are dueto distortions of the magnetic field because: (1) A property of magnetic material called
suscepti bility which causes magnetic lines-of-force to be diverted away fromavoid: (2) Magnetization
of magnetite fromlightning strikes: (3) Minor magnetization when lava cool s bel ow the Curie tempera-
ture. Measurements of compass needl e defl ectionsinternally and externally of lava tubes show that all
readings may bein error of a few degrees because of susceptibility effects and in some cases they may
beover 10 degrees. Errorsfrommagnetization by lightning strikes may cause needl e deflections of 10s
of degrees. Fore- and back-sights cannot correct for erroneous readings caused by distortion of the

earth’'s magnetic field.

I ntroduction

When standing alavasurfaceor insdealava
tube, it isimposs bleto determinetrue azimuthswhen
using amagnetic compass. Theseerrorsaredueto
the presence of themineral magnetite. Magnetitehas
propertieswhich causevariations, or anomalies, inan
otherwiseuniformmagneticfidd. Asstated by Breiner,
1973: “ The[magnetic] anomaliesfrom naturally oc-
curringrocksand minerdsareduechiefly tothepres-
enceof themost common magnetic mineral, magne-
tite (FeFe,0,), or its related minerals, ulvospinel,
titanomagnetite, maghemite, etc. whichwill collectively
bereferred to asmagnetite, adark, heavy, hard and
resstant minerd. Therust-colored very commonforms
of iron oxideare not usually magnetic and are seldom
related to the source of magnetic materials.” “Mag-
neticanomaiesintheearth’ smagneticfield are caused
by two different kinds of magnetism: induced and re-
manent (permanent) magnetization. Induced magne-
tization refersto the action of thefield on thematerial
whereintheambient fieldisenhanced and thematerid

itself actsasamagnet. The magnetization of such
material isdirectly proportional to theintensity of the
ambient field and the ability of themateria to enhance
thelocal field - aproperty called magnetic susceptibil -
ity.” (p.8.)

Induced Anomalies Caused by M agnetic
Susceptibility

M agnetic susceptibility may bethought of as
theequivaent of eectrical conductivity. Inaneectri-
ca conductor, thehigher theconductivity, theeasier it
isfor current flow to be enhanced. Inamagnetic ma-
terial, the higher the susceptibility, theeasier itisfor
magnetic lines-of-force to be enhanced, or concen-
trated. Therefore, because the void of alavatube
containsno magnetiteand thesurrounding areaof solid
lavadoes, flow of themagnetic lines-of-forceareen-
hanced at the sides of the tube and decreased within
thetube. A compassneedlemust dignitsalf withthe
direction of themagnetic lines-of-force. Thus, when
thedirection of thelines-of-forceisaltered, thedirec-
tion that the compass needle pointstoisaltered. In

9
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summary, the presenceof avoidin
lavawill cause deviation of amag-
netic compassfrom true magnetic
north. Aswill be shown, these de-
viations can be substantial. The
higher the percentage of magnetite
that lavacontains, thehigher thesus-
ceptibility will be. Basat lavacon-

ay

taining only 1% magnetite has a
magnetic susoeptibility of 1,000times
that of air.

In the cases of deviation of the compassdue
tothe presenceof avoid, thesizeof thelavatubeis
themost important factor. Small tubesdo not redirect
thelines-of-forceasmuch aslargetubesdo. For tubes
lessthat about 15 feet wideand 10 feet high, compass
errorsarerelatively small, but not zero. Theoveral
thickness of the lavabed relativeto the diameter of
thelavatubeisa so afactor in determining theamount
of compassdeviation. Remember, thelarger thelava
tube, the larger the induced compass error. Fig. 1
illustratestheprinciple.

Voidsarenot theonly cause of anomaliesdue
tomagneticinduction. Inall lavafieldsthe percentage
of magnetite, and hencevaueof susceptibility, canvary
widely internally and externdly to alavatube, creating
much the same effects on acompass needleasvoids
do.

Figure 1. A large void deflects the magnetic lines of force more than a
small void.

Anomalies Caused by Remanent M agnetism

There are two basic configurations of mag-
nets. Dipoleand MonopoleasseeninFig. 2. Of course
a monopole cannot actually exist in nature, but a
magnet’s opposite pole can be so far away that its
field doesnot appreciably affect the polein question.

Themagnetic field strength around adipole
decreases with the cube of the distance. Twicethe
distanceaway has1/8th field strength; 3timesthedis-
tancehas 1/27th thefield strength. Themagneticfield
strength around amonopol e decreaseswith thesquare
of thedistance. Twicethedistance away has 1/4th
thefield strength; 3 timesthe distance has 1/9th the
fieldstrength.

Both types of magnet configurationsareen-
counteredinlavafieldsathoughthey arehardtotell

DIFOLE

MDNOFOLE

Ancmabous
todal fiaeld
Bimgs of Mux

ANNANNANNNN

Figure 2. Dipole and Monopole Magnets. (From Breiner, 1973)

10
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Jawdropper Cave, Idaho, Conical Magnetic Anomaly.

1

—

3
r

Magnetic North Is UP

. . pep iy
100 120 140
Scales in fast. Survey lines trend 270 degrees.
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Figure 3. “Monopole’ magnetic anomaly.

gpart by usngonly acompass. Most lightning strikes
create dipole magnetswherethe effect on the com-
passmay beintensenear apole, but diesout rapidly
asonemovesaway.

Inmoltenlava, smal regionscaled domains
within each magnetitecrysta orient themsavesmore
or lessinthedirection of theambient magneticfield,
andthuspardld to each other. Upon cooling below
the Curietemperature (576° C) they retainthisori-
entation and thus create anet remanent magnetiza-
tion. (Paraphrased from Breiner, op. cit.) Rema-
nent magnetismismagnetism that remai nsafter the
inducing magneticfieldisremoved.

Asfar as| have been ableto measure, this
permanent or remanent magneti zation of thelavahas
anegligible effect on the compassneedlieaslong as
everything remainsinplace. Anexceptionisaround
alargeblock of breakdownthatisnotinitsorigina

orientation with respect to when the material cooled
bel ow the Curietemperature

M ethod of Presentation

Inthefollowing discussions, | will usecontour
mapsto illustrate the magnitude of compass deflec-
tionsand the corresponding total magneticfield re-
sponsiblefor the deflections. Inall cases, hachure
lines appear on all contoursto indicate direction of
decreasing values. The dotson both typesof maps
represent datastations. The maximum or minimum
valueof al anomaliesisawaysplotted directly ona
datastation. However, thisrarely representsthe ac-
tual max/min. Itisthelocationwherethegrid or tape
indicated that ameasurement should be made.

Atthedtart of thisinvestigationit wasnot ob-

viousto mewhichway aspecific magnetic anomaly
would deflect the compassneedle. Anisolated, deep

11
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Jawdropper Cave, Idaho. Compass Survey over Conical Anomaly.
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Figure 4. Compass azimuths around a magnetic low.

magnetic low over Jawdropper Cavein ldaho was
selected for atria survey becauseit dmost represents
amagneticmonopole. Thismagneticanomaly isprob-
ably amanifestation of alarge, but inaccessible, col-
lapse cavity directly below. Figure 3 showsthat the
magnetic anomaly isapproximately 4,000 nano-tedas
(nt) centered about155E and 110N. Figure4 shows
compass directions around the anomaly. What we
seeonthismapisthat totheleft (west) of theanomaly
the compass needle swingsclockwise, increasingthe
reading value. Theoppositeistrueontheanomaly’s
right. Therefore, amagneticlow actsinasmilar fash-
ion to the north magnetic pole, attracting the north-
seeking end of thecompassneedle. Thisknowledge
aids somewhat with interpretation of needle-deflec-
tion contour maps, but in casesof complex magnetic
anomaliesitisnearly impossibleto decipher which
anomaly isattracting or repelling which end of thecom-
passneedle.

12

Anomaliesfrom Lightning Strikes

Intensecurrentsfromlightning strikesmagne-
tizethemagnetitein lavahundreds of timesstronger
than theremanent magnetization | eft by theearth’sfield
whenthelavacools. Theeffectisaccumulative. Mag-
netic patternsfrom lightning strikes may fade some-
what over time, but they never disappear completely.
Thus, wemay expect far more problemsfrom light-
ninginoldlavaflowsthaninrecent flows. Surveyors
working on recent lavaflowsin Hawaii may not have
the problemswith lightning strike anomaliesthat sur-
veyorshaveonmost fieldson mainland US. Because
themagneticfield strengthfromalightning strikediss -
patesrapidly, asurvey team may chose stationsthat
completely bypasstheanomaly, and theteamisun-
awareof itspresence. Ontheother hand, if they make
anunlucky choice, theresult may bealarge compass
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THLT Lightning Strike Magnetometer Readings

40

—

36

—

32

—

28

North is UP. Lines trend 360 degrees.

Add 46,000 nt to get true magnetic field strength.

Scales in feet. Contour Interval = 1,000 nt.

T T T
20 24 28

Figure5. Magnetic field around alightning strikein lava.

error. | havemeasured compassdeviationsinsdea
lavatube of over 40 degreesduetoalightning strike.

Toganan appreciation of themagnitudethat
alightning strike affectsacompass reading, a.sur-
face survey was conducted over atypical strikejust
north of the Tabernacle Hill LavaTube (THLT) in
central Utah. Such surveysaredifficult to perform
inside alava tube because much of the magnetic

anomaly lies within solid walls and cannot be
sampled.

Inthissurvey, a2-foot by 2-foot grid was
laid over theground. Proton-precession magne-
tometer readingsweretaken with thesensor ona
6-foot staff. In areasnear the anomaly’s center,
some magnetometer readings could not be taken
because the changein magnetic strength, or gradi-
ent, across the sensor head was too high, which

13
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THLT Lightning Strike Azumith Readings

North is UP. Lines trend 360 degrees.

10 deg. on this map = 350 deg. on compass.

Scales in feet. Contour interval =1 degree.
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Figure 6. Compass readings around alightning strike.

didn’t allow the el ectronicsto lock on one coherent
value. Compass readings were taken at eye level,
about 5 feet of f thesurface.

Themagnetic anomaly at 6 feet of f the surface pro-
duced by thisparticular lightning strikewas 8,000 nano-
tedas(nt), about 15% of earth’stotal field (Figure5).
Notethat theanomaly isvery definitely bipolar. Com-
pass readings varied from 349.5°to 9°, or 20.5° to-
tal over adistance of only 8 feet. At one point, the
changeis11°inonly 2feet horizontaly (Figure6). As
high asthese compass deviationsare, they increase
markedly if the compassislowered closer to the sur-
face. (Remember that for a dipole, the magnetic
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strength increases 8- fold if thedistancetothe poleis
halved.)

A practical illustration of the effect of alight-
ning strike on an actual survey is presented below.
Cairn Caveistoo smal to present significant compass
errorsdue to magneticinduction. However, during
the survey astation waschosen that wasadjacenttoa
large magnetic anomaly, which could only beduetoa
lightning strike. A survey over thesurfacedid not re-
ved thestrikesite, but lightning cantravel largedis-
tancesboth over andinsidetheearth.
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Cairn Cave Internal Magnetometer Survey
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Figure 7. Magnetic field strength inside Cairn Cave.

A 3-foot by 3-footgridwasladoverthenearly  p compassreading. Figure 7 showstheanomaly's

flat cavefloor. Crosstiesassuredthat al lineswere | 4 \eat about 4.000nt. but the actua valuewasmuch
parallel. Themagnetometer showed alargeanomaly  pigher. 1t could not be determined because of thehigh
at approximately 24E and 15N, near the site of the
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gradient. Thisanomaly diesout rap-
idly, andtherest of thecavehasarea-

Internal Compass Survey

tivdy uniformfied. 43 | | 1 1 1 1
Y. & = & &
Compassreadingsweretaken
by sighting onalight at oneend of each 304
linewith the compassheld over ataut
tape. Becauseof physical congtraints, 36

itwasnot possibleto takereadings at
stations on the west end of the line.
Thedata, plotted in Figure 8, shows
that compassreadingsvaried from 5°
to 30° over the grid. Near the
anomaly, even higher deviationswere
read when the compass was moved
toward the roof, but these were not
used for the plot because they were
unreaistic positionsfor the compass
reader.

This map illustrates why fore- and
back-sights cannot correct for com-
pass errors due to distortions of the
magnetic field. Without anindepen-
dent measurement that does’t depend
on amagnetic compass, it isimpos-
sible anywherein the cave to know
whichway thedigtortioniscausngthe
compassto deviatefromthetrue head-
ing. At either end of thetapefieddis-
tortionsmay causethe compassto de-
viateleft or right. Insomecasesthis
may reduce errors, but in other cases
itmay increaseerrors. All wecan defi-
nitey say isthat itisimpossibletoknow
which casefitsthesituation. A mag-
neticaly-independent method to deter-
minethetrueazimuthswould beto sur-

North is UP. Lines trend 360 degrees.
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most caves Contour Interval =1 degree

Compass scale is arbitrary.

Figure 8. Compass azimuthsinside Cairn Cave
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Surveysat TabernacleHill Lava

Tube
60

Compass readings along transverse lines.

L Il L I L 'l L

The Tumbleweed Section of 1
THLT demonstrates acombined ef- i
fect of alightning strikeand of bresk-
downthat haschangeditsphyscd ori-
entationsinceit wasoriginaly depos-
ited. Becauseof anunevenfloor, large
breakdown, and steep slopes, it was
not possibletolay out agrid. Instead,
lineswereplaced roughly perpendicu-
lar to the passage at 10foot intervals.
The plotted bearing of theselinesis
based on areading taken at the ap-
proximate center of the passage. No
effort wasmadeto determinetherea

20 —

Degrees (Arbitrary zero datum)

Saar5. i
““Line 100E
5 - N . . L

Line 90E

tive bearing between thelines. The 0
caveisabout 30-40 feet wideand 20 0
feet high. Thefirst haf of thissurvey
isfloored by breakdown and the sec-

Distance north along tape in feet

ond half isnearly devoid of rocksuntil
thelast linewhich approachesanother
breakdown pile.

Of noteisalargeanomaly at the south end of
line10E. Actudly, theanomaly istotheeast, between
thetwo lines, but the gradient wastoo highto obtaina
reading. A surface survey showsadistinct lightning
strikeinthevicinity. Most of the south wall hasel-
evated field reedingsthat are severa thousand nt above
surfacevalues. Thismay bebecause magneticlines-
of-forceare hitting the earth at a65° anglefrom the
south and they are crowding al ong the southern edge
of thevoid. Whatever the cause, theeffectisnotedin
other lavatubesthat trend E-W. Therest of themag-
netometer map israther flat.

Figure 10, showing the compass readings
alongeach line, revedlstheinformationweareredly
interested in. For clarity of presentation onthischart
and others, thelowest numeric reading of each line
wasassigned avalueof 5 degreeshigher thantheline
below it. Thennumbersalong any linearearbitrary
withregard to any other line, but arerelativeto other
readingson thesameline. Lines60E through 100E
areon aflat floor, devoid for the most part, of break-

Figure 10. Interior azimuth readingsaong linesof Fig 9.

down. The north end of 100E approaches break-
down just off themap and shows asudden deviation
of 5.5°. The south end of line 60E isover breakdown
and showsan anomaly of 2° but thedeviation onthe
northendisunexplained. Except for what isexplained
above, the compassbearingsaongthelinesarevery
regular and may be dueto normal reading variations
asmuch asdeviations caused by lavamagnetics.

LinesOE through 50E are over breakdown.
Except for Line OE they all show considerablevaria-
tionin azimuths at each station. The south ends of
lines 10E and 20E show obviousdeviations caused
by themagnetic anomaly. By holding thecompassoff
line, thesedeviationsweremuch larger, but sncethere
wasno light to sight on, noreadingsweretaken. Con-
Sider thetwo readingsof 7 degreesdifferenceonLine
50E at distances 10" and 25' along thetape. If amap-
ping station was chosen at the 10 foot mark, all bear-
ingsfrom that station would be 7 degrees different
from astation chosen at the 25 foot tape mark. With-
out moreinformeation, such deviationsarealmostim-
possible to account for, and there is no way to tell
which readingismore correct.
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THLT - Camp Section. Interior Magnetometer Survey
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Figure 11. Interior magnetometer survey, THLT Camp Section.

The Camp Sectionof THLT hasalarger pas-
sage averaging over 40 feet wide and 15 to 20 feet
high. Most of thefloor iscovered with breakdown,
with few clear areas. AsseeninFigure 11, thissec-
tionasoexhibitsalightning strike, shown onthe south
end of line60E. The map indicatesan anomaly mag-
nitude of 10,000 nt but it was not possibleto get read-
ingscloseby becauseof high gradients. Itisreason-
ableto assumethat theactual anomaly iseven grester.
Thisanomaly isover 20% of theearth’stotal field.

Examining theazimuth map (Figure 12) shows
afeature not seen on the previousmaps. Lines50E
through 80E exhibit avery pronounced decreasein
readingsfrom south to north. Atfirgt, thiswasattrib-

18

uted to thelightning strike anomaly, but thedirection
of deflectionistheopposite of what isexpected based
on the experiment at Jawdropper Cave. Thedevia-
tionsarereal and werereread to verify the values.
No explanationisoffered. Line60E showsthe obvi-
ouseffect of thelightning strike. Line80E isparticu-
larly ‘scary’. Almost anywhereaong thislinewould
have made a good survey station, but the readings
could vary by 10 degrees, depending on which point
was chosen. Again, thereisno practical way to de-
terminewhich reading would be correct. Theother
lineslook typical of traversesover breskdown. Most
of thisbreakdown wasrel atively smdl, and the effects
fromremanent magnetismareprobably random. Three
linesshow sudden changesat oneend. Thesemay be
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Tabamacle Hill Lava Tuba - Camp Section,
Compass readings IIII!I'IE transwerse lines.
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Figure 12. Internal azimuth readingsalong lines of Figure 11.

dueto proximity to thewall and dueto the effects of
magnetic induction, to bediscussed later.

It should be said herethat the evidenceisen-
tirely circumstantial that traversing over breakdown
causesvariationsinthereadings. | havenot conducted

controlled experimentsto provethis. However, al
surveys made to date have been mostly consistent -
bearingsover flat floorswith little or no breakdown,
and variablebearingsover large breakdown.

End of Part |.

TheEffectsof Lavaon CompassReadings. Part 11 will be publishedinthe nextissue of

Compass & Tape (Mol 17, Nol. Issue 57)
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Scenes from the 2004
Cartographic Salon
Mar quette, Michigan

Carol Vesely and Jim Coke give advice during
the Cartographic Salon critique

MariaPerez, John Delong, Lacie Braley,
LeeFloreaand Judy Ormeroid takingin
the Cartographic Salon critique.

A Rod Horrocksofferinginput on
Tie-breaking judge Jim “Crash” Kennedy Hazel Barton'scritiue.

Brandon Korwallis displays his quad
book of Timpanagos Cave

Merit Award winning map of Ixobel River Caveby Howard Kalnitz




