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FOREWORD 

T he Commi ttee on Storage, Automatic Processing and Retrieva l of Geologica l D a ta. known more 
commo nl y as "COGEODATA", is a committee o f the Internationa l Union of Geologica l 
Sciences. One of the purposes of COGEODATA is to appraise existing sys tem s for storing 
geo logical and allied data. In an effort to meet this need COGEODATA convened a 5-day seminar 
a t UNESCO headquarters, Paris, France, 5-9 November 1973, to di scuss the use of computer
based techniques in geo logica l fie ld work and geo logica l data-base management. With the 
assis tance a nd coopera tion of the Internationa l Geographica l Un ion and U ESCO's Division of 
Earth a nd Environmenta l Sciences , 41 invi ted participants attended, representing nea rl y all 
countries with significa nt achievement in thi s fie ld . Included a lso were observers representing 
o ther organizations having a n interest in the topic, including CODATA ( International Counci l 
of Scientific Unions). the Internatio nal Association for Mathem a tical Geo logy. a nd UN ISIST 
(World Science Informa tion System). This publication summ arizes results of the se minar. 

Each of the I 8 contributions is a short summary of developm ents. concepts and plans reported a t 
the sem inar. For addi tiona l detail s readers a re refered to the bibliographies following each paper 
and they a re encouraged to correspond with the aut hors, whose comp lete mailing add resses are 
provided. Ill us trations have been reproduced as received. in order to help expedite pub lica tion . 
COG EODATA acknowledges with tha nk s the addi tio nal contribut io n received from J.M. Bo tbol 
a nd R.W. Bowen, Uni ted States Geological Survey. who were no t a ble ro present their paper at 
the se minar. 

In keeping with the spir it of th is report, readers may be inte rested to know that a uthors' 
typescripts were entered into a com puter-based tex t-ed iting sys tem fo r process ing at th e Canadia n 
Centre for Geoscience D ata, a nd subsequently se t in type by a comp uter-driven phorocomposition 
sys tem ( Alphatext System s Limited. Ottawa). Thi s is the seco nd p a per pu blished by the 
Geological Survey of Canada to be so processed (the first be ing COG EODAT A 's bibliography for 
1970-72 , GSC Paper 73- 14 ) a nd I trust this ex perience a ugers we ll for the future application o f 
modern inform at ion techno logy to geoscience. 

Canadia n Ce ntre for Geoscience Da ta 
Ottawa, Canada 

C.F. Burk , Jr. 
Sec retary. COGEODATA 





Introduction to geological field data sys tems and generalized geological data 
management systems 

W. W. Hutchison, Chairman of COGEODATA 
Geological Survey of Canada 
601 Booth Street 
Ottawa, Ontario KlA OE8 
CANADA 

During much of i ts ex istence, COGEODATA has devo ted considerable energy to the sta ndardiza
tion of geo logica l da ta a nd the fo rm a liza tion of proced ures for ha ndling geo logica l da ta . The 
series of papers which fo llow is, in a way, a departure fro m this trend but ai ms a t one of the 
o bjectives of COGEODATA, na mely: "an a ppraisa l o f ex isting sys tems for storing geo logica l a nd 
allied da ta". T he reason for fo llowing this theme is as fo llows: regard less of how we ll we 
standardize, we m ust a lso es ta blish how fac ile we will be in ha nd ling the da ta and a t the sa me ti me 
discover empirica lly which appear to be ' na tu ra l ' sta nd ards. Geo logica l fi eld da ta sys tems were 
chosen for the fo llow in g reasons: th e a mo unt of activity in the area du ring the pas t 5 years, th e 
lack o f a ny effective co mmunica tio n a mong those resea rchers, a nd th e fac t tha t fi e ld da ta are 
fund a menta l to a ll geo logica l in fo r ma tion. 

The mee ting in Pa ris was originally pl a nned fo llowing my appoin tment as Chai rm a n of th e F ield 
Da ta Working Group o f COG EODATA in 1972. T he intention was fo r a sma ll mee ting of a 
working group to discuss th e activities in this particular fi e ld. After so me d iscuss io n, it was decided 
to bring together as ma ny work ers as possi ble in this fi e ld , beca use of the diversity of geo logica l 
fi e ld mapping, a nd furth erm ore the diversity o f sys tems th a t have been develo ped to cope with 
co llection o f fi eld in fo rma tion. Moreover, if geo logica l da ta are to have a ny mea ning, then they 
must be rela ted to the field se tting a nd , accordingly, sys tems developed for th e co llec tion o f 
geo logica l fi e ld da ta fund a menta lly a ffect how we use the data derived during this initi a l exercise. 
Also, U NES CO kindl y arra nged for expe rts in spa ti a l da ta sys tems of th e Intern a tio na l 
G eographica l U nio n to pa rticipate in this mee ting; th eir co ntribution a nd advice were mos t 
va lua ble. 

The objec tives o f the mee ting, held a t U nesco headquarters, Par is , 5- 9 N ove mber 1973 were: 

I. To determine the effectiveness o f computer-based sys tems develo ped fo r geo logica l 
field da ta, 

2. To determine which types o f geo logica l terrain are mos t a menable to ma pping, using 
co rn pu ter-based techniques, 



3. To analyze scientific procedures and their adaptation to computer-based sys tems, 

4. To establish the na ture of constraints versus the degree of freedom in current computer 
technology, 

5. To in for m users a nd po tenti al users of the sta te of the art, and 

6. To p rov id e a forum for communica tion among a group of workers. 

It was decided to add the topic of generali zed geo logica l da ta ma nagement systems to this 
program beca use of the majo r hia tus th a t has ex isted between computer scientists and geo logists. 
In an effort to red uce this hia tus, it was decided tha t some experts in data ma nagement systems 
in geo logy should participate so that they cou ld perh aps better a ppreciate some of the needs of 
geo logists. Converse ly, the fi e ld geo logists should perhaps understa nd bet ter the concepts a nd 
techniques of current data management systems. It should be stressed a t thi s point tha t there is no 
implication tha t a genera lized data management sys tem cannot be used in geo logica l fie ld 
mapping. Neverth eless, very few fi e ld sys tems th at have been developed utilize generalized 
systems. 

Aim of this Publication 

The aim of this publication is no t to provide a detailed account of the mee ting. Instead , it is a 
co ll ection of'vignettes' highlig hting so me aspects discussed at th e Pa ris meeting. The reaso n for 
this is si mple. A booklet with short, to-the-point co mments is more likely to be read . Furthermore, 
most of the sys tems, models, a nd concepts discussed in Paris have a lready been published and 
references to these publica tio ns are contained in the bibliographies . Accordingly, the mai n aim of 
this publica tion is to communicate swiftly to users and to potenti al users, techniques and concepts 
current ly in use, a nd in this way to act as a directory so th a t the user or potentia l user may contact 
that particular research worker direc tly. The state-of- the-art is evolving too quickly fo r us to pa use 
and drai n o r divert substa nti a l energy to a maj or comprehensive publica tion. 

Historical Development 

The First Wave. Wh en COG EODATA first ca me into being, geo logica l data were considered in 
terms of digits (in numerical or a lph a numerica l form). For geo logica l da ta to be stored, retrieved 
and communicated , they had to be coded. Accordingly, initia l efforts na tu ra lly stressed sta ndardi
za tion a nd norm a liza tion o f procedures to ha ndle geo logica l da ta. To begin with, this showed 
grea t prom ise so th a t groups in industry (especia lly those in oi l explora tion and in mining 
production) very quick ly adapted certain techniques fo r practica l use. Large data management 
sys tems were quick ly developed in some companies a nd to a lesser ex tent, in so me government 
agencies, but a number of these grew a nd then, like the end o f the dinosa urs, stagnated or 
co ll apsed. An a na lysis of why this happened cou ld be exceedi ngly beneficia l to the users and 
potential users curre ntly a ppeari ng on the market. Some fac tors include: Lack of clear objectives 
in es tab lishing a computer-based sys tem; artificial constraints imposed by the system; and high 
costs a nd poor pla nning of documentation, editing and upd ating. Those sys tems tha t survived this 
first wave co mmo nl y indicate they were designed for specific purposes with a very clear idea of 
the problems and objectives. 

The New Wave. During th e las t few years a number of prac tical opera ting sys tems for recording 
geo logica l field data have appea red. Co upled with this, there is the fact tha t co mputer technology 
no longer requires us to be so constrained. We are no longer required to code our data and 
inform a tion so tha t it may be ' squeezed ' through a narrow pipe. Instead the ' di a meter' of the 
medium has vas tly increased to th e point in fac t tha t any ' norma l ' field notes can now be 
economica ll y typed into the compu ter (ei ther directly or via tape or punch-card ). These two points 
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are very important beca use they stress the fact th a t practica lity has a rrived in data capture and 
furth ermore, as time goes on, the degree o f freedom with which to a na lyze our da ta or inform a tion 
is quickly increasing. 

Activity during the first wave was exceeding ly bene fi cia l. It fos tered the growth of gro ups which 
set out initia lly to ' mimic ' ( using co rn pu ter-based systems) th e techniques which have been used 
by scientists in geologica l mapping over the las t 50 yea rs. At this point, l a rrive a t wh a t I think 
is perh aps the most crucia l juncture in this whole ma tter of geo logica l da ta , computers a nd the 
science o f geo logy itse lf, na mely: the hiera rchy o f the da ta . In the pas t, co mment has been made 
about the failure of the fi eld geologist to record da ta sys tema tica lly. Ana lysis o f this co mment 
brings o ne to rea lize th a t geo logica l field da ta a re often regarded as point se ts o f da ta as tho ugh 
they have been recorded digita lly by so me blind machine. The geo logist does not stop a t o ne point 
A, look down a t his fee t a nd record a ll signifi cant da ta within a radius o f three metres o f his fee t, 
then close his eyes a nd wa lk blindly onwa rds for a hundred metres or one kilo metre and then stop, 
look down, open his eyes a t point B a nd record a ll da ta within a radius o f three metres. Instead 
he is more co ncerned in the first insta nce in es tabl ishing the re la tio nship between da ta se t A a nd 
da ta set B, a nd recognizing ( using his own inboard computer ) whe ther or not there is a difference, 
and if so, wh a t its na ture might be. Each ho ur and each day in the fi eld is spent working essentia lly 
interactively with the rock pa tterns to bu ild up a picture o f the fie ld se tting. A highl y sk illed fi eld 
geologist is perh aps o ne o f the mos t discrimina ting and sensitive pure scientists. I wo uld co ntend , 
there fo re ( Hutchiso n, 1973) th a t there has been a genera l fai lu re to recognize tha t geo logica l 
contacts are prime da ta loca ted on geo logica l fi eld maps (they ca n easily be represented as a 
"strea m " o f x-y-z coordin a tes in the computer ), whose na ture results fro m o bserva tion of the 
rel a tionship betweend a ta se t A and da ta set B. On th is basis, ' spo t ' da ta within units are therefore 
of a lower ra nk tha n the da ta fo r co ntacts be tween units. Sys tems which have been mos t successful 
are those used in terra in where contacts between units a re not exposed o r a ppear to be 
grada tio na l. 

The importa nce of capturing geologica l contacts is th a t they ca n then be utilized fo r production 
o f maps ( this has been do ne for a number o f yea rs a t the Roya l College o f Art, Bick more and Kelk , 
1972 a nd Th orpe, this paper ), for ca rtographic a nalysis a nd as a basis fo r a d a ta ma nage ment 
system . 

Outcome of the Paris Meeting 

Emerging fro m the Paris mee ting was the appeara nce of three groups: one usi ng the ' medium ', 
where appropria te, as a mea ns towa rd a n end , the o ther in exa mining the ' medium ' itse lf fo r 
handling geo logica l d a ta , a nd the third interes ted in both a reas. As a consequence, a ll pa rticipa nts 
were no t foc used on the sa me research ta rge ts. N everth eless, this divergence had a tempering 
influence, whereby geo logists with diverse o bj ecti ves could be informed o f tech n iques currently 
being appraised , while resea rchers in da ta management syste ms could better a pprecia te geo lo
gists' needs. 

Major co ntri butio ns to adva nces in use of compu ter techno logy spa n the spec trum fro m the 
requirments o f the scientists (see contribution by de Heer a nd Bie a nd a lso Gordon ), to the 
production o f fi na l co lour maps such as discu~.sed by T horpe. Within thi s spectrum we have 
contributions o n so me o f the more success ful fi eld data sys tems, fo r exa mple: G EOMAP - Berner, 
Ekstro m, Lillj equist, Steph a nsson, a nd Wikstro m; Ca nadian Sys tems - McRitchie; Finnish 
sys tems - P ipping; DASC H - Vinken; and SARS - Hu tchison a nd Roddick. Genera lized 
sys tems for la bora tory and fi e ld da ta incl ude Aarhus U niversity Sys tem 11 - Pla tou, a nd the 
C RPG Sys te m - G ra ndcl a ude. Th e chie f a ttributes of a ll th ese sys tems is th e a bility to 
systematically ( implying so me 'sta nd ards') record , store a nd re tr ieve la rge vo lumes o f geo logica l 
in fo rm a tion so tha t se lectio n may be a na lyzed by applica tion p rogra mmes incl uding plo tting. 
Pro blems identifi ed a re the limited ra nge of applica bility of fi e ld sys tems ( most are designed fo r 
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specific terrain - usually metamorphic or plutonic terrain in which well defined stratigraphy is 
not readily identifi ab le). the hia tus be tween geo logist a nd computer, the need to formulate a 
workable and consistent methodo logy, and, where a high degree or success is encountered (such 
as GEOMAP), acquiring money a nd ma npower to establish that system for a ' beginner '. 

Generalized data manage ment sys tems include SAFRAS by Sutte rlin , SIGMI by Kremer, Lenci 
and Lesage and G-EXEC by Jeffery a nd Gill. There a re ma ny more data ma nagement sys tems 
designed for or adapted to use in geology. However, the three above are interestin g for a variety 
or reasons. For example. SAFRAS was the first portable OMS using free rormat allowing for 
repea ting record types. It has a pa rticul a rly powerrul retrieval capability but the COBOL 
programs may ha mper porta bility beca use or machine dependence. 

SIGMl is a more sophistica ted ex tensio n or the SAFRAS concept, allowing ro r a higher degree 
or ' nesting ' in the hierarchy. In contrast with SAFRAS a nd SIGMI , G-EXEC is a generalized 
FORTRAN sys tem which has been built as a series or modules . It is probably as portable as any 
generalized sys tem may hope to be with respect to runda mental differences between computers. 
Jn terms or a small. co mprehensive sys tem, it has many a tt ractive reatures. no t the leas t or which 
is the va ried yet heavy workload it has ca rried to date . 

Again I would li ke to stress that there are many other geo logical d a ta management sys tem s as well 
as so me spa ti a l data syste ms which could easily be ada pted ror geo logica l use. This publication is 
not intended to provide a list o r such various systems. A potential use r in selecting a sys tem should , 
however, consider planned use or data, the constraints or the make (or mak es) or computer a 
sc ientis t may use . th e o pera ting sys tem on that co mputer, financial budget. sys tems a nd 
programming staff available, a nd number or scientists to be suppo rted. Also to be considered is 
the question or whether scientists will use computers largely as 'acco unting' machines for routine 
computation and plo ts (batch mode), or whether they would wish to have the freedom to work 
on a n insta ntl y accessible basis to do 'resea rch ' on their data (i nterac tive mod e). I am convinced 
that on-line, interac tive capabilities a re (and will beco me) essential ror certain resea rch 
endeavours - yet again such a requirement puts a rurth er constraint o n the data management 
system which might be used. 

Cone lusions 

In a general di scussion there was a diversity or opinion concerning grea test needs ror ruture effort. 
These reflect the diverse problems currently being encountered by the broad spectrum of 
participants. 

There was general agreement to a proposa l to have COGEODATA seek rund s to sponsor an 
eva luation or opera tiona l field data systems. This matter will be rollowed up . 

At the 'syste ms' level, there was interest in a codicil for data structure, ror es ta blishing a range or 
'sys tem' components, fo r increased collaboration o n system development, eva lua tion o r sys tems 
ror data ma nagement a nd estab lishing standards ror transrer or data. 

At the ' data collection' level , there is a clear need to rurther reduce the ga p between field geo logist 
and comp uter, for greater systematization in both 'standards' and procedures in collection , and 
to reduce the constraints or current sys terns. 

At the level or those not fam iliar with computer techniques in geology, there is a clear need for 
some education , and for participation or COGEODATA in ac tivities of CODATA ( !CSU) and 
lG CP ( International Geol ogical Corre lation Progra mme). 
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Research on all these topics will be done, some perhaps under the aegis of COGEODATA. Each 
area, in its own right, demands research, but limited budgets and manpower dictate that priorities 
be set. 

The Future 

Readers will probably have been waiting for some sort of analysis of field data systems in terms 
of components, costs, applicability and effectiveness. Some data on these items are contained in 
the appendices . In spite of the tremendous progress made by the pioneers in field data systems, 
we still have a long way to go towards making such systems more widely applicable. At present, 
I would have little hesitation about strongly recommending use of a computer-based system in a 
long term mapping project in a metamorphic/granitic terrain where stratigraphy is largely 
lacking or obscured (by over-burden), and where many geologists will be employed. 

For smaller, shorter term projects, and where stra tigraphy is well defined, current techniques may 
be of limited assistance, requiring too much effort in implementation relative to compiling energy 
available. I regard a computer-based system as simply a medium , and it is for the field geologist 
to decide whether such a medium suits his work style better or has an advantage over pencil and 
paper. This assumes that the geologist's notes are simply a temporary project file. If, however, it 
is decided that notes will be archived , this cou ld be an added reason for a computer system. At 
present, I would be concerned that there could be energy loss through handicapping the geo logist 
in the field , followed by additional effort required for effective curation of the field notes. 

Field data files may quickly grow and with large files we tend to slip into one of the major pitfalls, 
namely: the amount of energy required for file management, editing and updating a large file 
tends to consume so much time that more time is spent managing the data than attaining the 
ultima te objective. Another pitfall is that a standard may have been prematurely established and 
imposes a stultifying effect. 

Especially in field geology we must approach the matter of standards with care. Obviously each 
field data system is in a sense a closed system , and one would hope that standards used internally 
are consistent. Most standards (aside from those dealing with location) have nothing to do with 
computers. They are instead geological problems requiring resolution by geological experts in 
their particular field using data hierarchy and classification. A benefit from field data systems is 
that we can test proposed standards and present others which have naturally appeared or 
'evolved'. 

At this point, I return to one of the comments I made earlier. that an excellent fie ld geologist is 
"one of the most discriminating and sensitive pure scientists" in this age of technology. The 
challenge, as I see it, is for the computer scientist to quietly follow such a field geologist and 
determine how computer techniques could facilitate the information collection. I feel that this is an 
area where much will be achieved in the near future. Such examples are new techniques for 
capturing data on tape at costs lower than normal typing through use of off-line terminals. 

Digitization not only of point data but also of contacts, allows us to put the main elements of a 
map into the computer and thus potentially available for cartographic analysis. Of particular 
importance here, is that statistical and other analyses are not 'one way' synthesis but can be fed 
back, as part of an iteration, to allow evaluation of domain boundaries. In this way data may be 
given geological significance and as domain boundaries are changed, then so must the geological 
context of all contained data. Many geologists do this every day and it is essential that any 
computer system for field geology must have the same capability. 

An example of what may become commonplace in the future is the contribution of Smedes, USGS, 
which demonstrates how a modelling-mapping system combining remote sensing, natural 
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resource, socia l. eco no mic a nd cadas tra l da ta has been a pplied to pla nn ing and 
decisio n-mak in g. 

I have no do ubt in my own mind tha t co mputer techniques will g ive us a degree o f freedo m tha t 
we never had be fore. Th ro ugh this we will be able to ma ke a contributio n to the scie nce o f geo logy 
and its applica tio n. However, I do no t see this as an easy p rocess th a t will deve lo p quickly, and 
neither wi ll it be co mprehensive. Instead I a nticipa te th a t se tbac ks, fru stra tio n a nd hig her th a n 
a nticipa ted cos ts will be co mm onl y encountered in deve lopm ent. For this reaso n. I wo uld like to 
pay pa rticul a r tri b ute to th e pa rti cipa nts of th e Pa ri s mee ting. Th ro ug h th eir effo rts a nd 
de termina tion . substa ntia l ha rd-ea rned progress has been made, no t o nly in accom plishment , but 
in di scoveries o f p i tfa ll s. T hese pio neers have a wea lt h of experience. T ha n ks to the support of 
JUG S ( th ro ug h COGEOOATA ), a nd o f UNESCO, the part icipants were broug ht toge th er in o ne 
place to minimize duplica tion of effort requi red fo r future progress. This mee tin g was essentia l 
a nd va lua ble a nd I wo uld sugges t th a t the reade r seeking further info rma tio n sho uld contact 
direc tly a ny contributor, or write to the COG EODATA Secre tary, Dr. C. F. Burk , Jr. 

Acknowledgments 

I wo uld like to acknow ledge the vita l ass ista nce of O r. C. F. Burk, J r., our Secre ta ry, a nd N at iona l 
Coordina tor of the Canadia n Centre fo r G eoscience Da ta. in pla nning the Pa ris mee ting, a nd in 
ed iting a nd typese tti ng (a p propri a te ly, wit h the a id of a co mputer- based text editin g a nd 
p ho toco mpos itio n sys tem) the co ntents of this publica tion. F urtherm ore, I tha nk the G eologica l 
Survey o f Ca nada fo r pu blis hing the contr ibutions in this paper. 

Particul a r th a nks must be given to Dr. K. La nge a nd hi s Secre tary, Mme. Espinasse, who made 
a rrange ments to ho ld o ur mee ting a t U N ESCO. 

At the mee tin g, O rs. 0 . S tepha nsson, M. Kremer, W. D . McRitchie, a nd G . D . Willi a ms bore a 
su bstanti a l respo nsibility as C hairmen in fos tering a nd guiding the ma ny va lu a ble discussions. 

I wish to tha nk UN ESCO a nd the Internatio na l Geographica l U nion ( IGU) fo r the participa
tion of: A. R . Boyle. Sas ka too n, Ca nada; H. W D. F. Marble, Buffa lo , U.S.A. ; W . R. Tobler , Ann 
Arbor, U.S.A.; a nd R. F. T o mlinson, Ottawa. Ca nada. 

Above a ll , I th a nk th e pa rt icipa nts, beca use it is these pio neers whose e ffo rts, sacrifi ces a nd 
determina tio n have cont r ibuted so much to the progress th a t has bee n made to d a te. 

Reference 

H utchison , W . W. 
1973 GSC com puteri zing sys tem fo r map prod uctio n. a na lys is: 

N orthern Miner . v. 59 , no. 37 , p . 95. 

6 



PART 1: GEOLOGICAL FIELD DATA SYSTEMS 

Introduction 

W. D. McRitchie 
Department of Mines, Resources and 

Environmental Management 
Geological Survey Section 
993 Century Street 
Winnipeg, Manitoba R3H OW4 
CANADA 

For several yea rs now ma ny geo logis ts have recogn ized the need for g uidelines rormulating a 
workable and consistent methodology for establishing data files th a t can be p rocessed with a high 
degree or reliability . Many might claim that such guidelines are inherent in the efficient 
applications or existing geo logica ll y oriented field da ta ga thering procedures. In practice, however. 
it is orten found that standard s vary or are not defined , inconsistencies exist bo th within and 
between files, and more orten or no t the da ta required have not been collected or recorded. 

The following papers o utline so me or the initial at tempts that have been made by geo logists from 
ma ny different countries to upgrade the consistency and reliability or geo logical data-gathering 
procedures in the hope that the data files so generated might be processed with an eq ua l degree 
of meaning foln ess a nd reli ability. 

One of the greatest limitations th a t mos t geo logists are forced to work under is a lack of time. Time 
to collect the information they need , a nd time to work with the raw data, correcting, sirting, a nd 
analyzing it, sea rching for mea ningrul covariances which will lead them to reso lve the problems 
they are conrronted with. If the content of their data files is consistent, then the greatly enhanced 
capability for testing multip le working hypotheses and gaining a feel for the d a ta through 
mach ine processing can lead to a mo re rigorous a nd profitable conceptual ana lysis or the 
perceptually derived data. 
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GEOMAP 

H. Berner, T. Ekstrom, R. Lilljequist, 0. Stephansson and A. Wikstrom 
Uppsala Universitet 
Geologiska lnstitutionen 
Box 555 
S-751 22 Uppsala 1 
SWEDEN 

Introduction 

Increasing recognition of the ability of data processing systems to handle large amounts of current 
and potential geological data suggests the extension of data processing methods into geological 
mapping. For this reason the field data storage and retrieval system GEOMAP was developed in 
1969-70 . The system has been used for four field seasons in Scandinavia and was slightly modified 
in 1972. A meaningful use of computers calls for systematic recording of consistent observations. 
To fulfill this condition GEOMAP utilizes a standard field data sheet which serves as a checklist. 
Information not covered by the data sheet may be recorded as processable notes. The combination 
of a standard sheet with processable notes gives GEOMAP a high degree of flexibility. 

The data base is linked to a data management system which contains a set of retrieval programs 
and routines for standard statistical methods. 

Field Data Sheet 

Observations and measurements made on an outcrop are subdivided with reference to different 
rock types. Information about a rock type can be given on more than one sheet (Figure 1 ). The 
description includes: 

l. Coding on the input document 

2. Referenced notes on the back of the input document 

3. Common notes on the back of the input document. 

Only a few remarks about the field data sheet are made here; a specia l guide for the user is 
available upon request. 

The sheet is divided into segments, for example, location and references, petrology, tectonics. Any 
orthogonal coordinate grid may be used for indicating the geographical location. If more detailed 
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GEOMAP 

A1953 

A 19 54 

N-CO-OR 

TYPE OF OUTCROP 

D 
124 

OUTCROP < S m 2 . A OUAR RY . G 
OUTC ROP 5-100 m 2 .. . B MINE . PROSPECT . .H 
OUTCROP 100-2000 m2 c BORE - HOLE . K 
CONTINUOUS OUTCROP. 0 KEY-OUTCROP. . L 
ROAD CUT <IO m E U N CERTAIN OUTCROP. M 
RO AD CUT 1 O -SO m F BOULDER . N 

PILE OF BOULDERS . P 

MAP UNIT : DATE : 

E-CO-OR ALTllUOE GEOLOGI ST OUTCROP NO SE RI AL NO 

10 11 12 13 " IS lb 17 IS 19 20 21 21 23 

REFERENCE OBJECTS 
TYPE I TYPE 11 OBJECT NO 

D D DI I I I I n 
2S 126 127 28 19 30 JI 32 33 

TECTONICS AS PRECEOOBSERVATION . I PHOTO I SPECIMEN . I 
PETR . AND TECT AS PRECEO OUTCROP. . 2 SKETCH l SPECIMENS 2 
PETROGRAPHY AS PRECED. OUTCROP 3 PHOTO • SKETCH .. 3 CHEMICAL ANALYSIS 3 
TECTONIC AS PRECED. OUTCROP . 4 DESCRIPTION . 4 SPEC .• CHEM . ANALYSIS ' PETR ANO TECT . AS SECO ND LAST OUTCR.5 PHOTO• DE SCRIPT . s MICROSCOPIC ANALYSI S . s 
PETROGRAPHY AS SECO ND LAST OUTCR.6 AREA DESCR IPT. .. SPEC.• MICR. ANALYSIS . 6 

OTHER . 7 

PETROGRAPHY LAYER THICKNESS COLOUR GRAIN SIZE TEXTU RE 

CD ul I I D I I I D D EOUIGRANULAR . I 
1 INEOUIGRANULAR 2 

PORPHYRITIC 3 
34 llS 36 137 138 39 140 

mm 
141 142 OPHIHC . ... ' <2mm I 2- 20 m .s <0.05 I 1.5- 3.0 s PORPHYROBLASllC s 

STRUCTURE 2-20mm 2 > 20 m . 6 0.05-0.3 2 3 - s 6 GRAPHIC 6 
2-20cm 3 VARIABLE 7 SEE CHART 0. 3 - 1. 0 3 s -JO 7 CLASTIC 7 

SEE CHART 2 -20d m 4 1. 0 - 1. 5 . 4 >JO . 8 OTHER 8 

MEGAGRAIN HAB IT SIZE mm OUANTllY •to MOBIL I SATE 
MINERAL 

ANGUL.4.R.ELONGATED . . I <2 I <I 0 /o x TYPE 

I I I ANGULAR, EOU IDIMEN .... 2 D 2- 5 .. . 2 D 1- 5 O/o .. y D D PEGM .WHITE - GREY .. I 

ANGULAR. ROUNDED . 3 5-10 . . 3 10°10 I PEGM. WHITE- RED 1 
LENTICULAR . . .4 10- 20 . . 4 20°/o . 1 INEOUIGR WHITE-GREY 3 

43 144 ROUNDED 5 1'5 20-40 . s 146 3QOJo . J 147 148 INEOUIGR .WHl1E-RED 4 

VARIABLE .. .. 6 >40 6 40°/o . ·' GRANITIC WHllE · GREY . s 
SEE CHART OTHER · · ·· ·· . 7 '" GRANITIC WHITE- RED 6 

GRANOO IORlTIC 7 
DlOR ITIC . 8 

1 II 111 IV 
OTHER 9 

TYPE OUANl TYPE QUANT TYPE QUANT TYPE QUANT . 

MINERALOGY rno rno rno rn D D QUANTITY 0
/ 0 

49 150 151 52 153 IS4 SS IS6 157 S8 159 160 161 (AS 147) 

SlRATl&RAPHY TYPE MINERAL , ALTERATION QUANTITY .,. OTHER OBSERVATIONS 

ROCK 

I I I I I I I I rn D f AS 147) rn 
62 63 IS4 6S 66 167 68 16 9 170 71 172 

TECTONICS ETC. 
PLANAR STRUCTURES lYPE STRIK E DIP PHASE JOINT FREQUENCY STRATIGRAPHICAL SEQUENCE 

NORMAL I 

D I I I I I I I D D NUMBER OF JOINTS/ Sm D INVERTED 2 
SS- SURFACE . . 1 ...L STRIKE {0°-1790,T QP 3 
S- SURFACE . 2 V 180°-360°. TOP 4 
PLANAR STRUCTURES 3 114 25 26 27 28 29 230 231 2 - J . . I 231 
AXIAL PLANE .• 4 D I I I I w D D 4 - 6 . . 2 DI MENSION SYMMETRY 
JOINT . s 7 - 10 . 3 

0.01-0.os . I SY MMETRIC I SET OF JOINTS . . 6 11 - 20 . .. 4 
FAULT . 7 21 - JO . .5 0 05-0 1 .. ' f .,, l 

SHEAR ZONE 
233 34 35 36 37 38 23' 240 

>30 . . 6 0 .1 - 0 25 . 3 z 2/1-4/1 3 .. 
D I I I I rn D D OTHER . . .9 0 25-0 50 .. 4 z 1./1-1 0/1 4 

o. s - 1 0 . . 5 z > 10/1 s 
1.0- 2. 5 . . 6ASYM S <2/1 . 6 

241 42 43 44 45 46 247 248 2 5- 5 0 . . 7 s 2/ 1-1. /1. 7 

FOLDS 
5 0 -10 8 s 4/1-10 / 1 . 8 

LINEAR STRUCTURES > 10 .9 s > 10 / 1 .9 

FOLD AXIS,OBSERVED . . . I TYPE A ZI MUTH PLUNGE PHASE CLASS IA . A TYP E WAVELE NGTH AMPLITUDE SYMME TRY 
FOLD AXIS, CONSTRUCTED. 2 rn D 

CLASS 18(PARALLEL ) . . B 

D D D D MINERAL UNEATION . 3 D I I I I 
CLASS 1C c 

S-INTERSECT10NS . . 4 CLASS 2 !SIMILAR I . 2 

LINEATION UNSPEC . s CLASS 3 3 

LINEATION •FOLOAXIS . 6 149 so. SI S2 SJ S4 25S CHEV RON 4 2S6 1S7 258 1S9 

LINEAR STRUCTURES . 7 D I I I I rn D PTYGMATtC . s D D D D SLlCKENSIOES . 8 INTRAFOLIAL 6 

OTHER .. 9 FLOW . 7 

260 61 62 63 64 65 266 
OTHER . . . 8 

267 268 269 270 

DYKES ETC . 
TYPE STRIKE DIP PHA SE FIL LING THICKNESS 

DYK f . D I SI L L . . 2 
FILLED JOINT . 3 
IGNEOUS CONTACT ' 271 72 
SEGREGATION s 

GRANITE GNEISS . A D D <2 cm I 

MASSIVE GRANITE . . B 2 -10 cm . . 2 
PEG MA TI TE . c 1 -2 dm 
APLITE . 0 278 2 - 10 dm 
AMPHIBOUTE E 1 - ] m 

GLAtlAL STR IATION 6 
OTHER . . 7 

DOLERITE F ORE K > 2m 
QUARTZ G CARB ONATE L 
QUARTZ•ORE H SK ARN M 

OlHER . N 

Figure 1. Field data sheet. 
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MAP UNIT KATRINEHOLM SW 

N-CO-OR 704410 E-CO-OR 130430 

YEAR 1973 OUTCROP NO 6 

GEOLOGIST 0 STEPHANSSON 
TYPE 

ROCK A 

STRUCTURE 1 
2 

GRAIN SIZE 

LAYER THICKNESS 

ROCK TYPE 

MOBILISATE 

S-SURFACE 

SS-SURFACE 

FOLD AXES 

FOLD TYPE 

WAVE LENGTH 

FILLED JOINT 

PHOTO+SKETCH 

NOTE(S): 

OBJECT 

SYMMETRY 

ROCK TYPE 

COMMON NOTE 

ROCK B 

STRUCTURE 1 
2 

GRAIN SIZE 

LAYER THICKNESS 

MINERAL 

ROCK TYPE 

$- SURFACE 

PHOTO+SKETCH 

NOTE($) : 

0 BJ EC T 

ROAD CUT 10-50 M 

QUANT !TY 80 % 

UNIFORM BEDDING 
SCHISTOSITY 

0 . 05-0.3 MM 

2-20 MM 

CARBONACEOUS SHALE 

<1 % PEGM WHITE GRAY 

N 15 E. 70 W 

N15E,70W 

s 20 w. 10 

CLASS 1 C 

0.05-0 . 1 M 

CARBONATE 

126,3 SEE COMMON NOTE 

259,1 SEE SKETCH+PHOTO 

TEXTURE EQUIGRANULAR 

COLOUR MEDIUM DARK GRAY (74) 

STRATIGRAPHY SIL 

PHASE 1 

PHASE 1 

SYMMETRY SYMMETRIC 

AMPLITUDE 0 . 05-0.1 M 

N 5 E. 90 E THICKNESS < 2 CM 

167, FOLDING IN CARBONATE RICH PARTS 

PHOTO OF FOLDS IN CARBONATE RICH PARTS, FILM 1-3 

QUANT !TY 20 % 

SCHISTOSITY 
UNIFORM BEDDING 

<0.05 MM 

80 % CARBONATE 

MARBLE (58A) 

N 70 W, 20 E 

TEXTURE EQUIGRANULAR 

COLOUR MEDIUM DARK GRAY (74) 

STRATIGRAPHY BER 

PHASE 3 

126,5 PHOTO OF OUTCROP WITH OFFERDAL CHURCH IN BACKGROUND 

TYPE PLANARSTRUCT 224,2 STRONGLY CRUSHED IN WESTERN PART OF OUTCROP 

Figure 2. 
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Li st of decoded informati on from an outcrop. Notes are printed at the bottom of 
each desc ripti on. 



mapping is desired , se ri a l numbers ca n be used fo r sw itching the registra tio n o f coordina tes into 
a tenth or a hund redth o f the ord in ary mapping sca le. 

The pe trogra phica l a nd tec to nic da ta a re coded numerica ll y or a lph anumerica ll y. So me codes a re 
prep rinted o n the shee t, but codes for structu res, colours, minera ls, rock types a nd fo lds are given 
on separa te charts which the geo logist ca rries together with the sheets in the fi eld. The co ntents 
of the charts as we ll as the libraries o f codes and decoded in fo rm a tion within the da ta progra m 
ca n easi ly be upd ated a nd repl aced . This a llows the use o f different schemes o f rocks, structures, 
minera ls, etc., which a lso ma kes GEOMAP more adaptab le to different types o f geo logica l 
milieu. 

Th e co lo urs o f th e rocks a re defin ed by mea ns o f a standard rock co lour chart des igned fo r fi eld 
use. 

In the' Minera logy' segment fo ur majo r or minor minera ls may be recorded o n each fi e ld sheet. 
The re la tive a bund a nces o f the minera ls a re given in the ' Qu a ntity boxes'. For the description of 
' Rock type' the en try' S tra tigraphy' is used fo r registering a ny litho-, chro no-, or bios tra tigraphic 
divisio n or local na me of the rock. The codes chose n by the geo logist a re p rocessed by the 
compu ter just li ke a ny o th er para meter given on the shee t. 

Up to now geo logists in Sca ndinav ia have used two different rock schemes. One is a gene tic 
classifica tion of Preca mbria n rocks used by the Mapping Department o f the Swedish Geo logica l 
Survey; the o th er is used by the N orwegia n Survey a nd conta ins a classifica tio n of igneous rocks 
by Streckeise n. 

In the tecto nic segment o f the da ta shee t linea r and pla nar elements as well as dykes can be 
recorded for each rock type. Fo lds are coded acco rding to the geometric classifica tion of 
Ra msay. 

The back of the shee t is used fo r notes and sketches. T here are two types of notes in the G EOMAP 
sys tem. Refere nced no tes a re made to co mplete specia l in fo rm a tion on the d a ta shee t. These notes 
can be re trieved se lec ti ve ly with respect to any referenced o bserva tion fro m the da ta base. The 
genera l no tes a re o nly pr inted out toge ther with a ll in fo rma tio n abo ut the rock types in the 
compre hensive outcrop li st. These notes a re used fo r more genera l descriptions a nd may have a 
consid era ble length. 

Updating, Analysis and Retrieval of Data 

The geo logica l in for ma tion is tra nsferred to punch cards, checked fo r erro rs a nd sorted with 
respect to map unit , coordina tes a nd seria l number. A logica l record in the d a ta base will conta in 
the informa tio n o n o ne rock type fro m a loca li ty. 

All se lections of in fo rma tion fro m the da ta base a re ha nd led by a progra m package ca lled 
INTE REST. T his sys tem is charac terized by a n adva nced retrieva l fa cility in co mbination with a 
grea t number o f sta tistica l ro utines. The arguments for se lections may consist of observa tion 
references, fi xed a rguments a nd conditio ns. 

T he re tri eva l p rogra ms of INTE REST have been completed with a number o f routines fo r listing 
a nd pl o tting of geo logica l in fo rm a tion. An y in for ma tion o f the fie ld shee t ca n be plo tted with 
re ference to the coordina tes. 
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OBJECTS KATRINEHOLM SW 

N CO-OR E-CO-OR ALT.CO-OR OUTCR.NO SPECIMEN ANALYSI S PHOTO SKETCH DESC . IMPORT. OTHER 
CHEM MICR OUTCR. 

4620 145 157 
5200 5 1 59 s 
5233 so 161. A s 

161. B s 
6260 9660 162 x x x x 
6380 9480 167 x 
6420 9480 168 x 
6420 9420 169 x 
6500 9430 330 170 x 
6500 9500 171, A 

171, B 
6008 9470 177 
6080 9420 180 s x 
6250 9110 187 s x 
6175 8770 189 s x 
8040 8045 192 s 
7690 8210 193.A s 
8006 6570 194 s 
6150 8780 196 s 
6140 8720 198 s x 
6130 8710 199, A s 

199,B s 
6130 8670 478 200 s 

200,B s 
200.c s x 

6520 8840 204,A 
204,B 

9600 310 709 208 x 
9705 9670 209 x 
9640 5770 210 
6840 7400 211 
6970 7750 212 

6950 7940 213 s 
6950 7980 214 s 
7695 8215 21 5, A s 

21 5, B s 
7070 8725 216 s x 
7065 9150 217 x 
6880 9030 252 
7690 9000 836 263 s x 
7980 8905 266 s x 
9500 7200 284.B x 
7796 7800 307 

Figure 3. A standard cross list of objects. 
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Case Study 

The po tentia l of the G E OM A P sys tem fo r d ispl aying differe nt res ults of a na lyses a nd re trieva l is 
partly illu stra ted by th e fo llowing o utput fro m the ma p un it Ka trine ho lm SW, Cent ra l Sweden. 
Th e roc ks o f thi s a rea (25 km 2

) a re Svecofenn ia n-age mig ma tites a nd vario us gra nites . T he wo rk 
was carri ed o ut during th ree fi e ld seaso ns a nd the numbe r of observa tions is abo ut 7 OOO . 

At the e nd of th e third fi e ld season the geo logis t in charge o rd ered so me o f th e s ta nd ard lists 
inclu ded in GEOMAP. for exa mpl e, a co mpre he nsive list of a ll decoded in fo rm at io n a nd no tes 
fro m each loca lity (Figure 2 ). T he co mputer a lso prod uced a cross lis t of o bj ec ts reco rded o n the 
fi eld shee ts (Figure 3) a nd se para te li s ts of each objec t. T he la tter co nta ined every no te made with 
reference to the specifi c o bject. Mo reover. th e geo log ist obta ined a li st of a ll tec to nic da ta including 
dykes. A num be r o f equ a l-a rea ste reo net ana lyses we re made fo r linea r a nd pl a nar s tructures 
se lec ted with res pec t to a reas a nd roc k ty pes. 

Stand ard ro utines we re used for plo tting ma ps o f outcrops. observed rock types a nd tec tonic da ta 
(Figure 4 ). T he plo ts we re made on tra nspare nt pl as tic to make it possible to super impose them 
direc tl y o n the fi e ld ma p d rawin gs. Toge ther with th e sta nd a rd o utput the compute r a lso plo tted 
structure cod es of mig ma tites toge th e r with type a nd qua ntity o f mobilisa te. 

So me sta ti stica l ro utines of the INTE REST pac kage were used for mak ing cross-tab ula tio ns a nd 
hi stogra ms o f migma tite structures, cha racte rs a nd qu a ntit ies fo r differe nt roc k types in th e a rea. 
Size a nd qua ntity o f megagra in minera ls were a na lyzed aga inst ha bit for a number of gra nites. 
T he geo logis t a lso go t ta bl es of freque ncy of co lo ur a nd gra i n size fo r so me rock types. 

Experience with GEOMAP 

The G EOMAP sys tem has now been used during fo ur fi e ld seasons by more th a n 50 geo logists 
in Sca ndin avia. Besides fi e ld ma ppin g. success ful a ttempts have bee n made to introduce the sys tem 
for educa ting geo logy s tu de nts a t un iversiti es in Swede n a nd No rway. 

The present situa tio n is th a t th e geo logica l surveys o f Swede n a nd N orway a re implementing the 
sys tem fo r runnin g on th e ir own co mputers w hi le the Survey o f Finla nd is still tes tin g th e sys tem. 
Bolid en Minin g Co mpa ny is curre ntl y using G EOM A P for thei r p ros pec ting a nd w ill soon ta ke 
over a copy of th e progra ms. Outsid e Sca ndi nav ia severa l orga niza tio ns have ex pressed interes t 
in G EOMAP a nd a re now o ffered a n E ng li sh versio n. 

Due to requests fro m the use rs in Sca ndinav ia the fi eld da ta shee t a nd so me ro utines in th e sys tem 
were slightl y modifi ed in 1972. T he importa nt improve ment is the divi sio n o f th e in fo rm a tion 
with respec t to observed rock ty pes a nd th e increase o f tec to nic registra ti on. Ano th er is the 
possi bil i ty fo r the geo logist to use hi s own codes in so me e ntries. 

The fi e ld d a ta shee t has been tes ted in va ri ous geo logica l terra ins o f Sveco fennia n as we ll as 
Ca ledo nia n mo unta in rocks a nd seems to fun ction we ll. A lth o ugh the shee t was o ri gin a lly 
designed fo r igneo us a nd me ta morphic roc ks. sma ll co mplementa ri es were needed to ad a pt it for 
sedimenta ry. rocks. 

Among the users, a few geo logis ts have mainta ined the opinio n tha t the fie ld shee t res tric ts th e 
poss ibil iti es to ma ke good o bserva tio ns. Mos t geo logis ts, however. have fou nd the co mbina tio n o f 
check list a nd registrat io n o f no tes suffici entl y fl ex ible for their wo rk . For stude nts, the input 
documen t has been a support in the fi e ld , which has been reflected in th e a mo unt a nd qua lity o f 
thei r reco rd ed da ta. 
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Careful training is needed before geologists are able to ma ke full use o f th e G EOMAP system . The 
a mount o f experience is obvio usly refl ected in th e number of er rors a nd fin a ll y in th e cos ts of 
processing o f the co llected ma teri a l. Ca lcula ted on a co ll ec tion o f 500 o utcrops, th e cos t of 
punching, s to ring and re trieval o f a stand ard package of li sts, plo ts a nd stereo net di agra ms is 
about U.S. $0 .7 5 per outcrop. Althoug h th e system is very user-oriented a nd easy to ha ndle, th e 
geo logist usua lly prefers to o rder his jo bs fro m a computer progra mme r. W e are now working 
toward a closer co ll a bora tio n between the geo logist a nd the computer , usin g a tim e-sha rin g or 
interactive da ta system . This will reduce the cos ts a nd a lso train th e geo logist to use a ll the bene fits 
o f the co mputer sys tem. 

G EOMAP has a sister sys tem ca ll ed CORE MAP. It is a da ta sys tem fo r recordin g a nd p rocessing 
inform a tion from drill cores a nd boreho les. The sys tem may a lso be used in tunnels, adits, etc. The 
standa rd shee ts includ e genera l, geo logica l, chemica l, joint a nd borehole dev ia tio n d a ta but th ese 
may be ex tend ed to a ny o th er type o f inform a tion. In COREMAP it is a lso possible to co mpute rize 
no tes . 

GEOMAP Documentation: Publications 

Berner , H. , Ekstro m , T . , Lillj equist , R. , 
Steph a nsso n , 0. , a nd Wikstro m , A . 
1971 Da ta s torage a nd process in g in geo logica l mapping. I: Fie ld da ta 

shee t II: D a ta fil e . G eol . Fore . Stockho lm Forh . , 93 , p . 85 - 1O1 
a nd p . 69 3- 705. 

Berner , H . , E kstro m , T . , Lilljequist , R . , Steph a nsso n , 0 . , Wik stro m . A. 
1972 G EOMAP - A d a ta sys tem for geo logica l mappin g: Proc. 24th Inter. 

G eol. Congress , Sec tio n 16 , p . 3- 11 , 6 fi gs. 

Steph a nsso n , 0. , E kstro m , T . , Berner , H. 
197 1 Computer techniques for geo logica l ma pping: Hornicka Progra m Ye 

Yede a Tech nice , Tjeckos loa kia. 

Stepha nsson , 0 . , Ekstro m , T. , Berner , H . , Lundin , S. E. 
1972 ADB - sys tem for geoda ta: IVA Bergmeka nikko mmitten. 

Diskussio nsmote , Feb . 

System Reports 

Berner , H . , E kstrom , T . , Lillj equist , R. , Stephansso n , 0. , Wi ks tro m , A . 
G EOMAP: the user 's guide to fi eld da ta shee t. 

U niversity D a ta Centre: G eoda ta G ro up 
G EOMAP Manua l. 

Ekstro m , T . K . , Wirsta m , A. , and Larsson L . - E. 
CO REMAP - A data sys tem for drill cores a nd bore- holes ( in press) . 
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Appendix 

The sys tem GEOMAP consists of two main pa rts. the first bei ng a data modifica tio n a nd upd a ting 
sys tem, th e second a n a nal yzin g and re trieva l sys tem. 

Storing of the Recorded Field Data 

The geo logical informa tio n recorded o n field data shee ts and la te r punch ed o n cards is so rted into 
speci a l units before it is fed into the computer. In Sweden the in fo rmatio n is s tored in units 
corresponding to topographic maps of the sca le of I :50 OOO. At th e so rting, each unit is assigned 
information o n name of map unit , na me of geologist involved a nd year of mappin g. The programs 
GESORT I and GESORT 2 a re used for further processing and so rting. They a lso transfer the 
geo logica l informatio n to mag ne tic ta pe or disc pack. Error control is done by the program 
GUPDAT. The correct data are added to the data file while errors are li s ted for correction. 

Analysis of the Stored Field Data 

All geo logica l data which are to be processed a nd prese nted in the form s of lis ts, plo ts, diagra ms 
a nd sta tistica l analyses are s tored on mag ne tic tape. The process ing is mad e by the INTE R EST 
II sys tem to which a number or special routines have been added. 

With a few exceptions the routines of the GEOMAP sys tem are coded in IBM System 360 
FORTRAN IV (G). Memory required for the modificatio n part is 158 K and for th e calculating 
pa rt 208 K. 

An earlier version o r the GEOMAP sys tem is implemented o n a CDC 3600 computer. 

Implementation on IBM 3701155 

Configuration: 

I card reade r 
I card punch unit 
I line printer 
I plotter 
2 mag netic tape devices 
I direc t access device (or poss ibly more) 

The sys tem can with small reorga niza tio n use o nl y discs. but it is pre ferable to use ta pes for storage 
during longer period s. 

The routines o f th e sys tem use the following units ( th e log ical number is given in pare ntheses). 

GESORT 

Input: 

Output: 
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Card reader or if card images a re used disc or mag netic tape ( I). 
The new information (data). 

Disc (or mag netic tape). 
The information is modified and sorted. 



Scra tch U nits: Disc. 

G ESORT 2 

Input: 

Output: 

These units are no rm a ll y co ntro ll ed by the SORT- sys te m. 

Disc (or mag netic ta pe) ( 2). 
Output fro m G ESORT 1 . 

Disc or magnetic ta pe. 
The in fo rm a tio n is further modifi ed a nd sorted . 

Scra tch un its: Disc. 

GU PDAT 

In put 1: 

Input 2: 

Input 3: 

Output 1: 

Output 2: 

INTER EST 

Input 1: 

Input 2: 

Input 3: 

Output 1: 

Output 2: 

Output 3: 

These units a re norma lly controlled by the SORT- sys tem . 

Card reader (5). 
T ables with certa in keys to th e codes fro m the fie ld shee ts 
(a bo ut 500 ca rds). The firs t ca rd control s the logica l unit 
number fo r INP UT 2 . INP UT 3 a nd O UTPUT 1 be low. Th e num bers 
in pa rentheses a re no t needed fo r these un its. 

Disc or magne tic ta pe ( 1 ) . 
T he output o f GESORT 2. 

Magne tic ta pe ( 3). 
T he in fo rm a tio n to be upd a ted , i .e. th e o ld ma111 fil e . 

Magne ti c ta pe ( 2) . 
T he new o r upda ted in fo rm a tio n. 

Line printer (6). 
Fo r errors. 

Card reader (5). 
Prog ra m cont ro l ca rd s . 

M ag ne tic ta pe or di sc ( 2 ) . 
The record ed da ta. 

Disc ( l l ). 
T a bles fo r different codes used on the fi e ld da ta shee t . 

Line printer (6) . 
Lis ts, e tc. 

Disc ( 42 ). 
Pa m- file o r ge fU ge reco rds . 

M ag netic ta pe ( l 0 ). 
The resu 1 t fo r plo tting. 
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Scratch units: Disc (e, 4 , 8, 9, 12 , 40 , 41 ). 

GEFOGE 

Input I: Card reader (5). 
P rogra m control cards. 

Input 2: Disc ( 42). 
Pa m file of ge rtige records. 

Output: Line printer ( 6). 
Bertige diagrams . 
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Use of geological field data systems in Finland: experiences and problems 

Fredrick Pipping 
Geological Survey of Finland 
SF - 02150 Otaniemi 
FINLAND 

Field Data Systems 

Since 1968 the Finnish sta te-owned mining co mpa ny Outokumpu Oy ( base meta ls/ sulphide ores) 
has been developin g a nd designing a n input, re tri eval a nd p rocessing sys tem, G EOKU , fo r 
exploration mapping. It is now used by a ll th e field parties of th e co mpa ny. An input document 
with a fa ir a mo unt of d a ta to be recorded is used. It is especia ll y fl exible with rega rd to the 
recordin g o f tectonic a nd structu ra l da ta . Th e sys tem uses a uthorized lis ts o f mne mo nic codes that 
were esta blished earlier for mineral s a nd rock s a nd a lso for structu ra l a nd textural terms. The 
storage progra m inclu des a n a uto ma tic sea rch for errors in the ma teria l, a nd rejec ting storage 
before correctio ns have been made. The fi eld data fil e is des igned to save storage space, a nd as a 
result the d a ta to be processed have to be retrieved th ro ugh a specia l o utput fil e. Th e output is 
la rge ly centred on th e gra phic presenta tio n of the da ta. Structu ra l da ta a re displ ayed as maps a nd 
diagra ms, pe trographic a nd explora tio n da ta as sy mbol maps. The sys tem is described in more 
deta il in a recent pu bli ca tion by G aa l a nd Suo ko nautio ( 1973 ). 

Ano ther fi e ld d a ta sys tem, G EO U LU, has been developed a t the U niversity o fOulu as a result o f 
cooperation be tween the G eology a nd ADP departments. This project was fin a nced by a specia l 
government grant fo r a survey o f laye red ma fi c intrusions in northern Finla nd . The G EOU LU 
system is a lso la rge ly conventiona l with a specia l input document, coding, etc. It see ms likely tha t 
G EOU L U a nd G EOK U will be com bined a t some future date. An agreement on coopera tio n a nd 
exch ange o f so ftwa re has already been signed . 

At the Geo logica l Su rvey of Finl a nd the department fo r bedrock mapping has participa ted in the 
Swedish G EOMAP sys tem. Since 19 71 G EOMAP has been tes ted in th e fi e ld , a nd the G eo logica l 
Survey has a lso sha red so me o f the ex penses for its deve lopm ent. However, a few practica l 
difficulties have a risen, th e mos t problem a tica l o f which a re machine depend ence a nd differences 
in hardware. G EOMAP was developed on Contro l Da ta and IBM machines, but the G eological 
Survey of Finla nd has a Hewle tt-Packa rd unit. The d a ta have to be p rocessed in Sweden, which 
is hig hl y imprac tica l when experimenting on a la rge sca le with a fi eld d a ta sys te m' The situa tion 
will pro ba bly be improved by empl oying a programmer and a system s a na lys t in the mapping 
department, thus a iming a t the full coordina tion o f the computer p rocess ing of geoscience da ta 
a t the G eologica l Survey. 

A committee a ppointed by th e Research Council of the Minin g a nd Meta llurgical Socie ty of 
Finl and to review the use o f ADP in geo logica l mapping in Finla nd should a lso be mentioned. 
In the committee report (da ted February 1973) so me technica l reco mm end a tio ns o n th e input a nd 
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storage o f geo logica l fi e ld da ta were made. However, the idea o f a na tional system was rejected 
fo r the tim e bein g. 

This is, in sho rt, the present sta te o f geo logica l fie ld da ta sys tems in Finland . 

Present and Future Problems 

A few remarks o n the experi ences a nd pro blems o f using geo logica l fi eld da ta sys tems may be 
a ppro pri a te. These rema rks are made fro m the point of view o f a fi e ld geo logist working in 
Preca mbria n ter rain where less th a n 4 per cent o f the bed rock is exposed . 

I. It see ms th at the so lutio n of how da ta are recorded on the outcrop is crucia l fo r a ny geo logical 
fi e ld da ta sys tem. Present techniques demand tha t the fi e ld geo logist transla te his concepts 
a nd termino logy into codes or o ther form s o f "computer language". It must be po inted out 
tha t the use o f coding a t this stage ma nifes tly interferes with the very p rocess o f the geologist 
ma king a nd no ting his o bse rva tio ns. Geologica l lang uage a nd vocabula ry a re stringent and 
purpose ful , a nd genera ll y interna tiona l. A sys tem tha t a ttempts to brea k down the entirety 
of accumula ted scienti fic ex perience a nd defi nit ions tha t constitute the geo logica l voca bulary 
ca nno t work. 

2. In geo logica l fi e ld wo rk , each regio n prese nts its special pro ble ms a nd de ma nds an 
" indi vidu a l " a pproach. Thi s is true no t o nly for th e ge nera l phys ica l conditio ns but 
especia ll y so for th e geo logica l millieu. The problems a nd concepts o f research in the 
Preca m bria n, Pa leozo ic, Mesozoic a nd Qua tern ary a re simila r but far fro m identica l. 

3. All geo logica l fi e ld work , in wh a tever contex t it is per fo rmed , has a ce rta in purpose. This 
pu rpose leaves its fi rst clea r marks, wheth er intend ed or not, on the recording o f da ta. 
G eo logica l fi eld work is a lways projec t-oriented in one way or o ther, a nd geo logists tend to 
be specia lized , for exa mple, in pe tro logy, stra tigraphy, structu ra l geology, pa leontology, etc. 
This necessa rily leaves its mar k o n the fie ld work. It sho uld , moreover, be borne in mind that 
as bo th the pu rpose itse lf a nd the methods of achieving this purpose may cha nge considera
bly in the course o f the fi eld wo rk , fl exibility of the sys tem is imperative . 

Poi nts like these have to be considered when trying to design a geo logic fi eld da ta sys tem tha t will 
work . A geo logist 's way o f thinking in te rms o f interpola tio n a nd extrapola tio n with his da ta does 
not a lways agree with the logic o f the computer, but one could hardly accuse the res ults of 
geo logica l fie ld work o f being illogica l. It should be remembered th a t a geo logica l ma p is read in 
th ree physica l dim e nsio ns, with a tim e dim ension add ed , but th a t the inform a tio na l units 
co nta ined are counted by th e dozen o r more. G eologists tend to reshape methods a nd tools they 
borrow fro m o ther branches o f science to suit geo logy and the earthy habits o f geologists. The 
fl ex ibility a nd ca pacity o f computer techniques are certa inly grea t enough to tra nsform ADP into 
a use ful too l fo r field geo logists. We sho uld soa k the computer with the logic o f geology, rather 
tha n computerize th e geo logist. 

Reference 

G aa l , G . , a nd Suo ko na utio , V. 
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Selected geological field data systems in Canada: A brief description of their 
capabilities and objectives 

.W. D. McRitchie 
Department of Mines, Resources and 

Environmental Management 
Geological Survey Section 
993 Century Street 
Winnipeg, Manitoba R3H OW4 
CANADA 

A number of systems now exist in Canada for the machine-processable col lection, storage a nd 
retrieval of geo logical field data. 

The brief description of some of the sys tems presented here is largely based on presentations made 
at meetin gs of the N a tional Advisory Committee on Resea rch in the Geological Sciences 
(NACRGS )-appointed Working Group on Geological Field Data, and from replies received in 
response to a questionnaire that was distributed to the members of this working group. 

The systems have been grouped for convenience of discussion on the basis of their geologica l 
objectives in to those required for: 

I . Regional Mapping Programmes 
2 . Detailed Stratigraphic Studies 
3. Subsurface drill / well hole corre lation 
4. Mineral exploration, property examina tion and detailed mapp111g. 

Regional Mapping Programmes 

Some idea of the scope of these projects and the nature of their limitations can be gained from 
Table I. 

In nearly a ll such programmes definitive coverage is precluded by time and budget restrictions. 
The geologist must work with data col lected from discrete points or stations augmented by limited 
continuous profiles obtained a long the lines of the ground traverses. The quality and intensity of 
the data points varies from continuous traverses spaced at 112 km interva ls to isolated sta tions 8 
km apart. 

The task is such that the geo logist is confronted, in an exceptionally reduced time spe ll , with 
considerable problems of standardization, consistency and data volume saturation. 
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Table 1. Summary of Canadian field data projects using computer techniques 

Project / Orga ni za ti on 

Coast Mountains Projec t 
(GSC Vancouver) 

Grenville Proj ec t 
Superior Projec t 
(Quebec Dept. Nat . Res . ) 

Proj ect Pioneer 
Burntwood Projec t 
Southern Indi a n Lake 
( Manitoba Geol. Survey ) 

orth ern Appalachians 
(New Brunswick Min . 
Resource Branch ) 
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Area Covered 

43 OOO sq . miles 

12- 15 OOO sq. miles /y r. 
4 OOO sq. miles 

I OOO sq. mil es 
7 500 sq . mi les 
6 OOO sq . 111 iles 

') 

Term 

10 yrs. 

6 y rs. 
co ntinuing 

3 yrs . 
3 yrs . 
2 yrs . 

co ntinuin g 

No . of Geo logis ts 

2- 8/yr . 

12/ yr . 
9/ yr . 

12 /yr. 
7/ yr. 

20 / yr. 

24 / yr. 
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Figure 1. Fi eld documen t (a) and chec klist (b) currently being used by the Manitoba 
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In res ponse to a co mmo n need for within-projec t stand ardi za tion, a need to control and guide 
their ass ista nts' da ta ga thering. and a very grea t need to work rapidly with large volumes of new ly 
collected da ta. a number o f free and fi xed format fie ld da ta co ll ection doc um ents have been 
deve loped. 

These documents a re p rinted ahea d of the fi eld season and used in conjunction with check li sts on 
which th e va rious da ta para meters are coded. Th e current Manitoba for ma t is illu strated ( Figure 
I ) as an exa mple ofa typica l docum ent in which the da ta items are kept se para te fro m a Aipshee t 
chec k list. Seaso na l assista nts are briefed in the use of the documents a head of the fi eld seaso n and 
their working efficien cy monitored during the ea rl y wee ks of ac tu al use. The docum ents are 
co mmonly verifi ed eith er wee kly or a t th e end of the seaso n and are submitted for key-punching 
subjec t to scheduling with the respec tive co rn pu ter fac ilities. Ma chine process ing of th e tra nsferred 
da ta is conducted using both punched cards and tapes. 

In Manitoba a ft er the documents are returned fro m the co mputer ce ntre th ey a re bound into 
compact note boo ks holding 200-250 docum ents. These boo ks are used ex tensively th erea ft er by 
the project geo logists a nd ca n be stored conve nientl y. 

The Manitoba sys tem is typica l of many in th a t it makes poss ibl e. after initi a l da ta ve rifica tion. 
edit and corrective procedures: 

I. XY plots o f structura l. pet ro logica l or other parameters on se lec ted coordin a tes a t any 
sca le; 

2. A va riety of sta ti sti ca l pl ots. 

Additional program s have a lso been written or adopted fro m outsid e pac kages to handl e input 
fro m geoch emica l fi eld docum ents, chemica l and 1i1odal analyses . and spec ifi c grav ities. Output 
consis ts of a variety of norm ative ca lcu la ti ons and oth er petro logica l parameters. At the present 
time the Manitoba sys tem lacks both fully developed free fo rm a ted note reca ll and search 
ca pability and a full y a uto mated ca rtogra phic output des igned fo r th e production of fi na l maps. 

Detailed Strat igra phi c S tudi es 

Peter P. Dav id (U niversite de Montrea l) and Jacques Lebuis (Quebec Departm ent of Na tu ra l 
Resources) have des igned a sys tem for the stand ardized recording of co mple te stra tigraphic 
inform ation. Their sys tem LEDA is exceptiona ll y co mprehensive ye t fun ctional, giving a level of 
da ta far beyo nd th a t poss ible in the reg ional mapping progra mm es. Loca liti es reco rd ed fro m th e 
Quaternary depos its in the Ste. Anne des Monts region. G aspe. in a sin gle season are num be red 
in hundreds ra th er th an th ousa nd s. The sys tem. described as bein g use r- and computer-orien ted. 
co mprises seve n cards on which groups of rela ted para meters have been com piled ; e.g. card se t I. 
loca lity specifi ca tions; ca rd se t 2. unit descritio ns; ca rd se t 3, lith ology descripti o ns a nd 
orienta tion, etc. The number o f card s within any one se t ca n be varied as required. The sys tem ca n 
be used to cover nea rl y a ll un fo resee n poss ibiliti es a nd wee kl y verifi ca ti o n procedu res a re 
considered o f prim e importa nce. 

Subsurface Drill / Well Hole Correlat ion 

A dozen or mo re sys tems des igned to such applica tions a re now opera ti onal in Ca nada . Most are 
referred to in CODATA Bu lletin 8( 1972). Two additional sys tems includ e those of Mobil Oil 
Ca nada Ltd ., and o f th e Geology Division of Alberta Research ( form erl y Resea rch Council of 
Alberta) . 
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Mobil 's ma in co nce rn li es with subsur race data rro m o il we ll s. but th ey have a lso used 
co mputeri zed techniques fo r ma pping surrace expos ures in th e Arcti c. Mobil 's da ta are merged 
with da ta rro m the fi le o r Ca nadian Stra tigraphic Se rvices Ltd . which is pertinent to th eir interes ts 
in specific hori zo ns. The mos t impo rta nt techniqu es are th ose o r f~tci es ana lys is usin g a Ca lco mp 
Aatbed plo tte r ror th e fin a l output. 

The Alberta EDMAT da ta fil e was es tabli shed as pa rt o r a n urban geo logica l study or borehole 
and outcro p da ta in th e Edm onton a rea . Rapi d map producti on is now poss ibl e rro m stra tigra phic 
borehole da ta coded in a fi xed fo rma t. 

Mineral Exploration, Property Examination, Detailed Map1>ing 

The rull y run cti onal Rio Tinto ( R.T.) Sys tem was es tabli shed to handle da ta rro m a ll poss ible 
geo logica l enviro nm ents. Th e ex treme Aexibility or the rree-rorm at sys tem is one or its mos t 
a ttracti ve face ts. Within a ny one fil e th ere a re a number or da ta RECORDS (s ta tions). each or 
which co nta in s a number o r da ta SETS broken down into fixed sequences or PAR AMET ERS . 
Additi o nal S ETS ca n be se pcifi ed as required a nd th e PARAM ET ERS fi e ld s ex pa nd ed o r 
increased in number. depending on the da ta requirement s. Retrieva ls ca n be made ror a number 
or sta ti sti ca l a nd gra phica l manipul a tions. At prese nt. Rio Tinto has abo ut 30 key (SET ) wo rd s 
which can be used to describe a lm os t any geo logica l obse rva tion. A th esa uru s o r a ll owa ble term s 
a nd within -project s ta nd a rd iza ti on processes ensure a ma intenance o r data co mpa ta bility. 
G eoc hemica l da ta a re recorded in fixed-form at but is cha nged to rree-fo rm at fo r p rocessing by th e 
co mputer. G eo logists wo rkin g in a reas with which th ey a re a lready ramiliar preprint the da ta SET 
ca tegor ies as check li sts or gu idelines to the type or in fo rm at ion th a t th ey wish th eir assista nts to 
reco rd . 

B.P. Min era ls geologists in Montrea l use a se lr-carbonin g stand ardi zed da ta co ll ect ion doc um ent 
based on a n origin a l dev ised by th e In stitute o r Geolog ica l Sciences in Lond on. A number or 
va ri a ti ons on this bas ic fo rm at have bee n des igned ror spec ifi c ac tiv iti es. Th e sys tem is des igned 
to store a nd li st fie ld a nd ana lyti ca l da ta and fo r crea tin g a tape fil e. pl otting a nd co ntouring a nd 
analyz in g. 

G eo log a nd G eosys tem have been des igned to handle both ex plo ra ti on and deve lopm ent projec ts. 
surrace. open-pit a nd und erground geo log ica l. geoc hemica l and geo ph ys ica l surveys in addition 
to the loggin g or drill co re. cutt ings a nd cl ow n-th e-h ole pro bes. The da ta a re integra ted with the 
topogra phic a nd geo morph olog ica l da ta or th e projec t a reas. Output consists or a va riety or 
graphica l or sta ti sti ca l di spl ays and ma nipula tions. 

Th e G renvi li e Sys tem opera ted by th e Quebec Depa rtm ent o r Na tura I Rcso u rces. or igin a ll y 
developed a t Queen 's Uni ve rsity. is one o r th e mos t successrul fie ld da ta sys tems. It has success rull y 
processed la rge vo lum es or fi eld data ta ken rro m th e co mpl ex meta morphic G renvill e province or 
so uth ern Quebec and enabl ed more effici ent study by resea rch a nd eco no mic geo logists. 

In Ontario a sys tem is bein g developed by the Onta rio Di visio n or Min es ror applica tion in th e 
mappin g o r I / 4 mile to I mil e ma p areas and prese nta ti on o r yea rl y reports. Th e sys tem is 
SA F RAS-based. and i nc l ucl e. a double-s id ed input docum ent. It re prese nts a successrul co ne! us ion 
to efforts which were initi a lly rru stra ted in tryin g to apply the ea rl y comprehensive fi xed- fo rmat 
conce pt s. put fo rwa rd by regional geo logists to deta il ed pro perty exa min a tio n. 

In Ma nitoba th e procecl ures prim a ril y developed fo r Projec t Pionee r and su bscq uen tl y modifi ed 
th ro ugh seve ra I years o r developm ent have bee n fo und to be equ a ll y co rn pa ti hie with th e deta iled 
mappin g or individu al 15-minute map a reas a nd to more regiona ll y direc ted projec ts. 
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In a simil a r way the New Brunswick sys tem has a lso met with consid era ble success in applica tion 
to de tai led mapping projec ts. 

Concluding Remarks 

In general the da ta co ll ec tion docum ents have been mod ifi ed repea tedly over th e yea rs since th eir 
initia l in ception a nd a number of relevant trend s ca n be id entified. 

1. Stand ard s a re genera ll y res tricted to three simple conventions: 

1. Sta ti on numbers a re right-justifi ed num erics: 

2. Pos itions are recorded using Unive rsa l Tra nsverse Merca tor ( UTM ) coo rdin a
tes: zone. eas ting a nd northing: 

3. The strik es of pl ana r fea tures a re record ed as azimuths with dips to the right 
(i ncluding clips grea ter th an 900 ). 

Th ese conventions grea tl y simplify the developm ent of sta nd ard plottin g progra ms to 
handle input fro m a va riety or projects. 

2. Decrease in emph as is in reli ance of fi xed fo rm ats except in applica tion to qu antita ti ve 
da ta. loca tion coo rdin a tes. etc. 

3. Emph as is on ease o r use in fi eld: limited or no duplica tion of entries. 

4. Separa ti on of da ta in to di screte fi e ld s for factu al meas urements, qu alita tive descrip
tions and sketches: this is based on the recognition tha t onl y specific ca tegories of raw 
da ta reliably lend th emse lves to machine process ing in bu lk. 

5. Emph as is on " in house" sta nd ardi za tion as a mea ns to ma kin g the da ta co mpatible 
within th e sphere of th e p rojec t ra ther than a tt empting to defin e unive rsa l standards. 
Docum ents a re des igned to specific projects. 

By using th ese docum ents th e survey geo logist is now able to access and ga in a feel for his da ta 
both ma nu a ll y a nd by a uto mated mea ns with much grea ter fac ility, but th e main tas k o r 
structurin g hi s observa ti ons is facilita ted whether he has access to a co mputer or no t. This is a mos t 
important ac hievement. 

The argum ents in favo ur of machin e- processa ble fil es more oft en th an not revolve around the 
process ing, a rchiva l and reca ll ca pabiliti es or the sys tems but it is equ a lly important to stress the 
grea tly enh anced qua lita tive and quantita tive aspec ts of the da ta gath ering phase and th e ease 
with which the imp roved orga niza ti on of the raw da ta lends itse lf to a hitherto unpara lleled 
opportunity fo r checking and va lidatin g th e raw inform ation prior to subsequent processing. 

The full potentia l o f ma ny co mpleted fie ld da ta fil es is still limited, howeve r, by inconsistencies 
in the more descriptive da ta items. Class ifi ca tio ns evolve th roughout th e fi eld seaso n and too often 
reco rds o f wh en " tona lite" was rena med " diorite" or wh en that funn y pink minera l was fin all y 
identifi ed as and alusite, are not upd ated or even co mmitted to writing. There is therefore a 
fun da mental need to re mind fi eld geologists to record every instance when, as a result ·o r new 
observa tions. th eir ongo ing cl ass ifi ca tions are modifi ed. Th e updating or the existin g fil e ca n then 
be acco mpl is hed ma nu a ll y or by machine, but mos t important of a ll it can be upd a ted or merged 
re li abl y. 
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Computer-based field data files in the Regional and Economic Geology Division, 
Geological Survey of Canada 

T. M. Gordon 
Geological Survey of Canada 
601 Booth Street 
Ottawa, Ontario KlA OE8 
CANADA 

The Task 

Two yea rs ago a stud y was initi a ted in Ottawa to inves ti ga te the use o r computer technology in 
expedi ting th e col lec ti o n. s torage and retri eva l o r geo logical fie ld data fo r the preparation or 
geo log ica l maps a nd repo rts. This pa per will outline the a pproach take n to this project in the 
contex t o r th e Geolog ical Survey's goa ls a nd constraints. 

The Goals 

The Regio na l and Econo mic Geo logy Division or the Geological Survey or Ca nada has as o ne or 
its tas ks the presenta ti o n or geologica l inform a ti o n on I :250 OOO scale ma ps. Much o r th e work 
based in Ottawa invo lves mappin g in Preca mbria n terrain - gneisses. g reensto nes. metasediments 
a nd intrusive igneous rocks . An average map shee t has a n a rea o r 11 OOO km 2 with field work 
norma lly ta king three to s ix month s to co mpl ete. Helicopte r travers ing is used extensive ly, 
resulting in obse rva tio ns with a n average spacing o r 3 km . A sing le geo logist is responsible for 
compiling a ma p and re po rt , a ltho ugh he will have two or three assistants a lso collecting field data. 
The primary users o r the geo log ica l maps a re mining a nd petroleum exploration companies, as 
well as reso urce po te nti a l eva luation grou ps in governm ent, bo th o r who m require syntheses and 
interpre ta tio ns or geo logic da ta rather th a n primary fi e ld o bse rvatio ns. This, combined with the 
reco nna issa nce na ture or th e work . minimizes the requirements for a comprehensive fi le o r raw 
fie ld data. 

The Constra ints 

Geological. The wide va ri e ty or geo logical provinces in the Canadian Shield , each with differing 
litho logies and tec to nic hi sto ry, makes it imposs ible to define a s ta ndard ma ppin g technique. 
Beca use or th e limited tim e ava ila bl e for field obse rva tions. the raw da ta to be co ll ected must be 
chosen to o ptimize th e information th at can be deri ved fro m them. 
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Psychological. Historica ll y, Ca nadia n field geo logists have been strong individua li sts - as might 
be expected in a country where the geo logist was o ften the first scientific observer in unexplored 
wilderness. This a ttribute has bee n susta ined to th e prese nt by th e " projec t a pproach " to 
geological mapping which requires a single scientist to be responsible for a ll phases o f a mapping 
project - from logistic ar ra nge ments to scientific interpretation. The producti on o r a map is thus 
a highly persona l task - with no o ne more qua lifi ed to make geo logica l decis io ns a bo ut the project 
than the scientist in charge. There is thus no practical way to a rbitraril y impose sta nda rd s fo r the 
recording or fi e ld data o n thi s group or field office rs. 

Hardware. The Departm ent of Energy, Mines a nd Reso urces, (EM R ), of which the Geological 
Survey of Canada forms a branch, opera tes its own Control Data Corporation Cyber 74 com puter. 
It is depart menta l policy tha t virtua ll y a ll co mputer work be do ne on this " in-ho use" insta ll a tion . 
This prevents use or so me importa nt comm ercially avai la ble data -base manage ment sys tems 
which a re specific to o th er ma nufacture rs' equipment. 

Software. Th e Regiona l a nd Eco nomic Geology Divisio n does not have its ow n programming 
staff, but instead competes with o ther EM R use rs for progr~mming services provided by the 
departmental Computer Science Centre. Although the qua lity of progra mmin g is good. resources 
are scarce, hence there is o ft en a time lag in progra m development, as well as a problem in se tting 
priorities for various tas ks. 

The Computer Science Centre has insta ll ed a nd is know ledgea ble with severa l genera li zed data 
handling sys tems, including MARS YI a nd SAFRAS. 

The Approach 

Over the past eighteen mo nth s. a series o r pilo t proj ec ts has been underway to assess the use o r 
computer techno logy in ex pediting field ma pping. From the first it was o bvio us th a t the wide 
variety or geo logica l p ro blems and ma pping techniques prec luded th e use o r any "s ta nd ardized " 
input docum ent or file structure. Each project leader desig ned his own fil e a nd sys tem to suit hi s 
pa rticular needs. In thi s way we ho ped to " mimic " what the field men were already doing a nd 
avoid the pit fa ll s of gra ndiose super-sys tem pla nning. This a lso gave us a n ex tremely flexible mode 
or operation with virtually no geo logica l constraints. 

The price to be paid for thi s flexibility was additio nal effort by each individual in lea rning so me 
fundamenta ls o r computer progra mmin g. This required a n educatio na l progra mme designed 
specfically for fi e ld geo logists. Fortunately, we have a n exce llent training o fficer in E MR. 

Two sessions o r a n introducto ry FORTRA course were given . a ttend ed by app rox im a tely 30 
staff members. The course emph asized techniques for ha ndling character-string informatio n and 
input and output - essentia ls to any file-h a ndling system. A total or fiv e days, spread over two 
weeks, was required for the course. At the completion o r the course. the students were capable or 
writing programs to ed it, re trieve, and li st da ta fro m their files . At the very leas t, they had become 
aware or the powers a nd limi tat ions or computers a nd prog ra mmers. 

Although there are several "genera lized data-base ma nage ment " sys tems ( including SAFRAS 
and MARS VI) available to the GSC, it was decided tha t the best initia l approach to field da ta 
files is to construct a card-image " fixed-form at" file. Beca use fie ld da ta a re norm a ll y co ll ec ted on 
preprinted checklists, the presence or a bsence of " free-form a t " capa bility is irreleva nt. Highl y 
structured card-image files have the adva ntage o r being upward-co mpa tible with a ny future 
developments in d a ta handling. We have, in fact , develo ped methods for transferring these files 
to the MARS YI sys tem and using the data validation and retrieval capabi lities or MARS . 
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This approach is resulting in a convergence of fil e designs a nd so me de facto "standardiza tion " 
of fi le structure. Mos t files contain a maximum of three distinct card formats. corresponding to 
lithologica l, structi.ira l, a nd free- text data. A single field in a ll ca rd s contains the station number. 
while a separa te fi eld identifies the form at type and . if necessary. the sequence number of that 
particu lar card. Such a fil e is eas ily converted to fix ed-length records on tape or disc usin g in-core 
read and write sub-routines. 

" Stand ards" in th e da ta itse lf are confined to three sim pie co nventions. Station numbers are 
right-justifi ed num erics; pos itions are reco rded by UTM zone. eas tin g. and northing; and the 
strikes of pla nar fea tures are reco rded as azimuths with clips to th e ri ght. These conventions 
grea tl y simplifi ed th e develop ment o f a stand ard plotting program to hand le input from a variety 
of projects. 

Work is continuing to develop ge nerali zed utility progra ms to provide fi eld officers with use ful 
report a nd gra phic output from their da ta fil es. We hope tha t by involving individu al scientists 
a t a ll stages o f devel opment we will a ttain a use ful and prac tical "sys tem " for Geolog ical Survey 
of Canada mappin g projects. 
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Sub-Area Retrieval System (SARS) used on the Coast Mountains Project of the 
Geological Survey of Canada 

W. W Hutchison and J. A. Roddick 
Geological Survey of Canada 
100 West Pender Street 
Vancouver, British Columbia V6B 1R8 
CANADA 

In la te 197 1 th e Geo logica l Survey o f Ca nada initia ted a progra mme o f pilo t projects to eva lua te 
the usefulness of co mpute r- based techniqu es fo r co ll ection, sto rage a nd ma nipul a tion o f geo logic 
fi e ld da ta a nd in fo rm a tio n. T he fo ll owing is a descriptio n o f the mos t highl y evo lved o f these 
projec ts. 

The sys tem used in the Coas t Mo unta ins Project had been in exi stence since 1965, ( Hutchison and 
Rodd ick. 1968 ). Maj or evo lutio na ry s tages in this sys tem have been: 

1965 -

1969 -

1970 -

1973 -

Co mpute ri za ti o n of limited a mo unt o f fi eld da ta 

Plo tting o f s trik es a nd dips on sta ble base to go directly to the printer 

Use of free tex t to co mpleme nt da ta (a ll da ta and ha ndwritte n no tes were 
keypun ched a t a cos t or 2 per cent o r field bud ge t ) 

Co mpil a ti o n ( us in g intera ctive te rmina l ) by ins ta nt ly re tri evin g the 
co mpl ete da ta base for a map-un i t sub a rea a t o ne co mm a nd a nd by 
inte rroga tio n. da ta reduction a nd synth esis o f th e genera ted sub- file . 

For the fi eld geo logist the las t two s tages o r evolution we re the mos t be ne fi cia l. Beca use these a re 
po tenti a ll y impo rt a nt a nd fund a menta l a nd beca use th ey are commo nl y lacking in systems 
developed to da te, thi s re po rt illustra tes th ese aspects as a n exa mple o f one pilo t project of the 
G eo logica l Survey o f Ca nada. 

Coast Mountains Pro_ject 

T he Coas t Mo unta in s Project o f th e G eologica l Survey o f Ca nada was se t up in 1962 to co nduct 
geo logica l reconna issa nce ma pping o f the Coas t Mounta ins in British Columbia fro m la titud e 56° 
N to Va ncouve r ( nea r 49° N). Th e a rea compr ises abo ut 43 OOO squ a re mil es ( 11 0 OOO sq . km .). 
So far da ta a nd in fo rm a tio n have been co ll ected fo r 25 OOO sta tio ns a nd 25 OOO specim ens. This 
in fo rm a tio n perta in s to poss ibly the la rges t pos t-Preca mbria n pluto nic co mplex in the world so 
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Figure 1. Typica l input documen t fo r geolog ica l field data. Th is sheet cor responds to lines 
with asteri ces in Fig ure 2. Note, however, th is documen t does not co ntain 
petrog raphi c data which was merged and added into field data fil e as shown in 
Figure 2. 
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it was decid ed some effort should be made to sys tematica lly synthes ize th e vas t qu antities of data 
and informa tion and mainta in these fo r furth er study. 

Evolution of System 

Th e developm ent of th e sys tem is documented in Roddick a nd Hutchiso n ( 19 72 ). 

Current System 

Input. The prese nt sys tem using pre-printed check shee ts using stand ard 80 co lumn ca rd s is still 
in use (see Roddick and Hutchiso n. 1972. fo r codes). An exa mple of the current fi eld sta tion input 
docum ent (Figure I ) is show n to illu stra te the much grea ter a llowa nce now made fo r recordin g 
free text. Sta tion loca ti ons are meas ured a t base ca mp usin g Romer meas urin g grid s on a map 
printed with a Universa l Transverse Merca tor grid. A separa te input document is used for 
petrographic inform ation such as rock specimen da ta. specifi c gravity. min era l abund ances and 
revised rock na mes ( Rod dick and Hutchison, 1972 . Fig. 2 ). 

Editing. Editing is the most tim e-consuming part of this endeavour. Prime inform ation ca n usually 
only be checked by th e fi eld geologist and this results in his being severely hand ica pped. At present 
we do not have a wholl y sys tematic app roach to editin g. 

The three aspec ts of editin g are as fo llows: editing of sta tion loca tions. editing for inva lid codes 
or numbers and sca nning of so me prim e da ta and comments. 

Editing ca n a lso be done durin g retrieva l and this is described below. 

Retrieval. For eco nomica l access to our now la rge mas ter fi le. a sys tem of on-line retrieva l, ca lled 
SARS (Sub-Area Retrieval Sys tem ) was developed to run on th e U nive rsity of British Co lumbia's 
IBM 360/6 7 und er th e MTS ( Michiga n Terminal Sys tem ) operatin g sys tem. SARS. however, 
could be adapted to other compara ble opera tin g sys tems. as the techn iques developed in its 
implementa tion a re applica bl e to more genera l sys tems. 

SARS consists of a mas ter da ta fil e, severa l ancillary fil es. th e on-line retri eval progra m, and fil e 
maintenan ce programs. It includes various fea tures of th e MTS opera ting sys tem. parti cularly the 
fil e-handling capabilities and the MTS editor. 

The mas ter fi le represents a merge of both the station fil e and th e petrographic fil e. It is a 
sequentia l fil e with line numbers rela ted to sta tion numbers. Previo usly developed programs 
permit us to pl ot mos t o f th e hard da ta, such as a ttitudes, dykes, mineral occur re nces. etc., on eith er 
a drum or Aat-bed plotter ( th e la tter bein g used for direc t plots onto a topogra phica l base 
map ). 

To manipula te the in fo rm ation in the mas ter fil e and to retrieve se lec ted parts of it. a program 
ca lled S UBMON was deve loped. This progra m performs opera tions on th e mas ter fil e co nsultin g, 
wh ere required, a fil e call ed ' Subspecs'. which co ntains a li st of sta tions pertainin g to a lith ologic 
unit. This fil e must be prev iously built by the user who se lec ts and inputs th e sta tion numbers. This 
onero us task is so mew hat simplifi ed by a prov ision which makes ra nges of consecuti ve stat ions 
acceptable, a nd could be done entirely by the co mputer in the type of geo logica l work where the 
lithologic unit is known a t th e tim e the sta tions are made. 
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• 74 39-58 TOBA QD-GD 
10022SD0150 04CSP 1 F33090 1 3987005585700RD701Pl2690804078103 
10022GG 2 ALMOST AUGEN STREAKINESS IN PLACES. ONCE EUHED BIOT HAS GONE TO F 
10022GG 3 !NE GRAINED MAFIC PSEU DOMORPHICALLY 
l0023SD0150 05F l 00 X Sl 3976005582000RD701Pl26302 13147104 
10023GG 2 VERY WHITISH LEUCOCRATIC ROCK/SUGARY TEXTURE 
10275SD0150 05F l M33590Sl 397700558JOOOR0701Pl26302151C7304 
l0275GG 2 QM BUT MAYBE INSERTED BETWEEN -"-O~D~A_N~D~G~D~/~QU~IT~E~A~F_EW~S_C_H_L"-'-IE~R_E~N-'--~~-
10274SD0150 33N l E02 G31060Ml 3953805580450R0701Pl277170305754 3 
10274GG 2 DEFINITELY NOT THE GD 
30292SD0156 33C l AME05 G33090 l 3856605588240R0701Pl2711201226543 
30292GG 2 STRONGLY FOL 33 -BUT NOT ALTERED 
30293S00156 33M lFP 2 CV03090 3G29090S3 2 3879205590450R0701Pl2690912166344 
30293SD0156 33M lFP 2 CV03090 3G29C90S3 2 3879205590450R070103291 BA 
30293SD0156 33M lFP 2 CV-0~3~0~9~0~-3~G~2~9~0~9~0~S~3~-,2~~3~8~7~9~2~0~5~5~9~0~4~5~0~R~D~701P22660905CG7724 
30293GG 2 WELL FOL 33/ MINOR SCHLIEREN/ 
30293DY 3 SWARM OF DARK GREEN DY- SYNPLUTONIC W CHILLED MARGINS-SEE 
302930Y 4 PHOTOS/1/3 QC IS FP POSS EQUIV OF PO GRANDO TO W THIS CUTS 
302930Y 5 THE 33 ANO SP DY/ 
30293PH 6 3-2-25A,26A DIKE W CHILLED MARGIN S AND SYNPLUTONIC OFFSETS 
30395SD0156 24"1 --r 00 N 29090 2X H2 3898'00559l-3lOR0701Pl26809l2097044 
30395SD0156 24M l 00 N 29090 2X H2 3898005591310RD70102289 AN 
30395GG 2 CLEA HOMO 24- V MINOR AP VEINS/ALSO V MINOR EP STRINGERS/ 
30395GG 3 DY SWARM WELL EX ON CIRQUE WALL- SOME AS WIDE AS 25 FT-ALSO AL 
30394S00156 24M l AMROl 1290 90Hl 3926805590540R0701Pl2640615l86134 
30394GG 2 CLEAN 24-BUT TX DOES NOT LOOK NORMAL-MAFICS- ANH EORAL 

1210129500150 33N l 00 X Hl 3993005588100RD721Pl274l503156733 
~2101291C02SLP ROCK BECAME DK AND MM LOOKING FOR A SHORT STRETCH SCREEN lOOYD 
'2101291C03BEFORE MAIN CR IN BAY RK BACK TO GOOD OD 
~210129GG04CLEAN 33,NO INCL VISIBLE, NO FOL/ 

210130S00150 33N 1 E34590 l 3973505587650RD721Pl2691512155844 
2101301C02PASSED SUDDENLY FROM "IASSIVE OD INHl EXTREMELY EL ONG AGMATITE SCHL 

~-2-101301C031EREN G~E!S~S~A~N~D~s=c=R=E~E~N~G~N~E"l~S~S~/~E~4~H~A~S~l~N~C~L~U~P~T~O~l~O~F~T~O~R~M~h~R~E~!~N~~~~~~~~~~~~~ 

2101301C04LENGTH 
210130GGC5ATP STRON GLY FOL TO GNEISSIC OD/ CO ARSE PATCHES OF FG MAFICS 
210130SU06THE TRAV SEE"4ED TO PASS DOWN SECTION THRU A THICK SEQUENCE OF IS O 
210130SU07CLINALLY FOLDE D BI HO OTZ SC AND MINOR OTZITE WITr A COUPLE OF ZON 
210130SUC8ES OF GRANITOIO RX/ SOME OF THE METASEDS AR E LIMY, SOMF LAYFR S DIOP 
210130SU09THAT SEQUENCE I S UNDER LAIN BY ABOUT 40\m"FTl'fF"""Lllllbl TH AT CON5~~~~~~~~~--~~~~~-
210130SU12LARGEL Y OF OD OR GD CLASTS UP TO 3F T ACROSS IN A LT GRE Y SCHISTOSE 
210130SU13ARKOSIC MATRIX IN WHICH BI OT ANO )MALL GARNETS HAV E GROWN/ TH E CLA 
210130SU14STS ARE SOMEWHAT STRETCHED BUT HAVE NOT DEV ANV INTERNAL FOL/sTRON 
210130SU15G FOL IN MATRIX ~FNDS AROUND CLASTS/ WE PASSED NEXT INT O on THAT 
210130SU16MATCHES THE CLASTS,SUGGESTING AN UNCON FORMITY/ BE TW 129 AND 13 0 I S 
210130SU17A 4 5COOFT WlnE ZC.NE OF SPECTACULAR EL AGM ANO SCHLl~G~N~E~15~5~~--~~~~~~~~~~~~ 

210i31TD0016JUNE 9/ TOBA INL ET UNCONFORMITY HUNT " CON T OF TR 15/ R.T./ CA VU 
210131S00150 33N l AMRO l FCOC90Sl 39975055B82COR0721P1278?002C96931 
2 Ol31APO 9 2K 40 9 
2101311C03FROM GOOD CONG L NE OF )TA 12 8 TO HERE WE HAVE EXAMINED TH E OTCP 
2101311C04CLOSELY,WALKI NG PART OF IT/ CONG SE EMS TO EX TEND TO THIS S I DE OF 
210131IC05l28, BUT IT BECCMES VERY DEFl'TCULT TO RECOGN I Z EtrFCAU51:MAIRTJ<A~--
21013 l I C06CLASTS ARE OF SA"IE MATERIAL, AND ON LY ON CER TAIN W SURFACES CAN 
2101311C07CLASTS BE DISCERNED/ WOULD TE~ D TO PUT CONTACT I N NO OTCP ARE~ BF T 
2101311C08W TP AN9 CREEK "IOUTH TO NE 
210131GG09ATP CLEAN OD,HIGH QTZ AS IN CLASTS/ V FAINT FOL/ A FEW NEB I NC LU/ 
210132SD0150 43N l AME03 E34090H l 396700558 7150 R072 1Pl 2703C l5134 244 

-- 210132APOZ 9 2K39i65 - - - ----- -- -----------------------
2101321C03FR OM STA 130 TO HERE, SOS WITH SLIVFR AM INCLU S/ 
210132GG04ATP SJS , BU T BIOT OEF DO MI NAN T V NA RROW SLIV EP IN CLU S I ONS/ QD I S 

Figure 2. To illustrate retrieval of complete data base for one sub-area, based on one command, 
thi s is start of listing for sub-area 74 - TOBA QUARTZ DIORITE - GRANODIORITE. Lines with 
asterisk appea r in Figure 1. 
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: m ts r nea 
L!Nt: DELEH:D 
_mts 
tr mean ':l=-d 6=- 74 
#EXECUTION i31:'.G I NS 
#EXECUTION TERMINAT ED 
711 - 14 
> I STN NO I NCL FOL Ht:T SPGR MAF KF? OTZ ROCK 
> 2 
> 3 10022 0 F 2 . 69 8 . 4. 7 . 03 
> 4 10£!23 0 x s 2 . 63 2 . 13 . 14 . 04 
> 5 10274 2 G M 2 . 77 17 . 3 . 5 . 43 
> 6 1 <l275 ;'.) M s 2 . 63 2 . 15 . 10 . 0 4 
> 7 30292 ':l G ? . 7 1 12 . 1 . 2? . 43 
> 8 30293 0 G s ? . 69 9 . 1 2 . 16 . 44 
> 9 30293 0 G s 2 . 66 9 . ':J . 9 . 24 
> 10 3039 4 1 I H 2 . 64 6 . 15 . 18 . 34 
> 11 30395 0 x H 2 . 68 9 . 12 . 9 . 44 
> 12 2 10 129 0 x H 2 . 74 I ') . 3 . 15 . 33 
> 13 2 10 130 0 E 2 . 69 15 . I 2 . 15 . 44 
> 14 2 10 13 1 I F s 2 . 78 20 . 2 . 9 . 33 
> 15 2 10 132 3 E H 2 . 70 30 . 15 . 13 . 44 
> 16 2 10 133 0 M s 2 . 70 18 . 5 . 10 . 33 
> 17 230206 2 E s 2 . 66 12 . 14 . 2 1. 44 
> 18 23<l?01 3 E s 2 . 7 1 13 . 3 . 6 . 43 
> 19 230208 0 F rl 2 . 74 1 ') . 12 . 19 . 24 
> 20 230209 1 G s 2 . 6R 2 1 . I 7 . 12 . 24 
> 2 1 2302 10 0 f: s 2 . 65 7 . 13 . 12 . 44 
> 22 2302 12 0 M s 2 . 69 9 . 3 . 1 7 . 43 

23 2302 13 ':l F /~ 2 . 8 1 2 I • 0 . 2 . 2 
24 2302 14 1 x 2 . 8 4 22 . 0 . 2 . 32 

> 25 2')01 33 0 M M 2 . 66 10 . l «'.l. 12 . ')4 
> 26 250 134 20 M 2 . 68 l ':l . 15 . 12 . 4 4 

27 2'.>0 1 35 8 F w. 2 . 6 4 10 . 2<l . 12 . '::>4 
> 28 250 136 5 M M 2 . 68 15 . "· l <J . ':J3 
> 29 
> 30 l./.EAN OF 26 ST ATI ONS 2 . 70 13 . 9 . 12 . 
#END OF F !LE 
#( 

LI NE De LETED 

Figure 3. Th is is a tabul ar summary of mai n features of this sub-area. (Abbreviat ions: STN No = 
station number, INCL = in clusions in percent of outcrop, HET = outcrop heterogenite - H = 
homogeneous, S = slightly heterogeneous, M = moderately heterogeneous, SPGR = spec ific 
gravity, MAF = to tal mafic minerals, KFP = potash feldspar, QTZ = quartz , ROCK = rock name -
firs t digit is hornbl ende / biot ite ra tio, second digit is 3 = quartz d ior ite, 4 = granodio rit e. 

LINE DE " D z ed - s7 '( 
Teo l 8 
Tm9agn [ t.f_il e ' dy ' 
: 30293DY 3 SV.ARM OF DARK GREtN DY - UTON IC ii CH I LLED MARG l i~S - SEE 

30293DY 4 PHOTOS /1/3 OC EQUIV OF PO GR ANOD'TO tl TH I S CU T S 
30293DY 5 THE 3 DY / 

: 230207DY GREEN SC DYKES FORM 3( SCRf:ENS / LOCALL Y THl:Y ARE CROSS 
DY06CUIT I NG 

I 23<l209DY06A MPHIBOLITE DYKE SWARMS ARE CO.l\MON THl:i GENERALLY HAYE A One 
0 4N DY ES ARE NOT SYN ~LUTON I C BUT ARE PREMETA . } 

230209DY0/CONS I STENT TREND BUT COMMONLY CROSS CUT THE OD LOCALLY THEY 
2302<'.l9DY08FORM A STOCK tlORK HUT NOTE THE DYKES AND THE PL UTON I C ROCK HAYE station 

r 23.0209DY09BOTH BEEN META . TH I S PLUTON I S PROB PRE ONGL 
2302 10DY0bDARK GREEN AM DY ARE COMMON THEY Gt:NERA LL Y FORM SWA RMS AND 

r 2302 10DY09MAKE UP 10 ( OF OTCP 
1 2302 12DY0 7Hi0 AGES OF DY PART IALLY GRAN I TIZ ED DY THEN YOUNG'° 
r 2302 I 2DY08 AN DYKE SWA RMS SUCrl AS AM?H IBOL !TE JN SPECD ESE DYKES DO 
: 2302 12DY09NOT HAYE CH ILL ED MA RG IN S I NSTEAD F I NE r ED SCH I STOSE MARGNS 

2'::>0 1 33DY05 AN DES !TE TH AT NOW HAS A' FOLi A TIO Eli BL I IW AN AM PH'30 L !TE 
r 250 134 DY05S FRACTU RES ALONG SIDE OF THEY I N TH I CKNESS FROM 6 I NCHES TO 
r 2'::>0 1 34 DY065 FEET/ TH t Y WEATHER DARK GRA Y%SOOTY COL OR </CH ILL MARG I NS 

250 I 3'.iDY06ANDES ! TE / SLI GH () WITH MUCH EP I DOTE " CHL/ SMALL PEG YE I NS I'< I 
2':l0 13'.>DY07TH FRAGMEN - D I KE ROCK ARE A LATER CROSSCUTT ! NG FEATURE 
25<l I 36DY<J 4 oLA C GREEN WEATHER I NG/ MUCH EP IDOTE " CL/ MAKES UP 40 < OF OT 

1 250 136DY0 ERE / TREN DS ~E RE SAM E AS PREVIOU S ST AI 
I } 

Figure 4. 
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LINE DELETED 
zmgagnl /file ' su ' 
1 2 10 130SU.2l6TH E TRAY SEEMED TO PASS D01'1N SECTION THRU A THICK SEQUENCE OF I SO 

2 10 130SU07CLINALLY FOL DED BIHOCHZ SC AN D MINOR OTZITE r'IITH A COUPLE OF ZON 
2 10 I 30SU.2ldES OF GRAN I TO ID RX/ SOME OF THE MET AS EDS ARE LIMY , SOME LAY ERS D JOP 
2 I .il I .30SU09THAT SEQUENCE I S UN!Jt:RLA IN BY ABOUT 4 000FT OF CONGL THAT CONS 1 ST S 
2 10 130SU 12LARGELY OF OD OR GD CLASTS UP TO 3FT ACRO SS JN A LT GREY SCH I STOSE 

1 2 1<l l 30SUl3ARJ\.OSJC MATR I X IN l'I H ICH BIOT AND SMALL GARNET S HAVE GROWN/ THE CLA 
2 101 30SU I 4STS At?E SOMEWHAT STRETCHED BUT HAYE NOT DE V AN Y INTERNAL FOL/STRON 

1 210130SUl5G FOL JN MATRIX BE.~DS AROUND CLA STS/ f1 E PA SSED NEXT INTO OD THAT 
1 2 I 0130SU I 6MA TCHES THE CLAST':i , SUGGEST I NG AN UNCONFORMITY I BETl'I I 29 AN D I 30 IS 

2 10 130SU I IA 45 000FT f1JDE ZONE OF SPECTACULAR EL AGM AND SCHLIE'lEN GNEISS 
1 230208SU I 2AGMA ITE 11 D OR !TE 123 ON MI ES RA I 124 126 A PI 
1 23020dS U l 3APLITIC GD/ 127 132 DARK MAFIC PHASES DIOR/OD VAR I ED AGMAT 

230208SU l 4THEN SHEARED v STROl~GLY SHEAR FOL GRANOD THEN v SME 
1 230208SU15ALMOST LIKE ARKOSJC MATRIX 

230208SU I 6NOTE JI MS GR A NOD I 28 I S EDNET ICAL TO CL 
230208SU I /FOUND JN CONGL . / NOTE ALSO JIM S PR GD 

1 230208SUl8%IE H I S 3 SAMPLES ARE SIM TO SECTION< 
250 1 36SU02LL FOL I A TED Is FOUN~-=:;;;.c""'J ""Ti>H,,_,E,__,E'""N'""D~\'i;';A-'iS--:-A~S"HErA""R"'E"'D"P"I.-.r..--. ...... "'"""----,.,,.,---

1 250 136SU03THOGNEJSS %GRANOD < 0 SHEAR I NG OF ANDESITE DIKES JS NOTEE 
1 2:i0 136SU04D FEATURES W HE ELONGATE AGMATJTE ZONES AT STA 12 1 11 132 11 TH 

250136SU05E DIKE AT STA 134135 
250 136SU07T AVERSE BEGAN AT SNOUT PT WITH A SLIGHTLY FOLIATED OTZ DIOR! 
250136 E/ TH I S CONTINUED FOR J STATIONS/ NEXT STATIONS WA S A FINE GR PI 

6SU<J9NK APLITIC FOLIATED GRANOD/ UNTIL STA 133 OTZ DIORITE DJORITE WEL 

Figure 5. Retrieval of traverse summaries through searching two-letter subject code SU in 
columns 8 + 9. Note tha t first 1 0 lines could be almost read by someone not 
familia r wi th the system. 

mts 
LINE DELETED 
zrnts 
/led - s74 
Tsua4nl /file ' conq l ' 

2 l0130SU09THA: ~I: UE;•cE JS Ui lJt:RLAIN BY AoOUT 4 <J00FT OF CONGL TrlAT COi<S I STS 
2 10 13 1 ! ~03FRcn, vOO~_CONGL NE OF STA 128 ro H::RE rli:: HAVC: EXAMIN t:D THE OTCP 

1 2 1<l l33 GG06D I ST LA RG:: PATCHl: S/ 'lESl:MHU:S CLA STS IN CONGL / 
2J02•<li.1S Ul7FllUND 11' CONGL./ !Wfl:: ALSO Jl.\\S PRi::CONGL GD JS V S I/I TO 30?07 
2J<l209GG04TO CLA STS rn COt\GLO.\\ERATE FOUND YC:STER!JAY , 
230209DY 091:HJTH i3C:EiJ /.\ETA . TH I S PLUTON I S p ROFl PR ECONGL 

Tmts 

Figure 6. Retr ieval of all commen ts on cong lomera te through sea rching everywhere in each 
li ne for the character string "CONGL" 
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The subspecs file perm its listing o f' a ll informa tion co ncernin g a rock unit or specific types of 
inform ation can be retrieved by simple charac ter-s tring sea rch es. Conditional sea rches require 
short FORTRAN programs. as do calculations on certain specifi ed data and th e production of 
special tables. 

Considerabl e progress has been made in deve lopin g editing routines. but a general , verification
ed it ro utin e is not prese ntl y opera ti ona l. The SUBMON program was developed with file 
mai ntenance in mind . Editin g ca n be done on any sub-file retrieved. Th e correc ted data a re then 
co nsigned. by one command. to an update file. Befo re sea rching the mas ter fil e, the progra m goes 
first to an update fi le and if it finds th e stat ion in ques tion. then it bypasses the mas ter fi le 
con tainin g th e un cor rec ted da ta. When th e upd ate file is la rge enough, it is incorporated into the 
master file ( the progra m to do this. however. rem ain s to be written). 

Use of SARS. The basic concept o f SARS is th a t it a llows th e field geo logist to mimic the 
procedure he wo uld no rm all y use in compilat ion. Th rough SARS he may retrieve the complete 
data base for any map unit or sub-area as part of th a t map unit. He can then interrogate the 
sub-file for a ll data and comments concerning such topics as lith ology, mineral ogy, structure , 
grade of metamo rphi sm. migmatites. dykes. relationships to other units. etc. From this point he 
can summ arize the data. ed it the da ta or map boundaries and then re-compile rapidly. The 
technique is basica ll y very powerful , fa st and fl exib le. Fur thermore. it conta ins the logic of a 
ca rtographic a nalys is sys tem. 

Examples o f' retrieva l fo llow. Figure 2 illustra tes the start o f the retrieva l of the comp lete da ta base 
for a ma p unit. na mely the TOBA QUARTZ DIORITE - GRANODIORITE, a nd Figure 3 is an 
exa mpl e of th e tabul a r summary o f the main fea tures of this sub-area. Comments on dykes se lected 
by retrievin g on DY in co lumn 8 are li sted in Fi gure 4. Inter-s tation co mments appear in Figure 
5 and illustra te th e va lue of such tex tural informa tion which would be los t using codes a lone. 
Charac ter-strin g sea rches anywhere within free tex t a re a lso poss ible (F igure 6 ). 

Conclusions 

The foll owin g conclusio ns continue to be va lid . (a) The sys tem requires less time on outcrop; ( b) 
less inform a tion is los t through illegible handwriting: (c) consistency of reco rding information is 
grea tl y improved beca use the preprinted shee ts serve as checklists; and (cl) ma nipul a tion and 
displ ay o f geo logica l da ta can be accomplished in many more ways, both fo r ana lys is and 
publica tion, th an has hitherto been th ough t practical. 

Efficiency is grea tl y red uced by tim e consumed on editing of input da ta, by progra mming efforts 
on part of geo logists and a deceptive amount of effort required for file and data-base manage ment. 
Hopefully th e pitfa ll s and progress of thi s project will increase the efficiency of successor projects 
of thi s na ture. 
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Application of DASCH system to geological field data and documentation files of 
the Geological Survey, Federal Republic of Germany 

R. Vinken 
Niedersaechsisches Landesamt 

fuer Bodenforschung 
3 HANNOVER - BUCHOLZ 
P 0. B. 2301 53 
FEDERAL REPUBLI C OF GERMANY 

The co mputer-based sys tem for geo logica l fie ld da ta currently in use at the Bundesans ta lt fu er 
Boden fo rsc hun g ( Federa l G eo logica l Survey) a nd th e iede rsaec hsisc hes Lan desa mt fuer 
Boden fo rsch u ng ( Region a I Geo logica l Survey of Lower Saxo ny) co rn prises the three co rn ponen ts 
described below: 

Recording System for Geological Field Work Data 

The first step towards a utomatic da ta processi ng was to co mpi le a sym bol code fo r a com plete and. 
if necessary, detailed description of geo logica l obj ec ts ( Loo k and Vin ke n. 197 1 ). In fixed sequence 
but in free fo rma t of variabl e length , the sy mbols contain th e descriptions of the fo ll ow in g main 
groups: 

I. Stra tigraphy ( lith o- and bios tra ti graphy; Preca mbria n to Qu aternary. alpi ne and 
non-a lpine term s as used in th e Fede ra l Republic o f Germ any ) 

2. Lithology (sedimenta ry. magmatic and meta morph ic rocks: petrographic 
para meters) 

3. G enes is 

4. Colour 

5. Additional descriptive characters (e.g. tec tonics; structu ra l elements as beddin g types. 
tex ture; paleo ntologica l da ta. etc. ) 

6. Sa mpling 

Besides these main gro ups th ere appea r the usual geogra phica l data . thickness or depth of stra ta. 
auth or, etc. 

Each sy mbol consists of a co mbina ti on of ca pita l and non-capital letters. fi gures and specia l 
ch aracters. T he symbols chosen for th e code have bee n used with slight d ifferences by many of the 
geoscientists of most of the G eologica l Surveys in Ge rm any a nd are kn ow n to th e map use rs. as 
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th ey have hee n printed in a similar way on th e traditional geologica l maps. Th e heirarchy a nd the 
logic of th e symbols fac ilita te memorizing and permit th e prese nta tion of qu a ntita ti ve da ta. 

The code conta ins. a l prese nt. about 4 OOO sy mbols. It is open for a mm cndm ents. additions a nd 
deletions. Th e code was publi shed by th e Federal Geo log ical Survey toge ther with th e Region al 
Surveys. A seco nd edition o r th e code o f 197 1 wil l appear in 19 74. Newly introdu ced wi ll be 
symbols from the fie lds of ma rine geo logy. paleo ntology and enginee rin g geology. 

For practica l work field form s based on th e sy mbol code sys tem have been introduced. The annual 
number of objects docum ented is a t prese nt around 10 OOO. mostl y boreholes fo r mapping 
purposes with a depth betwee n 2 and 25 m. outcrops. deep boreholes or the oil companies and 
some hundreds of boreholes with a depth of so me 100 111 fo r groundwater supply a nd engineering 
geo logy purposes. Th e storage of a ll geologica l obj ec ts of the two Surveys in a sta nd ard ized da ta 
file has been sta rted. 

Up to now th e da ta have hcc n stored on punch cards as data carriers. Fol low in g install a ti on of our 
new co mputer. a SIEM ENS 4004 ( 128 K-bytes) . storage on magnetic ta pe a nd di sc is envisaged. 
The structure of th e da ta on th e da ta carrier has the sa me order as wi thin the field recording 
sys tem descr ibed. Two punch-card formats a re used: The title card ca rri es info rm ation in fixed 
for mat on shee t number. name of geo log ist. outcrop number. coordinates. etc. Th e description ca rds 
carry in free form at the stratigraphic descriptions in th e sa me o rd er as on the field forms: 
strati gra ph y up to sa mpling. and where poss ibl e sa mpling res ults. 

Accordin g to our ex per ience the use o r th e rree format sys tem with a n a lph a num eri c code is an 
absolutely necessa ry precondition to enable the geo log ist to record and to document the grea t 
variety o f geo logica l para meters. 

Documentation and Retrieval System DASCH 

The doc umenta tio n a nd re tri eva l system with the acro nym DASCH ( Dokum en ta ti ons-und 
Abfragesys temfLirSchichtenverzeichnisse. Mundry. 1973) contains 17 subprogram s toge ther with 
about 1200 FO RTRAN commands. The necessary core capacity is 128 K-bytes. Th e progra m
package is rela tively easy to ada pt for different computers: a t present it is running a t a UN IV AC 
11 08 . a CDC Cyber 73 a nd a SI EMENS 4004. 

The docum enta tion part o f DASCH supplies a li st of the sec tions or stra ti gra phic descriptions 
originally written in free format in fixed columns under th e headi ngs: depth interval. stratigra phy. 
lith ology. etc. In addit ion to the li sts. a hi gh-speed printer plots th e di stribution of a ll record s 
listed. A progra m for the decoding of the sy mbols and the printing in free tex t will be a t ha nd in 
1974. This co mplete tex t will enable customers of the Surveys and laymen to read and und erstand 
the res ults more eas il y. 

The second part of DASCH concerns scanninga nd da ta retrieval. The scan co mm ands or queries are 
formed with th e sa me sy mbols which were used for th e description of the geologica l sec tions. The 
structure o f the queries is nearly the sa me as the structure of the fi eld reco rdin g sys tem and as the 
da ta structure on the da ta ca rriers. Therefore it is ra ther easy for each geo logist famili a r with his 
ow n problems to formulate the queries in ord er to reac h hi s goa l. 

DASCH operates seq uen tia ll y. with a first sc ree ning of th e bu I k of data according to shee t number. 
coordinates. author. etc. and is th erefore uscf"ul. Logical operato rs in th e syste m are AND and OR. 
the rela tion opera tors are GREATER THA . LESS THAN and FROM-TO. Th e hiera rchica l 
construction of th e symbols is used in th e sca nnin g for prefixes. For each of th e 6 ma in sy mbol 
groups (s trati gra phy. lithology etc.) up to 20 queries. each consisting of a max imum of 200 
sy mbols th a t ca n be dealt with simultan eo usly. 
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As a res ult o r the queri es . a re tri eval lis t is printed which conta ins the re tri eved stra ti g raphic 
descriptio ns a nd a n id e ntifi ca ti on ch aracter accordin g to the specific ques tio ns. At the e nd a 
sta tis tica l summ ary of the abso lute a nd percentage number or stra ta fo und fo r each query is 
printed. A re port o n th e numbe r o r stra ta no t co nsid ered is g ive n. A firs t plo t shows the 
distributi on o f a ll investiga ted points considered a nd a second one indi ca tes by - a nd + signs those 
bo re ho les o r o utc ro ps w hich have no s tra tum o r a t leas t o ne stra tum which sa ti s fi es a query. By 
mea ns o r th e s ta ti s tics a nd o r the pl o ts th e ope ra tin g geo log ist is a bl e to imm edi a tely control his 
co mm a nds a nd the res ults. Fo r furth er processing the ide ntifi ca ti o n cha racter is coded toge ther 
w ith shee t-numbe r. coo rdina tes . e tc .. in such a way tha t th e use o f pure num e ri cal p rogra ms is 
possible. 

Furth er Processing of General Geological Data Delivered hy DASCH 

Da ta re tri eved fro m DASC H ca n be processed by a number o f ava il a ble ro utines ( Mundry, 
unpubli shed ) as p rogra ms fo r o ne dim e nsiona l sta ti stics. reg ress ion a na lys is. fac to r a na lys is, 
cluster a na lys is. trend sur face a na lysis, etc .. includin g subp rogra ms for pl o ttin g ( Z USE Z 64 
G ra pho ma t ). 

Origin a lly we co nsid ered th e co mpil a ti o n o f a prog ra m-package fo r a ll asp ec ts co nnected with the 
co mpute riza tio n o f geo logica l ma pping as co mpa red with o ur fi eld recordin g sys tem. For furth er 
process in g. however , the requireme nts o f the use rs a re too ma nifo ld ; therefo re a package proved 
imp rac ti ca l. The pre pa ra ti on o r a se t o r spec ia I ized progra ms a nd th e access to ex is ting progra ms 
was unavoida ble. A seco nd a im was to construct geo logica l ma ps by co mputer direc tl y fro m the 
fie ld da ta (o utcro p a nd bo re ho le descripti ons. geo morph ologica l inves ti ga ti o ns) in contras t with 
ca rtogra phic re prod uctio n fo r printin g a ft er dig iti zing ma nuscripts pre pared in a traditiona l 
way. 

A co nto urin g pac kage is ava il a bl e (C D C Cy ber 73. Z 64 pl o tt e r) esp ec ia ll y for g raphica l 
ma nipul a tion. Fo r exa mple. fo r abo ut 30 shee ts a t a sca le o f I : 25 OOO covering the G erm a n 
N orth sea coas t, the iso lines o r th e base or the marine Ho loce ne sediments a re co nstructed and 
plo tted fro m a ll ava il ab le drillh o le descriptions ( Ba rckh a usen. in press). lso pac h ma ps a re fo r the 
to ta l Ho loce ne. Sa nd layers o f the Ho locene fo r the sa me a rea a re in prepa ra tio n and the 
co nstructio n o r fac ies ma ps is in th e pl a nning s tage. 

Other poss ibilities ex is tin g a t the mo me nt for th e g ra phica l represe nta ti o n o r DASC H-re trieved 
da ta ( Ba rck ha usen. 1973) a re the construction a nd plo tt ing o f geo logica l sectio ns directly fro m 
fi e ld descripti o ns, tak ing into acco unt up to four differe nt co mponents (e.g. sa nd , clay, pea t, lim e 
content. o r: sa nds to ne, silts to ne. lim es to ne. cl ay co ntent) . There is. furth ermo re, the poss ibility to 
represent the di s tributio n o f differe nt strata, which in part overlie each o ther, in so-ca lled 
symbo l-po int ma ps. A progra m und er deve lopme nt will lead to the representa ti on of geo logica l 
bound aries in th ese ma ps. Ano th er deve lopme nt res ultin g fro m th e existing progra ms (sections 
a nd sy mbo l po ints) is the co nstructi on o f geo logica l ma ps ca ll ed " p ro fil e- type maps"( Hage man, 
1962) w hich may represent up to I 0 s tra ta overl yi ng each o th e r a nd which fo r lay me n a re more 
eas il y read ab le. th a n th e co nve nti o na l geo log ica l ma ps. which have beco me more a nd more 
co mplica ted . 
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Aarhus University System II 

S. W. Platou 
Laboratoriet for Geofysik 
Geologisk lnstitut 
Aarhus Universitet 
Finland sgade 6 - 8200 Aarhus N 
DENM ARK 

Introduction 

SYSTEM II is an ex per ime nta l data- p rocessing sys tem developed to handle geo logica l fie ld a nd 
la bora to ry data. The sys tem is no t project-orie nted, as a grou p of sta nd a rd para mete rs specified 
for each proj ec t make it poss ible for the sys tem to ha ndle the da ta. The sys te m was o ri g in a ll y 
developed to ha ndl e data from mapping of Preca mbria n rocks in Wes t Greenland a nd during this 
proj ec t the basic recordin g pri nci pies were deve loped ( Pi a tou. 197 1 ). Later th e sys tem was used 
in projects o f th e fo ll ow in g types: Geochemica l prospecting for fl o urite. p ros pect ing for ni ckel 
o res, pe trologica l inves tiga tion o f a ga bbro massif, handling of petrop hysica l propert ies of gra nitic 
rocks , a nd in ma psheet ma ppin g by th e Geological Survey of Sweden , where the sys tem pa rtly has 
re placed the GEOMAP sys tem ( Be rner e t. a l., 197 1 ). 

Programs in System II 

The main sys tem co nsis ts o f 6 progra ms, as show n ;n Figure 1. Two ma in progra ms handle the 
initia l trea tm e nt o f the da ta a nd th e administration o f the projec t pa ra meters. Four progra ms are 
used to so rt. li s t a nd depict the data. Th e progra ms a re written in ALGOL- 60 a nd run on a Co ntrol 
D a ta 6400 co mputer with 32 K (decim a l ) co re s tore ava il ab le to th e user. The p rogra ms in the 
system require 18-28 K core store, of which 8 K is used for th e plo tter sys tem . ALGOL was chosen 
as the progra mmin g la ng uage beca use of better output fac iliti es a nd easier handling of log ica l 
expressions a nd DO sta te me nts, tha n in , fo r example, FORTRAN IV. But to reduce co mputing 
time. so me of the ro utines have bee n written in FORTRA , as co mbined FORTRA I ALGOL 
progra ms can be run o n th e CDC 6400 computer. The computing tim e required fo r runnin g the 
sys tem is ma inly dependent on th e a mo unt of output wanted , for exa mple, sort ing out a nd printing 
of 100 da tase ts fro m a 4 OOO da tase t fil e ca n be done in 4-5 seconds CP-time, o f w hich I second 
is used to loa d the progra m into th e co mpute r, a nd 1-2 seco nds a re used for th e sorting. Th e small 
computing time mea ns th a t the system, to a la rge ex te nt. ca n be o pe ra ted interact ively fro m a 
terminal a nd this is done by mea ns o f a Tektronix 40 I 0- 1 gra phica l di splay termina l. 
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Trea tment of fie ld data in System II. The CPF fil e is crea ted once for each projec t, 
and updated when necessary by means of program 11 -090. The field data is by 
means of program 11 - 1 00 checked for erro rs and transferred to a fi eld data fil e. Th e 
field data fil es are during ac tive use stored as disc fil es and archived on magneti c 
tapes. Prog ram 11 - 1 20 does the major part of the so rting in th e system and the 
program produces lists with the wanted dataset va lues. Data to be plotted on maps, 
treated statis tica lly or plotted in projections is so rted out by means of 11 - 120 and 
stored on temporary fi les. The map plots are done by means of prog ram 11 -130, and 
the maps can be delivered on printer and Calcomp plotter of graphi cal display. The 
stati stical ca lcul ations are done by means of a standard FORTRAN IV program 
li brary. The ori entati on measurements are part ly plotted on maps by means of 
11 - 130 and can partl y be depicted in pro jecti ons by means of prog ram 11 -140. This 
prog ram can produce plo t-of-measurement stereog raphic projec tions, contoured 
stereog raph ic projec tions and can ca lculate great and smal l c ircles and pl ot these 
circ les. 



User Facilities 

The m a in purpose o r deve lo ping th e sys te m was to create a sys te m which co uld accep t da ta or a ny 
type, a nd allow the user to crea te recording shee ts. which from th e use r 's poi nt or view a re as 
effective as possib le. In practice this mea ns that the use r can record what he wants a nd crea te 
recordin g shee ts with ve ry litt le e mpty space. This made it necessary to develop com ple tel y new 
recordin g principl es which part ly ru lfil l th e geo log ist's req uire me nts a nd p art ly m ake computer 
treatment or the da ta effective. This is o n ly poss ib le by a ge nera l use or coding in the datasets a nd 
by using s ta nd a rd recordin g structures. as described by Plato u ( 197 l ). The exte nsive use or codes 
for texts have been fo und to be or m ajor impo rta nce in mak ing possible th e fast computer 
trea tment or the data. None o f the 30-35 geo logists who have used the sys te m. have had a ny 
trouble with th e codes for three reasons: l. It takes less tim e to write a code val ue tha n to write 
a foll text; 2 . The number o r recording erro rs a nd punching er rors beco me very small ; and 3. The 
number or cod es regul a rl y used , during field work. is sm a ll and therero re lea rned during a couple 
o r days field work. 

Labora tory a nd field data a re recorded usin g the sa me princip les and are ha ndled by the sa me 
progra ms. A number or a uxili a ry progra ms a re connected with the sys tem to handle petrologica l 
calcul a tions a nd depicting, for example, tria ng ul ar diagra ms. The field an d la bora tory d a ta ca n 
easily be treated toge ther ; for exa mple. la bora to ry a nd fi e ld data may be plotted in th e sa me 
run. 

It was found necessa ry to be a ble to use coordina tes rrom any coordina te system. mainly to trea t 
data rrom loca l investiga ti o ns toge ther with more ge nera l in fo rm a tio n rro m an area. But to m ake 
the use or coordin a tes easier, a ll coordina tes in the data files are in the sa me system. 

The o utput from th e syste m is: I. Lis ts in which th e use r defines which values it sho uld contain; 
2. Printer a nd pl o tter maps o n which two ind epende nt variab les. one as symbols and the o th er as 
values o r tex t, ca n be depicted; and 3. Various ty pes or projec tio ns with o ri entation measurements. 
The proble m for the user is to choose a n o utput format, because the sys te m contai ns abo ut 35 
comp letely different ways o r depicting d ata . 

Data Managemenl 

The param e ters needed by the p rograms in th e syste m to hand le data fro m a specific p roject, is 
stored in a separa te fi le named the Co mmo n Project File (CPF). The CPF co nta ins ge nera l project 
para me ters, parameters fo r each o r th e dataset va lues in the project. th e tex t co rres ponding to th e 
codes used and the parameters for each or the data files in the p rojec t. 

The CPF is rundamental to th e a bility o r the syste m to do fast p rocessin g or th e vario us data 
groups a nd files in a project. The content or th e CPF a llows the user to stipul a te coordinates, sca les, 
the values he wan ts a nd how he wa nts to depict the data. 

The files trea ted by th e sys te m until now ( up to 15 OOO datasets) have not required reorga ni za ti o n 
of th e d a ta in the files. A reo rga ni za tion see ms not to be necessary as lo ng as only th e geo logist 
him se lr, or the tea m working in a proj ec t, is using th e data. But ir the data are to be a pa rt or a 
larger da ta base and ex trac ti o n a nd mergi ng or data seem necessary. mainly to purge data which 
a re no t or interes t a nd to combine data a bo ut the same ite ms from various files, it would, ror 
example, be possibe to co mbine field a nd la bora to ry data fo r various rock ty pes a nd rrom severa l 
proj ec ts. Facilities ror doi ng this a re included in the sys tem, because it is easy to create new 
recording for m a ts simila r to field shee ts a nd to ex tract data from various files a nd m erge them into 
such new rormats. 
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Fi le Structure 

Both data a nd fil e structure. a re ra th er co mplex, but this is not noti ced by the user beca use the 
programs by mea ns or th e CPT, do a ll th e admini stra ti on. Th e user need onl y know th e names of 
th e fil es he wants to use. 

The co ntent o f a da ta fi le is a combina tion o f three hiera rchi al sys tem s which are a ll mea nt to make 
the sortin g and da tafi le handling effective. The three sys tems are: I. The recording syste m; 2. The 
da ta file sys tem; and 3. A so rtin g sys tem. It is nearly impossible to briefl y describe the va rious 
hierarchies, ma inly because each project has its own combin a ti on and beca use one leve l ca n be of 
majo r importa nce in one projec t a nd not eve n used in anoth er projec t. 

Future Development and Conc lu sions 

A problem with Sys tem II is its many poss ible uses: one ca n record whatever is wa nted a nd the 
da ta ca n be ha ndled and depicted in a la rge number of diffe rent ways. But it is not unimportant 
how the reco rdin g is cl one in rela tion to wh at th e user wa nts. A typica l exa mple is th a t th e user 
wa nts to ca rry out intensive sta tistical trea tm ent on his da ta. but he had not class ifi ed the data in 
such a way. durin g th e recording. to make it poss ible for the co mputer to se parate the va rious da ta 
groups in a simple way. Another serious pro blem is to ma ke the record s usea ble for those other 
th en the geo logist him self. Th e major p ro blem in th e future see ms. therefore, no t to be a furth er 
sophistica tion of th e co mputer progra ms, but an investiga tion of the rela tion between recordin g 
techniques and wh at the da ta should be used for. A geologica l map shee t is a good example of 
these pro blems. A geologists collect da ta, trea t th em by computer and p rod uce a map. Anoth er user 
takes the ma p and ex trac ts the da ta he needs for his purpose, but much is los t in this process, 
especia lly th e poss ibility fo r judging the reliabi lity of the da ta depicted on the map. It would be 
much better if the outside user co uld ask a da ta base for the inform ation he needs. But it is 
unfortuna tely rather un know n wh at such a da ta base should co ntain . mainly because of lack of 
inform ation fro m the outsid e users about what they would like to have in such a da ta base. 

Anoth er pro blem is th e educa tion of the geologist in the use of co mputers beca use it does not see m 
to be genera lly rea li zed that the effective use of a computer requires just as much education as is 
the case in the use of a mic roscope. Most geo logists use co mputers to do the sa me work they do 
by hand . and only very few utili ze the new possibiliti es offered. 
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GEOLOGICAL DATA MANAGEMENT 

Geologica l field data com prise an exceptio na lly broad spectrum of obse rva tio ns, a na ly tica l results, 
inferences and conclusions re lat ing to points, linea r fe at ures and a reas o f th e crust, collected under 
diverse conditions, o ft en by ma ny individu a ls over a considerable time spa n. Beca use o f the 
e normity o f the task befo re him . the field geo logist usua ll y functi o ns as a n a na log device, 
interpreting his observations as he makes them, a na lyzi ng the co nsequences, a nd o fte n recording 
only the concl usio ns, usua lly in ma p, or o ther gra phic form. Each individua l perfo rming this task 
reflects in the co nclusio ns he d ra ws. hi s training, experience a nd persona l biases as well as the 
influence of loca l co nditions under which he is opera ting. Ma ny field da ta, therefore , have been 
cons idered to be so interpretive, so individualistic and so lack ing in rep roducibility tha t a t best, 
special p roced ures are necessa ry in order to dea l with them success full y in computer files, or a t 
wors t, computer processing shou ld no t be used beca use it des troys the unique re la tionship between 
the geo logist, hi s fi e ld a rea a nd hi s co nclusions by requiring unna tural rig idity in his 
o pera tio ns. 

Geological fi e ld da ta . howeve r, form th e fo undation upon which is built virtua lly a ll o f our 
know ledge of the eart h. Because o f this importa nce, ways must be found no t onl y to co ll ect it more 
efficie ntly and obj ec tive ly. but to use it more e ffectively in the service o f ma n a nd science: in the 
s tud y a nd utiliza ti on of man 's e nvironme nt a nd in providing for hi s needs in the fo rm o f e ne rgy, 
minera ls a nd renewa bl e reso urces, and in so lving problems re la ted to th e o rig in and histo ry o f the 
ea rth a nd ou r universe. These a re a reas o f co ncern wh ich have been id entifi ed specifi ca lly by 
UNESCO a nd JUGS a nd upon which a tte ntion has been focussed th ro ug h the Intern a tional 
Geological Co rre la ti on Progra mm e. 

Efficien t. effec ti ve a nd tim e ly use of geo logica l fi e ld da ta now is mo re essentia l th a n has ever been 
th e case in th e pas t, a nd can on ly be acco mplished by a pplica ti on of mode rn techniques o f data 
ma nage men t a nd a na lys is. The pa pers w hich fo ll ow describe generali zed co mputer systems which 
have been designed a nd used fo r ma naging geo logica l da ta o f diverse ty pes, including field d a ta. 
W hereas geo logica l fie ld d a ta are undo ubtedly unique in ma ny as pects, the p ro blems of ma naging 
the da ta , a nd to a la rge extent a na lyzing th em a re no t, and can be most efficientl y so lved by 
ap plica tio n of genera li zed , rather tha n ad hoe techniques . 
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Introduction 

Le sys teme de Ges tion de Base de Donnees "SJG MI " a ete elabore da ns le ca dre d 'un program me 
de recherche visa nt a ameliorer le tra itement des donnees geologiques a !'a ide des ord in a teurs. Ce 
sys teme repond a la necess ite de disposer d 'un outil genera lise capable d 'effec tuer Jes opera tions 
elementaires sur les fi chiers sa ns progra mm ation prea lable, permettant a insi de foca liser les efforts 
sur les ve ritables exploita tions de ces donnees et non sur leur ges tion. 

Les principaux obj ec ti fs qui ont guide la rea li sa tion de ce sys teme ont ete: 

I. II do it etre poss ible d 'utili se r les mo ts du langage nature! a to us les ni veaux, les 
codifications devena nt a insi fa culta tives. 

2. Le sys teme doit etre oriente vers l'util isateur,c'es t a d ire qu ' il es t possible a des geo logues 
non-inform a ticiens d 'avoir di rec tement acces aux do nn ees. in dependa mm en t des 
utilisa ti ons qu 'il s en fero nt. 

3. Le contenu et la structure des enregistre ments doivent pouvoir evo luer en fo nction des 
conditions de la co llec te ou des besoins des utilisa teurs. 

4. Le sys teme doit permettre le traitement des donnees non numeriq ues a !'a ide de codes 
semantiques. 

5. Efin le sys teme doit po uvoir tra iter aussi bien des fic hiers docum entaires qu e des 
fi chiers in fo rmati fs, ce qui conduit a abond onner la distinct ion traditionnelle entre 
systeme d 'in fo rm ation et sys teme de documenta tion. 

Principes Generaux 

Le formal d'entree. Le sys teme SIGMI utilise un fo rm at libre tel que ce lui utili se da ns certains 
sys temes de docum enta tion. Le princi pe es t simple, i i suffit, pour ch aque do nnee que I 'on veut 
stocker, d 'expliciter le no m de !'e lement (ou item) auquel ce tte donnee appartient. 

48 



LOCALISATI ON 

Figure 1. 

LJSTES 

DE 

ROCHE 

'rEXTURE 

AGE 

ROC HE 

AGE 

DONNEKS 

PROGRAMMES 

DE 

CREATION 

MISES A JOUR 

Q.UESTIONS 

EDITIONS 

Figure 2. Organig ramme Genera l. 

PRO GRAMMES 

DE 

SELECTION 

EXTRACTI ON 

FICHIER 

FORMAT 

FIXE 

I 
I 
I • 

PROGRAMMES 

P 'A PPLICATIONS 

MlIB RAL 

% 

MIN ER AL 

% 

MIN ERAL 

% 

DI C'l'ION

NAIR ES 

49 



Exemple: 

ROC HE = G RANITE / MIN E RAL= Q UARTZ / MICA /$ 

Tro is carac te res separateurs so nt utili ses: 

- po ur se pa rer le no m de I 'e lement de ses va leurs: " = " . 
po ur sepa re r Jes co upl es eJement - va Jeur . OU Jes va Jeurs d 'un me me 
e leme nt: "I". 

- pou r se pa re r Jes enreg istre ments: "S ". 

Ce tte methode permet un stoc kage ree ll ement libre des donnees perm etta nt entre a utres: 

- I 'utilisa ti on du la ngage nature! 
- le s toc kage des do nn ees da ns un o rdre que lco nque 
- un no mbre d 'occurrences des do nnees pra tiqument illimite. 

Les types de donnees. En fo nctio n de leurs analog ies conceptuelles, les donnees sont repa rties en 
un certa in nom bre de " ty pes". A ch aqu e type co rrespond un mode de s tock age e t des tra itements 
pa rticu I iers do n t le but est de rendre pi us e ffi cace et ri go ureux I 'explo ita ti on des do nnees. Les six 
types ac tue ll e men t de fi ni s so n t: 

- Ty pe num erique sta nd ard: un no mbre pa r va leur. 
Exe mpl e: S l0 2 = 52 , 4 / 

- Type num eriqu e sta nd a rd : un no mbre pa r va leur . 
Exe m ple: P U ISSAN CE = 10 A 15/ 

- Type coord onnees geographiques: deux va leurs ( point) o u qua tre 
va leurs (s ur face) sepa rees pa r une virgule . 
Exe mple: COORDONN EES = N 8D 58 M . W4D 52 M l 5S / 

- Type avec codage inte rne sta nda rd . 

- Type co m men ta ire: sa ns cod age, la recherche s 'e ffec tu a n t seu le men t 
sous fo rm e de cha ine de ca racte res . 

- Ty pe se ma n tiq ue: presence pour ces elements de dictio n na ires de 
codifica tio n se ma ntique . 

La structuration des enregistrements. L ' inco nveni ent de ce form at d 'en tree res idait da ns la 
diffi culte de structurer les enregistrements, ce qui eta it abso lument indispensa bl e po ur un systeme 
de Base de Do nn ees. La me th ode la plu s na turell e, qui a e te employee, consiste a reli er les couples 
element-va leur , precede mment defini s, pa r des jeux de pa renth eses imbriquees. 

Exemple: LOCALISATION =X( ROCH E =GRANITE / TEXT U RE =GR EN UE/ AG E = 
HE RCYNI EN ( MIN E RAL =QUARTZ/% = 30 )(MINERAL =MICA /% = 5) ) 
( ROC H E =GR ES i AG E = EOCE N E (MINERAL=QUARTZ /% = 95 ))$ 

Ce tte ecriture es t en fait une representa tio n lineaire de structure a rborescente e t 1 'enregistrement 
a in si co nstitue peut etre represente par un a rbre ou ch aque passage a nivea u superieur correspo nd 
a l 'o uverture d 'une parenth ese ( Fig. l ). Ce procede de s tock age pennet de n 'avoir a decl a rer ni 
le co ntenu . ni la structure des enregistre ments avant leur introductio n da ns le fi chier, chaque fiche 
constitu a nt un to ut se decriva nt lui-meme. 
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Le Langage d'interrogation 

Le la ngage d 'inte r roga tio n com po rte six paragraphes permetta nt de rea li se r trois fonc tio ns: 

l. Se lec tio nner les e nreg is tre ments d ' un fichi e r repo nd a nt a un ce rt ai n no mbre de 
ques tio ns: paragra phes C RITE RES, STR UCT U RES e t LOGIQ UE. 

2. Tra nsferer les enregistrements se lec tio nnes sur un sous-fic hier de me me structure que 
le fic hier d 'origine: paragra ph e SO US-FIC HI ER. 

3. Extra ire certa ines do nn ees des enreg istrements e t co nstitu er un so us-fi chie r de fo rm at 
fi xe po uva nt servir ulterieurement a des progra mm es d 'applica tio ns: paragra ph es 
VARIABLES A EXT RAIR E e t ASSOCIATION S D ES VARIABLES. Ce la ngage 
d ' inter roga tio n, do nt no us donnons un exemple en Annexe I, prese nte quelques 
pa rticul a rites: 

(a) A chaqu e type de do nn ees co rres po nd un j e u pa rticuli e r d 'o pera te urs d a ns le 
paragra phe CRI TE RES. 

Exemples: - SI02<:45 : signifi e, S l02 infe ri eur a 45. 

- PAYS <:A F RIQ UE: signifi e. PAYS inclu s da ns A F RIQ UE. 

( b ) Les pa ragraph e STR UCT U RES e t ASSOC IAT IONS D ES VA RI A BL ES so nt indis
pensa bles du fa it qu 'un meme element peut etre repe te plu . ieurs fo is e t a pparaltre a 
des positio ns dilferentes da ns l 'a rbre. Les opera teurs utili ses fixe n t la posi ti o n rela tive 
des criteres d a ns l 'enregistre ment a la ma niere d 'un a rbre genea log iqu e (j umea u, fre re. 
pe re, fi ls, etc.) . 

Exempl e: Cl.J U.C2 (soit C l jumea u de C2): signifi e que les deux cr iteres do ive nt se 
tro uver rea li ses cl un me me noeud da ns l 'a rbre. 

Principales Caracteristiques: (Fig. 2) 

Mode d 'utilisa tio n: batch process ing 
N ombre de p rogrammes: 10 
La ngage: COBOL e t quelques sous- progra mmes en ASSEMBL EU R 360 
N o mbre d 'instructions: enviro n 10 OOO 
Ordina teurs: IBM 360 e t 370, C l! IRIS 80 
Ressource me moire: 120 K octets 
Peripheriques: I disque e t 2 ba ndes mag netiques 

Annexe 1 

Exemple d'Interrogation du Fichier "Roches lgnees" 

Criteres 

Cl: PAYS<:AFRIQ U E/ 
C2 : MI NE RAL< FE LDSPATHOIDE / 
C3: MIN E RAL<:SIU CATE + FE + MG ! 
C4: MINE RAL<FELDSPATH / 
CS : MINE RAL<HORNBLENDE/ 
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C6: Ml ERA L<: BIOTITE / 
C7: MINERAL<:OXYDE + FE / 
CS: SI02 ::>J9 / 
C9: SJ02 <:45 / 
C IO: NA20::> = 5/ 
C l I: CAO:> = 5/ 

Structures 

S I: C8.JD.C9 / 
S2: SI.JU.ClO.JU.Cll/ 

Logique 

C l ET C2 ET CJ ET NON C4 ET (CS OU C6 OU C7) ET S2 / 

Sous-Fichier 

OUI / 

Variahles a Extra ire 

VI: GEOL (16) / 
V2: SI02 ( F7. 2 )/ 
VJ: AL20J ( F7 . 2 )/ 
V4: NA20 (F7.2) / 
VS: CAO (F7.2) / 
V6: K20 (F7.2) / 
V7: NI (E9.2) F/ 
VS: CO (E9.2) F/ 

Associations des Variahlcs 

Al: Y2.JU.YJ.JU.V4.JU.Y5.JU.V6.JU.Y7.JU.Y8 / 
A2 : A I. FI .V I I 
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Introduction 

The SIGMI Data Base Manage ment Sys tem has been developed within th e fr a mework of a 
research progra mme wh ose aim was to improve the processin g of geo logica l da ta with the help 
of co mputers. Th e sys tem answers th e requirements th at a re necessa ry for a genera li zed too l to be 
able to perform the basic opera tions on files without any preliminary progra mming. This a llows 
efforts to be foc used upon th e actual exploitation of the geo logica l da ta and not upon data 
process ing. Th e principa l a im s which have guided th e developm ent of thi s sys tem are: 

I. It must be possible to use natural language a t all levels. 

2. It has to be a user-oriented system so tha t the geo logists who are not parti cul a rl y fa miliar with 
in fo rm ation processing may direc tl y access the da ta, independ ently of use. 

3. The content and structure of th e records mu st be able to be co ntinu a ll y developed according 
to the conditio ns of da ta ga thering or the needs of the users. 

4. Th e sys tem must a ll ow process ing of non-num erica l da ta with the help of semantic codes 

5. And fin a ll y, the system must be abl e to process docum enta tion fil es as we ll as da ta fil es. With 
this idea, the traditional distinction between an inform ation sys tem a nd a docum enta tion 
sys tem is abandoned. 

General Principles 

Input Formal. The SIGMI sys tem uses free form at such as th a t used in so me docum enta tion 
sys tems. Th e method is simple: for each piece of data to be stored, the name of the element for 
items to which th e data va lue belongs is specifi ed. For exa mpl e: 

ROCK= GRAN ITE/ MIN ERAL=Q UA RTZ / MI CA/$ 

Th ree cha racters a re used as separators: 

- in ord er to separa te the na me of the element from its va lu es: " = ". 
- m ord er to separate the pairs "element - value" or the values o f a 
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same e leme nt: "I" . 
- in o rd e r to se pa ra te th e reco rd s: "S". 

Th is me thod a ll ows a n a bso lutely ind e pe nd a nt sto rage of the da ta permittin g: 

- use o f na tura l la nguage wo rds 
- da ta s torage in a ny o rd er 
- a p rac tica ll y unlimi ted number o f da ta occurre nces 

Data types. According to th e ir co nceptu a l a na log ies. the data a re di v id ed into a cert ain number 
o f " types". To each type th e re co rres po nd s a specia l way o f sto rage a nd processes so th a t the d a ta 
o pe ra tio ns a re more e ffi cie nt a nd more rigoro us. 

T he six types actua ll y defi ned a re: 

- sta nd a rd num e rica l type: a number pe r va lue 
For exa mple: S I02 = 52 . 41 

- num eri ca l type with two limits: two num bers per va lue 
For exam pl e: THI C KN ESS = 10 TO 15/ 

- geogra phic coordin a tes: two va lues ( point ) or four va lues (surface) 
sepa ra ted by a co mm a. Fo r exa mple: COORDINATES = N 8 D 58 M . W40 52M l 5S / 

- type with a n internal s ta nd a rd codin g 

co mm e nta ry ty pe: no codin g so th e sea rch is on ly made on cha rac ter 
s trin gs 

- se ma ntic type: fo r th ese e leme nts , ex iste nce o f dicti o na ri es 
dea lin g with se ma nti c cod in g . 

Record structu re. T he d r aw- bac k o f thi s input fo rm a t co uld be found in the diffi c ulty of 
structurin g th e reco rd s which is a bso lute ly necessary fo r a da ta base sys tem. Th e fo llowing me th od 
has bee n used : it co nsists o f linking toge the r th e va lue-eleme nt co up les which have been fo rmer ly 
de fin ed by imbrica ted brackets. Fo r exa mple: 

LOCALITY= X( ROCK =GRA NITE/ TE XTUR E =GRAN U LAR / 
AG E = HE RC YNIAN ( MINERAL =Q UARTZ /% =3 0 )( MIN E RAL= MICA /% = 5 )) 
( ROC K =SANDSTON E/ AG E = EO CEN E( M INERAL= Q UARTZ /% = 95 ) )$ 

Th is writin g is. in fac t, a lin ea r represe nta ti on o f a n a rbo rescent structure a nd the reco rd thus 
rea li zed may be represented by a tree in which each entry to a hig her leve l co rrespond s to the 
o penin g o f a bracke t (Fig ure I ). This method o f storage does no t require the decla ra tio n o f the 
content no r th e reco rd s tructure be fo re th eir int roductio n into the fil e. each da ta sheet bein g a n 
entity w hich describes itse lf. 

Interrogat ion Language 

Th e in terroga tio n la ng uage is co mposed o f six pa ragraph s a llow ing three functi o ns: 

I. T he sel ec tio n o f fil e reco rds a nswering a certa in number o f questions: C RITERIA, STR UC
TU R E a nd LOG IC pa ragra ph s. 
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2. The tra nsfer of the se lected records into a sub-fil e of the sa me structure as th e orig in a l Al e: 
S UB-FI LE Pa ragra ph . 

3. T he ex traction o f ce rta in da ta fro m reco rds a nd the co nstitution o f a Axed fo rm a t sub-fi le 
w hich m ay be used a t a la ter da te fo r appli ca ti o n p rogra ms: VARIA BLES T O BE 
EXTRACTED a nd ASSOC IATIO NS O F VARIABL ES. T his interroga tio n language, a n 
exa m ple of which is given in Appendix I, shows a few pa rt icul a r points: 

(a ) To each ty pe o f da ta corres po nd s a pa rti cular se t of o pera tors in the C RI TE RI A 
paragra ph. For exa mple: 

- SI02<::4 5: mea ns, SI0 2 less tha n 45. 
- CO UN TRY AFRI CA: <:: mea ns, CO UNT RY in clud ed in AF RI CA. 

(b) Th e paragra ph s STRUCTU RE a nd ASSOC IATION S O F VA RIABL ES a re necessa ry 
ow ing to the fa ct th a t th e sa me e lement may be repea ted seve ra l times a nd a ppea r o n 
different pos iti ons in the tree. T he o pe ra tors used Ax th e re la ti ve pos iti on o f criteria in 
the record as in a genea logica l tree ( twin . brot her. fa th er, etc.). For exa mple: 

C I .JU.C2 ( C I twin ofC2 ): thi s mea ns th a t bo th criteria have to occu r a t the sa me node 
in the tree . 

Ma in Charact eristics: (Figure 2) 

Process in g me th od: ba tch process ing 
Number of p rogram s: 10 
La ng uage: COBOL a nd a few sub- p rogra ms 111 Asse mbler 360 
Number of instructio ns: a bo ut 10 OOO 
Co mputers: IBM 360 a nd 370. C J! IRIS 80 
Core storage space: 120 K bytes 
Periphe ra ls: I disc a nd 2 mag ne tic tapes 

Appendix 1 

Example of Interrogation of "Igneous Rocks" File 

Crit eria 

C l: CO U N T RY <::AFRI CA/ 
C2: MI NE RA L<FE LDS PATHOID / 
C3: Ml NE RAL<::S ILI CATE + FE + M G! 
C4: MI NE RAL<:: FE LDSPATH / 
CS : MI NE RAL<:: HORNBLEN DE/ 
C6: MI NE RA L<:: BIOT ITE/ 
C7: MI NE RAL<::OXID E + FE/ 
C8: SI02>39/ 
C9 : SI02<::45/ 
C IO: N A20> = 51 
C l I: CAO> = 51 

Structure 

S I: C8 .ID .C9/ 
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S2: S l.J U.C lO. JY. C ll / 

Logic 

C l AND C2 AND C3 AND NOT C4 AND (CS OR C6 OR C7) AND S2 / 

Sub-File 

YES / 

Variables 10 be Exlracled 

V I: GEOL ( 16) / 
V2: Sl02 (F7 .2) / 
V3: AL203 ( F7. 2 )/ 
V4: NA20 (F7.2) / 
V5: CAO ( F7. 2 )/ 
V6: K20 (F7 2) / 
V7: N I (E9.2) F/ 
V8: CO (E9.2) F/ 

Associalions of Variables 

Al: V2.JU.V3.JU.V4.JU.V5.JU.V6.JU.Y7. J U.V8 / 
A2 : Al. FI.VI/ 
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G-EXEC: a genera lized FORTRAN system for data handling 

Keith G. Jeffrey 
Insti tute of Geological Sciences 
Exhibit ion Road 
London SW7 2DE 
UNITED KINGDOM 

Elizabeth M. Gill 
At las Computer Laboratory 
Science Research Council 
Chilton, Didcot 
Berkshire 
UNITED KINGDOM 

During th e spring and summer or 1972 . staff or the IGS Co mputer Uni t ana lyzed !GS d a ta 
ha ndlin g needs. These were fo rmul a ted into a se t o r objec tives, and against these goa ls so me 
curre ntl y availab le da ta ha ndlin g sys tems were eva luated. This study resulted in a decisio n to 
develop o ur ow n d a ta ha ndling sys tem to mee t these sa me objec tives. 

T he objec tives we re th a t the sys tem should handle a lmos t a ny kind or data (ge nera liza tio n ) and 
tha t the sys tem sho uld be ' porta ble' ( run o n a ny medium -sized computer ). We a lso required 
integration th ro ug h d a ta ma nage ment, da ta a na lysis and da ta di splay a nd the sys tem had to be 
a menab le to modification and ex te nsio n by progra mmers. F in a ll y, th e sys tem had to ha ndle 
' p roject' data and ' a rchiva l ' data with equal ease. 

To mee t these object ives G-EXEC was designed to be highl y mod ul a r. This a llows ready bui lding, 
a mendm ent an d upd a ting or progra m segments. It a lso saves on s torage o r the o bj ect code in the 
sys te m progra m li brary. The so rtware is written in FORTRAN IV so tha t it may be handled by 
most cam pu ters . The sys tem is impleme nted rrom thi s ' poo l ' o r modules. a nd the main (ce ntral) 
sys tem uses th e sa me modules as th e small (sa te llite) subsys tems. Furthermore, thi s technique 
a llows expe rime nta tio n in different da ta ma nage ment o r a na lysis me th ods without rewriting the 
so rt ware. 

The file s in G-EXEC are no rm a l co mputer fi les. as may be ha ndled by a no rma l FORTRAN 
prog ram . There are no co nstra ints on the input in terms o r field positions and there is no need for 
specia l in ro rm a tio n to a llow the syste m to structure the data. Single files may be added to the 
sys tem and may or may not enter th e data base. All file link ages a re ex te rnally defined ( in the 
present implementa tio n ) a nd so g rea t fl ex ibility is achieved. The constraints on the files are that 
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G-EXEC : a genera lized FORTRAN sys tem for data handling. Th e two-stage 
execution of a G-EXEC Job under Phase 2 of the projec t. Th e Executive controller, 
GEXEC1, compiles commands into a job consisting of FORTRAN and Job Control 
Languag e. This job is submitted to th e compil er and opera ting system as a normal 
batch job. It acts on data files , and on load ing incorporates so ftware from th e objec t 
module li brary. 



a ll records mu st co ntain the sa me fi eld s. and th a t each fi eld must be of the same length and type 
throughout a ll record s in the Ill e. This standard file a ll ows integrat ion. 

The ot her aspec t or fil e des ign is co ncerned with genera lizatio n. A data descript ion or stand ard 
fo rm is added to each fil e. Prog rams processing the file access the data in th e file th rough the data 
descripti on. and so a re data ind epend ent. The data description con tains inrorm a ti on on th e name. 
length . type and input rormat o r a fi eld vec tor. together with its maxi mum and minimum value 
and a code represe nting absen t data as opposed to zero va lue in th a t fie ld . The data descr iption 
a lso a ll ows a dictionary seg ment to be spec ifi ed ror each fi eld vec tor to a ll ow codin g or decoding 
to or rro m the sto red for m. 

Th e des ign or th e so ftware ( highl y mod ul ar) and o f the file s (vec tor stora ge ) both a ll ow ror 
efficien t process ing. and loo k to rou rth ge neration techniques. 

The implementa ti on of th e sys tem on the IBM 370/ 195 a t Rut he rford High Energy Labora tory, 
and accessed via the At las Co mputer Laboratory. has proceeded in planned ph ases . In Phase I the 
sys tem was large ly in the current sta te of the sa tellite subsys tems. req uirin g a small a mount of 
FORTRAN programming ( typica 1 ly 5 sta tements) and so me Job Co nt ro l Lang uage to specify the 
fil es req uired to th e operatin g sys tem. In Ph ase 2 a modul ar Executive Contro ller has been written. 
This controller is sli ghtly mach i nc depe nd ent. and so me pa rts wo u Id need differentl y coded 
modu les o n other co mputers. However. this cou ld be made ge nera l a t th e ex pense or run-time 
effici ency. U nd er this co ntroll er. th e user onl y inputs simpl e commands, and the so ftw a re 
' compi les' th e commands into a job consistin g of FORTR AN and Job Con trol stateme nts. This 
job th en actua lly processes the task (F igure I ). 

Thro ughout the G-EXEC System th e re a re three races. Th e user sees a sys tem with ca pab ility to 
hand le his data. a nd with which he interac ts by simrle co mm and s. Th e prog ramm er sees a 
co ll ec tion or modules. and can build new ar rli ca tions so ft wa re or subsys tem s wh ich ca n be 
accessed by users. Th e sys tem manage r sees an audit tra il or what th e sys tem has done, and he can 
kee p reco rd s of users. the processin g progra ms th ey used and the fil es th ey accessed . Fu rth erm ore. 
he has a report o r the reso urces used by each tas k. ready fo r an acco untin g run a t per iodic 
interva ls. 

In conc lu sion. a rew fi gures are provided to show the sys tem in r erspcc tive. The so rtware co nsists 
or 28 OOO lines or so urce code. split a mong so me 180 mod ul es. T here arc, at presen t. over 100 
te mporary work-fil es stored on th e sys tem . occuryin g 50 megabytes, and a t any one tim e th e re are 
up to 200 fil es usin g th e sys tem but not bein g stored. representing anoth er 20 megabytes. Da ta fil es 
currently being processed by the sys tem on an ex rerim ental basis concern retrology. pa leontology. 
regional geoc hemistry. min era l assess ment. structural geo logy. mineral trade a nd r rodu ction 
sta ti stics. hydrogeo logy. lith ology and stratigra rhy ( both surface and boreholes). geo tech nica l 
propert ies a nd sedim enta ry structures. as we ll as pe rsonnel a nd acco untin g fil es. The sys tem uses 
I IBM I 00 mega byte disc pack as th e 'ac tive area' ror both progra ms and data . The current 
workload averages I 00 seco nd s per day on th e IBM 370 / 195. 

We should lik e to thank o ur colleagues ror th eir cons truct ive criticism a nd hope th a t the so ftw are 
we are now deve loping will elimin a te so me or th e deficiencies in the sys tem. 
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U.W.O. SAFRAS system 

P. G. Sutterlin 
Department of Geology 
University of Western Ontario 
London, Ontario N6A 3K7 
CANADA 

I nt roduct ion 

T he SAFRAS sys tem is the direc t result of a coopera ti ve project initi a ted in the spring of 1968. 
At th a t tim e. th e Ontario Departm ent of Mines (now the Division of Mines, Ministry of N atural 
Resources) and the Departm ent of G eo logy of the University of Western Ontario. on the basis of 
da ta whi ch had bee n co llected on silver depos its in Onta ri o. agreed to build a computer
processa ble fil e of these da ta. The fil e design and progra mming fun cti ons were to be carried out 
a t the Univeri sty und er a Speci a l Grant o f the Geological Survey of Ca nada. Th e Speci al Grants 
th emselves were a result of the recomm end ations of an ad hoe Co mmittee o f the National 
Ad viso ry Co mmittee on Resea rch in the Geo logica l Sciences ( Brisbin and Ediger, 196 7), the 
intent of which was to prom ote resea rch in support or the National Sys tem concept enuncia ted by 
the ad hoe Co mmiuee. 

It soo n beca me a pparent th a t. with a sli ght shift of emph as is. th e projec t could result in the 
development o f a number o f co mputer prog rams which co uld be applied to se ts o f data other than 
just th ose perta inin g to th e Ontario silver depos its. It was then agreed th a t th e projec t would 
conce nt ra te on th e developm ent o f a sys tem to store. edit. se lectively retrieve and oth erwise 
manipulate a ra nge of geo logica l data by co mputer. It was also stipula ted th a t the sys tem be as 
use r-oriented as possible and th a t it be rela ti ve ly easily tra nsfe ra ble from one type of computer 
to another. It was with these considera tions in mind th at th e SAFRAS sys tem was designed and 
developed. 

SAFRAS System Programs 

The SAFR AS sys tem consists of twelve COBOL progra ms. The decision to use COBOL as a 
progra mmin g language was based on two co nsidera tions. Due to the nature o f much geological 
da ta, a programmin g language with good ch aracter manipul a tion capabilities was required. In 
addition . a progra mming language which could be used on a number of different computers 
necess ita ted th e se lecti on of a stand a rd high-level language. In practice, it has been fo und th at, 
des pite claims to the co nt ra ry. not a ll COBOL co mpilers, eve n among different machines of the 
sa me manu fac turer. a re th e sa me. However. the differences a re fewer than is the case with many 
oth er co mpi lers. 
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Six of the SAFRAS p rogra ms are complete COBOL program s. a nd with th e exce pti o n of 
EVALU8 (Figure I ). th ese are programs des igned to generate COBOL so urce statements which 
are inse rted into other "partial" or "inco mpl ete" COBOL program s. It is for thi s reaso n th a t the 
following programs are ca ll ed " Program Generators" (F igure I) . 

SYSGEN -
RETGEN 
MERGEN 
SRTGEN 
SORG EN 

Use r system program s generator 
Retrieval progra m generator 
Merge program genera tor 

Sort progra m genera tor 
"Source (data recording) doc ument " program genera tor 

Th ere are six inco mplete program s which have bee n ter med Skeleton Programs. These are 
COBOL progra ms in which. for a ll intents. the data definition portion has been om itted. The 
SYSGEN program in se rt s one data definition into the Skeleton FI LG EN, IOPACK. LISTER and 
ED ITOR progra ms. Si111ilarly. MERGEN and SRTG EN in sert a data definition into the 
MERGER and SORTER Skeleton programs respec tively. The RETG EN and SORG EN program s 
generate an enti re COBOL program and th erefore requ ire no programs ana logo us to the Ske leton 
progra ms associated with th e o ther Progra m Generator progra ms. 

The result of th e G enera tor Progra ms functions is the series of Generated Progra ms (F igure I ) 
which constitute a sys tem based on a specific se t of data. Within limits. any number of sys tems. 
based on difrerent data se ts. can be genera ted using the bas ic SAFRAS Progra 111 Generator and 
Skeleton progra ms. 

SAFRAS Functions 

When the SAFRAS sys tem has been applied to th e production ofa "User-generated system". the 
fo ll ow ing function s can be performed: 

I. File Generation. The ge nera ted FI LG E prog ram . 111 co njuncti on with the ge nerated 
IOPACK progra 111 (i .e. the " input-output " routines for a SAFRAS Sys tem data file) wi ll read 
the free-form fo rm a t data. format the data and ge nera te a form atted da ta file. In the process. 
errors such as "a lphabetic characters in a numeric field". ·'100 ma ny field s in a reco rd " . " too 
111any characters in a field " . etc .. are detected and listed. The file can be "written" on 
magnetic tape or di sc. 

2. File Listing. The ge nerated LISTER progra m in conjunction with the IOPAC K program wi ll 
produce a comp lete printed li sting of the con tent ofa SAFRAS file. Thi s li sting includes both 
th e va lu es and th e "va lue identifier" or "data item name". 

3. File Editing. The ge nerated EDITOR progra m linked with the IOPACK program a ll ows a 
user to add. alter o r delete the contents ofa specific data field within a SAFRAS file. The user 
can also "create" an ent ire record which was not included in a specific unit of a fi le. 

4. Select in· Retrieval. On the basis or a specific set of da ta and a specific retrieva l request. the 
RETGEN progra m gene rates a retrieval program ca ll ed RET REV . This latter generated 
progra m. when link ed with th e ge nerated IOPA CK program and the retrieval condition 
evaluator progra 111 (EVA LU 8 ). search es the file a ncl outputs the data which 111eet the 
ret ri eva l parameters on punch card s. magnetic tape or 111 agneti c di sc in a for111at specified by 
the user in the retrieval requ est. 

5. File Merging. The MERGEN program, on the bas is of up to three sets o f data definitions 
genera ted into the MERGER Skeleton program . res ult s in a ge nerated MERGER program 
which wi ll perform one or four function s. These a re: 
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Data Identifier Field Size 

*0101 
Deposit-Name (a1} 32 
Latitude (a2} 2.5 
Longitude (a3} 3.5 

..-~a203 

Conunodity (b1} 12 
Grade (b2} 5.4 
Grade-Units (b3} 12 

*0301 
Primary-Reference (c1} 48 
Author (c2) 24 

# x 
A 
N 

= 
-
== 

alphanumeric 
alphabetic 
numeric 

Figure 2A. SAFRAS data-spec ifications. 

MINERAL .. DEPOSIT 

I I 
03 02 01 --+,___t 

0101 0201 0202 0203 0301 

rh r+i rh r-h ~ 
a a a b b b b b b b b b c c 
12 3 113 12 3 12 3 12 

Figure 28. Schematic representation of data st ructure. 

Data Type# 

x 
N 
N 

x 
N 
x 

x 
A 
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I. File Updating: If, say, the basic unit o f a fil e is a mine ra l deposit, th e M ERGEN 
progra m will a llow the use r to add additiona l minera l depos its to a n ex iting fi le which 
has the sa me d a ta definitio n as the o ne included in the ME RGEN progra m being 
used . 

2. Subfile Creation: On the basis o f two da ta definitio ns, the genera ted MERG E R 
p rogra m will produce a file which a ltho ugh basica lly th e sa me as a n "orig in a l" fil e, 
has fewer items o f d a ta in each bas ic unit o f the fi le. 

3. File Augmentation: On th e bas is o f th ree se ts o f da ta defi nit ions genera ted into the 
M ERG ER progra m, provisio n ca n be made to add da ta to a n ex isting fil e. The 
di stinctio n be tween this functio n a nd the EDITOR funtio n is th a t fil e a ugmenta tio n 
invo lves the crea tio n o f " new " da ta fie lds which were no t in th e "origi na l" fi le. 

4. File Merging: Aga in , o n the basis o f th ree se ts o f da ta defi nitions ge nera ted into the 
M ERG E R p rogra m, any two (o r mo re - two a t a time) SA F RAS fil es having th e sa me 
basic fil e unit ca n be co mbined into a single fil e. 

6. File Sorting. In o rd er to merge two (or more) sequentia l fi les, the fil e basic units must be in 
the sa me orde r. Th e genera ted SORTE R progra m will so rt one o r more SA F RAS fi les into 
a sequence based o n any number o f sort para mete rs. For exa mple, the deposits in a minera l 
deposit fil e could be so rted acco rding to la titude within lo ngitude within country. 

7. Source Document Generation. A document, conta inin g a ll the required cont ro l character 
in fo rm a tio n to genera te a SAFRAS fi le fr om free-fo rm form a t d a ta input, ca n be p roduced 
in th e form o f a printed lis ting by the genera ted SORG EN progra m. This document is, of 
course, different fo r each se t o f da ta. 

Data Specifications 

The da ta specifica tio ns, which describe a speci fic hiera rchica l d a ta structure. a re the lin k be twee n 
the SAFRAS System progra ms a nd the Use r-genera ted Sys tem p rogra ms (Figure I ). It is these 
da ta specifica tio ns which a re tra nsla ted by the Progra m G enerator progra ms into COBOL da ta 
definitio ns. A simple se t o f d a ta specifi ca tions, a lo ng with the structu re th ey wo uld represen t are 
illustra ted in Figures 2A a nd 2B respectively. The firs t two numbers which fo llow the as terisk a t 
the head o f each gro up o f da ta item designa to rs serves to identify th a t "se t " . The second two 
numbers dicta te the maximum number o f times a particul ar se t can occur in eac h basic unit o f the 
fil e, thus de finin g th e hierarchy . 

. Summary and Conclusions 

In order to provide a mecha nism to support the SA F RAS sys tem fo r po tenti a l use rs o f th e sys tem, 
a copyright a nd a registered trade mark fo r " U. W.O. SAFRAS " were obta ined and co nsigned to 
the U niversity o f Wes tern Onta rio. The U nive rsity li censes the sys tem for a no mina l sum , in 
return for which the University co mmits itse lf to prov iding o ne year 's support. Although expenses 
have consis tently exceeded revenue, it is felt th a t the adva ntages o f a supported sys tem, togeth er 
with the low aquisitio n cos t, have been signifi ca nt fac tors in enco uraging ten orga niza tio ns in 
Canada, the U nited States o f America a nd Japa n to license a nd use th e SAFRAS sys tem . What 
has been even mo re sig nifica nt is th a t a co ntinuing dia logue has developed with ma ny o f the 
sys tem 's use rs which is resulting in modifi ca tio ns to the sys tem which sho uld ultim a tely benefit 
a ll the users, present a nd future. This di a logue has been expedited by th e Ca nadia n Centre fo r 
Geoscience D a ta. 

66 



Selected References 

Brisbin. 
1967 

W . C., a nd Ediger, N.M. , Editors 
A national sys tem for storage and retrieval of geo logica l data in 
Canada: Nat. Adv. Comm. Res. Geol. Sci. (ava il ab le from the 
Geologica l Survey of Canada. Ottawa). 175 p. 

Burk , C. F . , Jr. 
1971 Computer- based geo logical da ta sys tems: an emerging basis fo r 

interna ti ona l communication: Proc. 8th World Petrol. Congress. 
v . 2. p. 327 - 335. 

Hubaux. A. 
1973 A new geo log ical tool - th e data: Earth Science Reviews. 9. 

p. 159 - 196. 

Laznicka. P. 
111 MANIFIL E: the University o f Manitoba computer- based fil e of 

press World's non ferrous meta llic deposi ts: Canadian Centre for 
Geoscience Data . Ottawa. Geo logica l Survey of Canada Paper 75-20. 

Sutterlin , P. G . . and De Plancke . J. 
1969 Development o f a flexible computer- processa ble file for stora ge 

a nd retrieval o f mineral deposit s da ta : Proc. Symp. on Decision 
Ma kin g in Mineral Exp! . II , Feb. 1969. Univ. British Columbia, 
p. 11 - 42 . 11 fi gs . 

Sutterlin , P. G. 
1971 The des ign of computer- processible information sys tems: in 

Decision - makin g in the Minera l Industry. Canadian Inst. Min. an d 
Metallurgy. Spee. v . 12. p. 399 403. 

Williams, G. D. , Dickie. G. J . . and Steiner. J . 
1972 Computer storage and retrieval of geo logical da ta on coal deposits: 

Proc. First Geol. Con f' . on Western Canad ian Coa l . 
Res. Counc il of Alberta Info. Series. Series no. 60. p. 73 84. 

67 



Etat actuel du systeme d'information mis en oeuvre pour la geochimie au Centre 
de Recherches Petrographiques et Geochimiques (CRPG) 

Ph. Grandclaude 
Centre de Recherches Petrographiques 

et Geochimiques 
15, Rue N. -D. des Pauvres 
Case Officielle No 1 
54 - Vandoeuvre-les- Nancy 
FRANCE 

Introduction 

La mise en pl ace a u Centre de Rech erches Petrogra phiques e t G eochimiques d 'un qua ntometre 
AR L a perm is. depu is I 960, de prod uire ch aq ue annee pi usieurs milli ers d 'a na lyses ( majeurs et 
traces) d e roc hes e t d e min era ux. U n te l vo lum e d e do nnees, trop a bo nd a ntes po ur etre 
co mmuniq uees a u moyen des supports d 'in fo rma tion traditio nnels exigea it de no uve lles procedu
res et de nouvea ux outil s de stockage, tra itement et co mmunica tio n de I 'in fo rm a tio n. 

En 1966 . se tient a Na ncy. sous I 'egide de I ' I. U.G.S. la premiere reunion " po ur le stockage, la 
reche rche docum enta ire e t le tra itement a uto ma tiq ue de donnees geochimiques", qui rasse mblait 
les re prese ntan ts d 'o rga ni smes conrrontes sur le pla n loca l a des pro blemes simila ires et desireux, 
sur le pla n intern a tio na l. de fac iliter la co mmunica tion des do nnees qu 'ii co nvena it de joindre aux 
donnees geochimiques. 

C'es t a partir de ce tte li s te que rut co rn;u un "systeme descripteur " des echa ntillons geochimiques, 
presente so us la for me d 'un " ca rne t opera tionnel" utilisa ble po ur la co ll ecte des donnees de 
terra in e t de la bo ra toi re ( loca li sa tio n, conditio ns de preleve ment. envi ro nnement geo logique loca l, 
age, descriptio n petrographique et mineralogique). Ce ca rne t es t utilise a u C RPG depuis 1968 pa r 
les geo logues dema ndeurs d 'a na lyses . Jointes aux donnees geochimiques, les do nnees correspon
da ntes so nt centra li sees e t stockees sur o rdina teur. Ceci en vue de rendre access ible a une la rge 
co ll ec ti vite. po ur des recherch es a uss i diversifi ees q ue poss ible. des donnees geochimiques creees 
a u depa rt a des fi ns pa rti culi eres. 

Le Bilan en 1973 

Plus de 30 OOO a na lyses de roc hes e t de minera ux ont e te produites pa r le qu a nto metre, I 'a na lyse 
sta nda rd fo urnissa nt ac tue ll ement 17 e lements do nt 7 e lements de traces. Ces ana lyses sont 
effectuees d a ns le cad re de projets varies, dep uis I 'e tud e sys tema tiq ue des ma ssi rs gra nitiq ues 
jusqu 'a des e tudes geochimiques de se ries sedim enta ires. 
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Organisation de la co ll ec te et du traitement des donnees geochimiques et des 
donnees ad jointes. 
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Enviro n 14 OOO a na lyses, acco m pag nees des in for ma tio ns co ll ec tees a u moye n du ca rne t 
opera tion nel o nt e te co nstituees en fi chiers ge res sur ordina teur. 

L 'extractio n a pa rti r de ce tte " base de do nnees" de fi chiers de trava il specifique de proje ts 
de termin es et le tra ite me nt de p rog ra mm es d 'a pplica ti o n co nr; us e t rea li ses par l 'equipe 
d 'in fo rm a tique geo logique du CRPG , a debute ce tte a nnee e t fo urni des resulta ts interessants. 

Description du Systeme 

La fi gure I presente I 'o rga nisa tion ado ptee: le service "E tud es D ocum entaires et T ra ite ment 
Auto ma tique de I 'Informa tio n en G eochimie" ( EDTA ), pl ace en interface entre les dema nde urs 
d 'a na lyses e t de trai tement ( de leurs do nnees personne ll es), Jes labora toires d 'a nalyses e t les 
geochimistes (" co ll ectivite") dema nd eurs d 'informa tio ns (e t de tra itement ) ex tra ites de la base 
de do nnees. 

La fig ure 2 presente en so n e ta t actuel le sys teme d 'i nform a tion e t ses di verses fonc tions: 

- Collec te des do nnees ( bulle tins d 'a na lyses e t ca rne ts opera tio nn els) 

- "Form a li sa tion " des donnees: redaction (fo rm a t li bre - langage 
proche de Sig ni ) de borderea ux de perfora tio n 

- Saisie des donnees: cartes perforees 

- Stockage des do nnees sur ba nde mag netique (fo rm a t fi xe) 

- D ocum enta tion des utilisa teurs sur le contenu de la base de donnees 
( repertoires , ca rtes de pre leve men ts, sta ti stiq ues) 

- Selectio n , ex tractio n et "evalu a tion " ( cf. docum enta tion ) de fi chiers 
de trava il a structure norm a lisee compa tible avec les entrees da ns les 
p rogra mmes d 'a pplica tion . 

- Progra mm es d 'applica tion (ada ptes ou en cours d 'adapta tion a ux fi chie rs 
de tra va il ) 

An a lyse multivariable 
Ca lcul s geochimiques e t diagra mm es 
Ca rtographie: ca rtes en co urbes isova les , blocs iso metriques, 
re presenta tions en a ires o u densites va ria bles, re presenta tion 
si multa nee de deux varia bles. 

Bibliographie 
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Computer processing of cartographic data 

L. W. Thorpe 
Experimental Cartography Un it 
Royal Coll ege of Art 
6A Cromwell Place 
London, S W. 7 
UN ITED KINGDOM 

The Experimenta l Cartography Unit ( ECU) is hasically an orga ni za ti on carrying out ex perim en
tal work in developing. using and assess in g cartograph ic editin g sys tems. 

The sys tem prese ntl y he in g deve loped consists of approx im ately 14 programs which deal with 
data from the stage of digitization from hasc maps on a digiti zin g table. to the accura te repl ay of 
th e processed and edited data on a hi gh-reso luti on flat-bed plo tter. th e output from thi s device 
be in g suitable fo r printin g purposes. 

The fo ll owing is a brief desc ripti on of each of' th e progra ms: 

On-line Digitization 

An interactive progra m run on a PDP 11 computer. via a n inte rfaced D Mac di giti zin g tahle, 
which block- fo rmats the coordinate data and assoc iated feature code information of se lected 
portions of a to tal map to be di giti zed onto a DEC tape. Ill egal sequences of opera tio ns are 
prevented . Digitizing mistake. recog nized by the operato r a t the tim e o f di gitizin g can be 
corrected or edited out. Maximum a nd minimum va lues of featu re codes a nd number of feature 
codes associa ted with each map element a re checked and dia gnostic messages give n in cases of 
errors. 

The DEC tape is subseq uent ly processed via a PDP 9 or - 15 onto a high-density magnetic tape. 
This tape has a header block containing geographical. mnemonic. projecti onal and sca ling 
information about th e map that fo llows. Th e tape may co ntain more th a n one map sheet and each 
shee t is prefaced by such a heade r block. The data on each shee t is stored as X- Y coordin a tes, 
ei ther in the form of a line or a point. 

Totals and Syntax Checks 

Th is program checks each o f the map shee ts on a magnetic tape for the presence of digi ti zed corner 
points a nd internal co nsistency of charac ter strings. Any errors present on th e tape produce 
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diag nos ti c o utput a nd w he re poss ibl e are a uto ma ti ca ll y co rrec ted. Th e correc ted ta pe has the 
header upd ated wi th th e numbe r o f po ints, incre me nts, lines a nd max imum num ber o f fea ture 
codes associa ted w ith a ny lin e or po int o n this shee t. This info rm a ti o n is used in the preceding 
progra m to defi ne ra nd o m access a reas o n fi xed o r moving hea d d iscs. Re-o rd e rin g of the shee ts 
on th e ta pe is a lso ava il a ble. 

Disc Formating from Ma gnetic Tape 

From the magne ti c ta pe p roduced by th e a bove progra ms. a ra nd o m access da ta structure is 
deve lo ped on a disc. T he for m o f th e s tructure is de mo nstra ted in Fi g ure I. 

Line Start / End and Code Verification 

Each ma p shee t is ge nera ll y di g iti zed by o ne o pe ra to r a nd the n jus t th e sta rts a nd ends of lines 
with their codes a re red igi ti zed by a second opera to r. These two fi les a re p rocessed by the previo us 
progra ms to th e stage w here th ey a re a uto ma ti ca ll y co mpa red to produce diag nos tic o utput a bo ut 
a ny code differe nces, a nd line or poi nt o miss io ns, o f o ne fil e co mpa red with the o the r. This 
tec hniq ue p roduces a good chec k th a t a ll th e lin es to be dig iti zed have bee n. a nd tha t th eir codes 
are w ha t th ey sho uld be. 

Disc Editing 

O nline editin g of th e da ta in the s tructure to del e te lines. po ints a nd cha nge fea ture codes o n 
ele me nts of the m a r recogni zed by progra m 4 to have poss ible e r ro rs. 

Linking of Fea ture Codes 

T his p rogra m has the fa cility to g ive a lis ting o f a ll the ele ments o f th e ma p. with their sta rts and 
e nd po ints a nd the ir fea ture codes, plus the fac ility to p roduce a ta ble. in blocks I a nd JI o f the 
Im age Attribute fil e shown in F ig ure I. o f fea ture codes, a nd a po inter to th e e nd o f a ' LAST JN 
F IRST O UT' lis t. This technique a ll o ws e ffi cien t re tri eva l o f e lem ents o f the m a p conta ining 
pa rticul a r fea ture codes o r co m bin a ti o ns of fea ture codes. 

Interactive Graphics and Editing 

T his p rogra m d isplays the ma p o n a C RT sc ree n. It a ll ows th e di splay of the to ta l m a p or se lected 
regio ns a t cl i tfere n t sca le: e le ments with se lec ted fea ture codes or co rn bi na ti o ns o f fea ture codes ca n 
be di spl ayed at th e selected sca le, in va ri o us peckin g a nd ha tchin g p a ttern s. It is possible to directl y 
dele te lines or po ints, o r a lter th eir fea ture codes. Lines ca n be split. j o ined toge the r a nd eve n new 
lines directly in se rted . Simil a rly po ints m ay be inse rted. Va ri o us g rid s ca n be superimposed o n the 
scree n represe nting th e geographica l loca ti o ns. digitizing sca le, o r eve n scree n coordina te 
sys te m. 

Ama Igama t ion 

Sheets th a t have been checked a nd inte ractivel y edited ca n be a ma lga ma ted into la rger files . This 
ca n be do ne in a vertica l o r horizo nta l sense, i.e., a wea ther map o f a n area ca n be a ma lgamated 
with a geo logica l o r po liti ca l bo und a ry m a p o r two adj ace nt geo logical ma ps m ay be a m a lga m a ted 
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toge ther. An y number o r such shee ts ca n be add ed toge th er in o ne o r eratio n o r th e rrogra m or 
subseque nt o r era tio ns. 

Overlaying of Two or More Vertically Amalgamated Sheets 

The output fro m th e rrev ious progra m will in ge nera l conta in lines th a t inte rsect. This ca n be 
envi saged us ing the wea th er a nd r o liti ca l bound a ry ma p quo ted earli er. This r rogra m loca tes all 
line intersec tio ns a nd upd a tes the s tructure to conta in such lines srlit a t these r o ints o r 
inte rsec tio n. 

Thus the o utput o r thi s rrogram will co ntain no line th a t intersects w ith a ny o th e r line. 

Logical Combination of Feature Codes 

This progra m re tri eves rrom th e da ta s tructure two se ts or e leme nts w ith spec ifi ed fea ture code . 
It then p roduces a seque nce o r po inters o n the pa rti cul a r IA reco rd s th a t sa ti s ry th e BOOLEAN 
OPE RATION specified fo r th ese codes. 

Th e ava il a bl e opera tio ns includ e AND , ORR , NOT. a nd OXR. Havin g o nce p rodu ced a 
co mbina tio n in thi s way o ne may co mbine this se t with o th ers as described a bove. Th ese se ts may 
be retrieved in any o f the releva nt prog ram s ma kin g up thi s sys te m for furth er chec kin g. or furth er 
processing by progra ms described la ter. 

Closed Area Recognition and Retrieval 

Sets of lines tha t have been deve loped by the previous progra m o r a se t o r lines with a pa rti cul a r 
rea ture code may ro rm a number o r closed a reas. A p rogram exis ts to a uto ma tica ll y recogni ze such 
closed loo ps a nd upd a te the s tructure with AR EA reco rd s th a t desc ribe the a rea in a s imil ar 
ma nner as lines a re described. 

These a reas ca n be retri eved a nd di splayed , areas ca n be meas ured . a nd a po int ca n be associ a ted 
with the areas within the closed loop. i.e. the po int in po lygo n. 

Unamalgamation of Data Sets 

When a number of ve rti ca l a nd ho rizonta l a ma lga ma ti o ns have bee n per fo rm ed a nd over layed. 
th e da ta se t beco mes quite la rge a nd poss ibly a littl e cumberso me ro r so me a pplica ti o ns. Simil arl y 
when two very large fil es have bee n a ma lga ma ted a nd a edge- ma tch pro ble m ex is ts. a sma ll fil e 
in th e region o r th e edge-match erro r is much eas ie r to ha ndle th a n the to ta l fil e. This progra m 
a llows a se lec ted rec ta ng ul a r a rea o f a fil e to be crea ted on a se para te structure fo r rurth er editing 
work before bein g rea ma lga ma ted into the fin a l fil e. 

Unformating of Disc onto Magnetic Ta11c 

For plo ttin g purposes a nd lo ng- te rm s to rage th e to ta l di sc s tructures can be dumped o nto ta pe o r 
se lected e leme nts may be clumped . The se ts th a t can be re tri eved a re th e differe nt fea ture code se ts. 
the rea ture code co mbin a tio ns, a nd the a rea se ts. 
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High-Accurat:y Ploll er 
The tape produced by the previous progra m can be ploued on the hi gh acc uracy ploller by a 
' universa l plolling pac kage' and the output is quite suitabl e ror printin g and publication 
purposes. 

A number or ot her progra ms ex ist th a t have not been included in the above list. which a re used 
ror data reduction in th e se nse or sa li ent point production a long lin es a nd th en th e recreation or 
the ori ginal po ints rrom these sa lient points by splini ng. Two program s ex ist ror very close 
exam in a tion or the da ta on th e disc in a bloc k by bl ock exa mina ti on mode. and block by block 
editing mode. 
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Particular requirements for the Dutch \VIA Earth Science Information System 

T. de Heer 
IWIS- TNO 
P 0. Box 297 
The Hague 
NETHERLANDS 

S. W. Bie 
WIA, Stiboka 
P 0. Box 98 
Wageningen 
NETHERLANDS 

Introduction 

The G eo logica l Survey o r the Netherland s and Netherland s Soil Survey Institute. in recognition 
or the consid erable simil arity or their tasks. have joined forces in deve lopment o r an automated 
inrorm ation sys tem for ea rth science data ( WIA ). Prelimin ary discuss ions sta rted in 1970, with 
a constructi on ph ase commencing in the autumn or 1972. We envisage th e fra mework or the 
syste m operating by th e end or 1975. 

The projec t is see n hy the Dutch government as an ex periment in th e more genera l problems or 
environment a l and pl a nnin g in for ma ti on sys tems. It is th e rerore o ur o bjective to make a 
ge neralized sys tem , where ad hoe da ta structures and retrieval sys tem s have no place. A close 
rev iew or th e da ta co ll ec ted by the two surveys similarly illustrate the desirability of a generalized 
sys tem. 

Input Data Requirements 

We find th a t our main objec ti on to nea rly all ex isting data base manage ment sys tems is th at they 
are un abl e to hand le sa ti sfac toril y "free-language" inform ation wit h va riable record len gth s and 
structures. So here we wi ll concentra te on this problem. 

The G eo logical Survey has at present abo ut 125 OOO logs of shallow boreholes illustra ted in Figure 
I. increasi ng by 10 OOO per year. In add ition. th ey have so me 45 OOO deep borehole records of 
similar type. Th e Survey requires mos t of these records to be avai lable in an auto mated sys tem. 
The recording and tra nsl a tion into numeric rorm o r fixed format of a ll these da ta requi res 
unacce ptab le investm ents of manpower. time and money. Most critically th ere a re not the kind of 
sk illed perso nnel avai la bl e and willing to do it. The a lterna tive is to build a sys tem which wi ll 
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No 
368 - 24- 1 

Diepte 

0 , 00 - 0,20 

-

0 , 20 - 0 .40 

Pro fi e I 

Grond soort 

kl ei met 

klei vee l 

I . 47 m + NAP 

Omschrij ving Lee m Lu M 50 

scro bicul ar ia 27 

scrobi cu I a ria 15 

0, 40 - I. 00 za nd li cht , ge laagd . met roes tv lekk en 4 100 

Figure 1. 

accept and process reco rd s o r va riabl e length and structures. and " na tural language co ntents" 
with da ta prepara tion perform ed by not so highly skil led sta ff. Rece nt developm en ts have made 
ava il abl e sea rch techniques and sea rch strategies which opera te on rully rree-fo rm at na tural 
language fil es. findin g a ll answers on queries in the rorm of boo lea n ex pressio ns. The opera nd s or 
the boo lea n qu es ti ons a re substrin g spec ifi ca ti ons, which th e sys tem tries to find as subs trin gs or 
the na tural lan guage contents or the fil e-record s. 

Th e system must have a da ta entry f~1cility which acce pts input da ta in "rree fo rm at " (as we ll as 
in th e more norm al " fi xed form at") and to check the input da ta with respect to a defin ed " input 
da ta description " ( ID D L ). Th e " input da ta descripti on lan guage" defi nes "rree-ror ma t input 
da ta structures" as hiera rchies or a ttribute/va lu e- pairs. 

An example of' the poss ible shape or an input reco rd is give n below ( based o n Figure I ): 

$ PROFIL E $ 368 - 24- 1 
$ LAY ER S 0. 00 10 .20 

$ LA YER $ 0 . 2010. 40 

S LA YE R S 0. 401 l 00 

S NAP S + I. 47 
S SO IL S CLAY 
S DES CRIPTION S WITH SCROBI CU LARIA 
$ LU S 27 
$ CA $ 4 
$ SOIL S CLAY 
$ DESC RIPTION $ M UC H SC ROB ICU LARIA 
S LU S 15 
$ CA $ 4 
$ SOIL $ SAND 
$ DESCRIPTIO N S BRIGHT . LAY ERED. WITH 

RUSTS POTS 
$ LU S 4 
S M 50 S 100 
S CA S 4 
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An input-s tream li ke this cou ld be defi ned by mean s or th e fo ll ow in g IDO L sta teme nts: 

NAME 
NAME 

NAME 

NAME 

NAME 
NAME 
NAME 
NAME 

= " PROFILE": YALUESET=" 13- 2 I ": GROUP: FORMAT= FREE: MANDATORY 
= " NAP": SUB=(PROFIL E): YALUESET="N( - 10/500)": FORMAT=FREE: 
MANDATORY: SINGLE 
= " LAYE R ": SUB=(PROF ILE): YAL UESET= "N l .2(0 / 12 )S( l )SN l .2(0/ 12)": 
GROUP: FO RMAT= FREE: MANDATORY 
= " SO IL" : SUB=(LAYER(PROFIL E)): YALUESET=(CLAY.SAND): FORMAT=FREE: 
MANDATORY : S INGLE 

"D ISCRIPTION ": SUB=( LA YER( PROFILE )): FORMAT= FREE: SING LE 
" LU": SUB=( LA YER( PROFIL E)) : YAL UES ET= " 13 ": FORMAT= FREE: SING LE 
'' M SO": id em 
"CA": idem 

By this definition-fo rm one ca n specify fo r each a ttribute- na me: 

- th e se t or va lues a ll owed for th a t a ttribute ( YALUESET = va luset specifications with structure 
code) 

- th e hi erarchica l pos iti on or th e a ttribute with respect to higher-l eve l at tribute (SUB = ) 

- th e requireme nts for presence o f th e a ttribut e: so me a tt ribute mu st be prese nt ( MA N DATO-
RY ) whereas ot hers just may be present or not. which can be dependent or the presence or 
higher-l eve l a ttributes wh ich an attribute is subordinate to. 

The input stream can be checked by the sys tem on ag reeme nt with these specifications. . 
The record type involved needs a so-ca ll ed record-direc tory. a particu lar part or th e record wh ich 
tell s th e sys tem abo ut the location a nd fie ld -length or each attr ibute it con ta in s. A much applied 
type or record which agrees with th ese requirements is th e MARC II TYPE record for mal. 

I nf or ma tion-retriern I Requirements 

The system shou ld accep t a nd answer quest ions put to th e sys tems by the users as fo ll ows: 

- queries should be a llowed in th e form or boo lean ex press ions 

- th e operan ds or th e boo lea n ex press ion should specily a simple co ndition with respec t to the 
va lue or a sin gle attrubute 

- th e simple conditi ons should. in addi ti on 10 th e norma l rela ti onal ex press ions li ke NAP .< 
I.SO.LU < 20 or DESC RIPTION = " WITH SCROBICULARIA ". provid e th e poss ibility 
of"substrin g spec ifica tions". such as D ESC RIPT ION.S U."SC ROB IC". 

Data-base Requirements 

The da ta-base sys tem should be ab le to handl e four main types or data se ts: 

I. Point da ta se ts 

2. Lin e dat a se ts 

3. Area data se ts 

4. Descri ptiona I data se ts. th e a tt ributes or which are ind ependent o r geogra phica l 
coo rdin a tes. 
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A seco nd req uirement is ability to r erfo rm eAl cient retri eva l on th e tyr es of queries described 
ea rli e r. and o n norm a l num eric and alrh anum eric fixed a nd fr ee-fo rm at record s. 

A third req i re men t is th a t th e da ta- base sys tem shou Id be able to hand le rela tions be twee n the 
sys tem-o bjec ts (reco rd s) o f th e da ta se ts such as: 

- rela tiom betwee n r oint -record s and lin e-seg ments telling the sys tem th a t a geo logra rhica l 
r oint li es to th e ri ght or to th e le ft o r a give n line seg ment with res r ec t to the direc tion of 
it s r o int-c hain rerrese nta tion 

- r e l a ti o n ~ betwee n r o int - reco rd s a nd areas tellin g th e sys tem o f whi ch a reas a given 
geograr hica l r oint is an inn er r oint 

- rela tions betwee n descrirtiona l-a ttrihutes and lines and areas tellin g th e sys tem to which lines 
a nd / o r a reas th e desc rirtions arrl y. 

Fo urthly th e da ta- base sys tem mu st have a two-direc tional inte rface with a ma r draw in g sys tem 
which may consist of sma ll co mruters and d raw ing machin es. di srl ay units a nd mar digiti ze rs 
a nd to he ava il a bl e fo r inte r-ac tive wo rk . 

Fifthl y. we des ire th a t the DBMS have a hi gh deg ree or r ort ab ility. 

Conclusions 

Our da ta ha nd lin g invo lves the sca nning o f large and va ried da ta se ts. We do not have man r ower 
availa ble for standardi za ti on and codin g or geologica l horelogs. We need a sys tem th a t can accept 
and r rocess nat ura l language of va ri ab le lengths and str uc tu re and offe r r owe rful inrut checking 
r rocedures. To th ese spec ifi ca tions we wish to co nstruct or mod ify an ea rth science info rm a ti on 
sys tem. 
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Land-use planning aided by computer cellular modelling/mapping system to 
combine remote sensing, natural resources, social, economic, and cadastral 
data 

Harry W. Smedes 
United Sta tes Geological Survey 
Building 25, Federal Center 
Denver, Colorado 80225 
UNITED ST ATES OF AMERICA 

Summary 

Land-use pl an ning. la nd -manage ment. a nd eva lua tions o r th e enviro nm enta l impac t or specific 
changes in land use require a co nsid erati on or th e tota l enviro nm ent. Includ ed a re map, point. and 
tabul ar da ta or such va ried a ttributes as land-cover or terra in types; sur face and subsur face na tu ra l 
phys ica l rea ture such as slope, lan d fo rm . lithology. thick ness and na ture or su r fic ia l deposi ts. 
sur face a nd subs urface hydro logy. vege ta tion. so il s. wildl ire hab ita t. and ra ngela nd qua lity; 
ecology; socia 1-eco nom ic rea tures such as in co me, ethnic co nce nt ra tions. a nd ava ila ble labo r sk ill s; 
and point rea tures such as loca tions or key fac ilities. 

Some o r th ese types or da ta ca n be acquired by remote se nsin g. and o th ers must be acq ui red rrom 
co nven ti ona l so urces. In order to cons id er th e to ta l enviro nm ent. we must acce lera te th e 
acquisition or pertin ent da ta. Howeve r. remote se nsing and each or th e ma ny separa te and 
necessary disci pl ines whose so und bas ic da ta a re esse nti a l to this to ta l land -use dec ision- ma king 
have la rge ly deve loped ind epend ently. Co nsequentl y, many or th e ava il abl e da ta a re pee r-oriented 
and not readily co mprehensibl e to users outside each disc ipline. Th erero re, there is an urgent need 
to dev ise a syste m or co mbini ng and mani pu la tin g th ese new and ex isting da ta. and to prese nt 
them in und erstanda ble fo rm . 

This paper prese nts a mea ns ror co mbining and analyzin g th ese diverse types or enviro nm ental 
da ta in a com mon ro rm a t by way o r a ce llul a r com pos ite co mputer mappin g sys tem. In 
experim ents in Jefferson Co unty. Co lorado. and in south eas te rn Misso uri . this sys tem is effec ti ve ly 
bein g used as an aid in workin g toward the tim ely solut io n or such co mm only occurr ing land-use 
pro blems as se lec ting op ti mum sites fo r: acquisition or open-space and gree n be! ts. sa nita ry 
land-fill , sewage trea tm ent lagoo ns. se pti c tank s, and housin g deve lopments. 

Each a ttri bute th a t is co nsidered importa nt in th is land se lec ti on procedure ( i.e .. geo logy. so il s. 
etc.) is mapped over th e enti re a rea . Each res ulting co nve ntiona l map is ce llul ari zed to prod uce 
a ce llula r ma tri x map. The va lues ascribed to each ce ll rep resent the charac terist ic or th e se lected 
a ttribute for th a t pa rti cul a r rec tangul a r land a rea. 
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Cellul a r 111ap 111 a trices ca n then be quantita tively weighted. 111 anipulated a nd co111bined according 
to land-u se strategies dete rmined by the loca l pl anners. Alterna tive soluti ons ca n be tes ted and 
eva lu a ted. La ter. using a ny one map as a dependent va riable. an in vestigator ca n ma ke a 111ultiple 
regress ion a na lysis o r th e rema inin g ind epend ent va ri abl es ( maps) to deter111 i ne the poss ible 
predictable relati ons between maps. ror exa mpl e determinin g the rela tion or hea lth to envi ro n-
111 enta l rac tors. [n add ition. se nsitivity analys is ca n be perrorm ed. that is. a n ana lys is or the degree 
to whi ch the res ult reAects changes in th e we ights ass igned to a spec ifi c a ttribute. This ana lys is ca n 
give insights into th e minimum number o r minimum accuracy or a ttributes needed to ma ke th e 
opti111u111 decis ion. 

Es pecia ll y importa nt is that the Co unty a nd Sta te users have bee n ac ti ve ly in vo lved in the des ign. 
eva lu a ti on. a nd evo lutio n or th ese tes ts rro m th e sta rt. Jn Jeffe rso n Co unty. Co lo rado. users pl an 
to tak e over th e projec t a t th e co mpl etion of the resea rch ph ase. 

Wh ereas. each aspec t was rorm erl y co nsid ered se parately. the prese nt sys tem enables them to be 
co mbined and manipul a ted ror ana lysis; res ults have been synergistic. 

T his sys tem invo lves the use o r ce llul a r da ta in di gita l form a t. Deve lopm ents in re mote se nsing 
ena ble us to use co mpute r (programm ed with multispec tra l ce llul a r di gita l da ta rro m se nsors in 
sa tellites and a ircra rt ) to map such te rra in classes as water. vege ta ti on. and so ils. as we ll as changes 
in land cove r. I envisage th a t th ese th ematic maps ca n soo n be link ed as an important d irec t input 
into th e co mposi te co mpute r mappin g sys tem. 
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Appendix 

The parti cul a r ce llul a r mapring sys tem used was th e Compos ite Co mputer Ma pping (CC M ) 
sys tem deve loped by th e Unive rsity of Utah fo r th e Eco nomic Developm ent Administra tion or th e 
Depa rtm ent o r Co mlll erce. Th e ori gin a l progra ms we re writt en ror UN IV AC 11 08 co mrute rs. 
They have bee n rewritten fo r use with CDC 6400 se ri es co lllputers a nd a re presently bein g 
rewritten ror IBM and ror PDP- I 0 co rn pu ters. 
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Advantages of using a generalized system to manage geological data 
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CANADA 

The term s ' da ta ' and ' in lo rm ation ' are so metim es used interch angea bly. and so metim es attempts 
a re made to . er a ra te obj ecti ve. re producible rac ts (' da ta ') and the cone! usions drawn fro m them 
(' in fo rm ation' ). It ea n be shown howeve r. th at ' da ta' and ' inform a ti on ' a re part s or a hie ra rchy 
o f know ledge in which a ny element may be either ' da ta' or ' in fo rmation' (Figure l ). For exa mple, 
a surveyor uses ·da ta' in the form or in strument readings, angles a nd lengths. and produces 
' inform a ti on ' in the fo rm o f r oint loca ti ons and eleva tions. A geo logist may use. as 'd ata', thi s 
info rm a ti on. in conjun cti on with inform ation rroduced by chemists. r etrograph ers and o thers, 
r rocess th em and rroduce ' info rm a ti on , pe rta ining to the size. shape. type a nd origin or a mineral 
de r os it. fo r exa mple. This geo logica l in fo rm a ti on. in turn may beco me ' da ta' for subsequent 
p rocessin g a nd u I timate production of more new ' in form ation'. The distinction between ' da ta ' 
and ' inform a ti on ' thus depend s entirely upon our point of view. and the degree o f reproducibility 
(or obj ectivity) or any 'da ta, depends upon their position in the hie ra rchy. 

Many geolog ica l da ta ca n onl y he reco rded with a low degree or prec ision. and in a very la rge 
nu m her o f cases. pa rti cul a rl y in fi eld geo logy. it is eas ier and more co nve ni ent to reco rd only the 
co nclusions drawn a nd inle rences made. ra th er th an th e observations which led to the conclusions 
and in fe rences. In this rega rd . the field geologist usually functi ons as an interactive analog 
co mputer. interpreting obse rva ti ons as th ey a re made and drawin g co nclusions fro m them. based 
uron hi s tra inin g. ex r cr ience. r erso nal bi as and the inAuence of loca l conditions und er which he 
is or era tin g. In many cases the obse rva ti ons made and stimuli received by the geo logist do not 
lend th emse lves to bein g record ed as data: co nsequently onl y th e conclusions a re recorded, often 
in mar or o th er gra rhic ro rm . 

Alth ough this procedu re is undoubtedly effective in many cases. it is a lso ex tremely dangerous. 
beca use it may lea d to neg lecting even th ose observations which ca n be recorded for future study. 
The res ult is tha t a t som e la ter time. it may not be r oss ible to verify th e va lidity of th e conclusions. 
perhaps in th e li ght o r new da ta or chan ges in geol ogica l rhil oso phy. Even more cruci a l is the 
r oss ibility th a t a critica l item of data may not have been recorded. either through oversight or 
beca use it was so obvi ous a t th e tim e th e obse rva tions were being mad e. 

Th e use or co mputers to man age geolog ica l fi eld da ta has focussed a tt ention on th e need to be 
sys tematic in th e collecti on o f th e da ta. It has al so become arra rent that both ractu a l obse rva tions, 
and th e conclu sio ns based on th em should be recorded and distin guised as clea r ly as r oss ib le. 
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NATIONAL & INTERNATIONAL POLICIES & PLANS 

EXPLORATION STRATEGY 
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PRODUCT QUANTITIES 

Figure 1. Hierarchy of "data" and "information". 
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Only a finit e, sma ll number of opera tions can be performed on data: 

I . Co llection 
2. Storage 
3. Updating 
4 . Rea r ra nge ment 
5. Retrieva l 
6. Displ ay 
7. Analysis 

Once data are co llec ted. usin g whatever techniqu es a re necessary. th ey may be subjected to any 
of th ese opera tions in any sequence. For exa mple. da ta may be disp layed (as li sts, cha rts, maps. 
etc.) before or after upd ating, rea rrange ment, or analys is: errors are often detected by ana lyzi ng 
or displayin g the da ta or analytical resu lts; rearrange ment, retrieva l and display of se lec ted items 
may indica te what new types of data should be co llected. and so on. Wh ere th e qu antity of da ta 
is rela tively sma ll. it is poss ible, and oft en convenient to go direct ly fro m collecti on to display an d 
analysis without co nsc iously consid erin g the interven ing opera tions. In deed. many data are 
co llec ted spec ifi ca lly to fit predetermined displ ay or analytica l schemes. Much o f the co llec tion. 
storage. display and analysis of geo logica l fi eld data for examp le. typifie this situation. This 
procedure beco mes ineffic ient or un wo rk ab le. however. ir: 

I . The qu a ntity of da ta becomes very large 

2. The data are co ll ec ted , even by a si ngle ind ividual, over 
a co nsid era ble peri od of tim e, or 

3. Th e da ta are co llected by several individu al rn success ion 
ove r a long per iod of time . or simultaneously over a la rge 
geograph ic area or from diverse so urces. 

To fores ta ll these prob lems. a sys tem atic forma lized procedure must be used to handle the data 
collected. Th is invo lves building a n orga nized structure for the data (a data fi le) a nd emphasizing 
the four ma nagement fun ctions li sted above (storage. upd atin g. rearrangement and retrieval). 
Unfortunately, many geo logis ts seem to beli eve tha t the way da ta are co llected in the fie ld (codes. 
input documents used, etc.) determines the way in which th ey can be proces ed, or th a t th e kind 
of storage a nd retrieva l ( manage ment) sys tem determines how the da ta must be collected in the 
fie ld . Although it may be convenient to reco rd da ta in formats or on specia l input shee ts which 
will facilitate subsequent computer process in g, the processes and procedures in vo lved in da ta 
collection a re for th e mos t part entirely separa te from th ose involved in data ma nagement. and 
linking these two aspec ts merely imposes ad ditional ha rd ships and constraints on th e field 
geologist. Whereas geologica l fie ld da ta are undoubtedly unique in many aspects. the prob lems of 
managing them are not. 

Data files may be managed either by co nstructin g an ad hoe sys tem ta ilored specifica ll y to the data 
in th e file and the perceived or anticipated uses to which they will be put , or by making use of a 
genera lized ma nage ment sys tem designed to handle a wide ra nge of da ta fi les and types. 

An ad hoe sys tem ca n be very efficient in its use of co mputer tim e, but it normally requires the use r 
to have a considerab le amount of co mputer kn ow ledge and experience, or th a t he have access to 
a programmer or sys tems ana lys t who is know ledgeable in th e user's spec ia lity. The expense 
associa ted with anything more than the very simples t ad hoe sys tem is usua ll y quite large, beca use 
each operation performed on the fil e, be it entry of new data. retrieving a nd sortin g or correc tin g 
( upd ating) da ta, req uires the writing ofa separate progra m or progra ms, and programming costs 
are high. Moreover, th e builder usua lly fi nds that a fter a fil e has been part ia ll y constructed. he 
wished to cha nge it in so me way - add or delete da ta items, use different forma ts for so me items, 
split items into two or more, etc., - and for an ad hoe sys tem , this a lmos t invariably requires 
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complete red es ign and reprogramming. with attendan t expense and los or tim e, effort and 
so metimes inf"ormation. Unfortunately. there is every like lih ood tha t th e builder wi ll want to make 
fu rthe r changes when th e ' new ' file is partially cons tructed . and this procedure may be repea ted 
severa l times. o r th e builder may decide to proceed using a sys tem which is less th an adequa te. 
Expenses a re li ke ly to be high. regardless o r the proced ure adopted. 

Genera li zed data mana ge ment sys tem s have heen defined as " .... use r-oriented, ge nera li zed 
so ftware pack ages designed fo r the maintenance or and se lec ti ve retrieval from ... files or various 
types a nd structures. Th e prim ary goa l or th ese sys tems is the abi lity to manipulate data files, 
performing functions re la ted to fil e definition. file creation. file interrogat ion a nd fil e maintenan
ce." (Dolan et a l.. 1970 ). Key phrases in the defini tion include: 

I. "user-oriented" - th e use r shou lei be able to manage his ow n cla ta without hav ing to 
become a computer expert first. or with out con tinuing ass istance from professional 
progra mmers. 

2. " files of var ious types and struc tures" - a lth ough mos t genera lized sys tems have been 
designed for business app licat ions, they can often be used equa ll y we ll for scie ntific 
pu rposes; a few have been designed specifically fo r sc ien ti fic uses. 

3. " functi ons rela ted to file defini ti on. fi le creation, fi le interroga tion and fil e maintenan
ce" - a good sys tem will assis t the builder with a ll aspec ts of data manageme nt , from 
defining and crea tin g a fi le to se lect ive ex trac tion of data items from it. Not a ll sys tems 
perfo rm al l f"un ctions with equa l success: some sys tems may have good retrieval 
capabi lities but may be woefu ll y weak in th eir fi le-b uildin g or upd a ting fu nctions. or 
vice ve rsa. For scientific applicatio ns. a sys tem shou ld be ab le to re tri eve data in for ms 
which ca n be used directly as input to analyti ca l or display progra ms and packages. A 
good sys tem is well balanced. 

At the present time. there are seve ra l hundred sys tem s avai lable which purport to be "generali
zed'. Some are d ist ri bu tee! by hardware manufacturers and so me are marketed by corn pan ies 
'specializing in o ft wa re. The la tter often have a fai rly broad compa tibility with different types of 
co mputer hardware. in co nt ras t to the fo rmer. 

The cost o r acquiring a generalized data management sys tem varies as wide ly as the ra nge of 
serv ices provided. from about $3000 to SSO OOO. and the mos t ex pens ive is not a lways the best for 
a particular ap plica tion. Obviously th e amount or anticipa ted use must be ab le to justify the cos t 
o r acqu isition, which on first inspec tion may seem to be inordina tely high. However, when cos ts 
are bein g considered, it must be remembered that many thousa nd s of dollars may have bee n spent 
to co llect the da ta. and that many thousa nds more can very quickly be spent for sa laries of 
prog rammers , ana lysts and geo logists in tryin g to ma ke a poorly-desig ned or o th erwise 
reca lci tra nt sys tem opera te sa ti sfactorily. not to mention th e indirect cos ts of frustration crea ted 
an d time los t in th e process. 

F inally, on the subjec t of cos ts. it is to ta ll y unrealistic to believe that the use of any kind of 
com puter data management sys tem will lower the abso lute costs re lated to usin g any co ll ec tion of 
data. However, a lthough abso lute cos ts will normally increase, an effect ive system wi ll increase 
cos t efficiency. lower cost pe r unit of opera tions, and prov ide the opportunity to un dertake tasks 
which o th erwise would have been imposs ible to co ntempla te. 
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Geologic Retrieval and Storage Program (GRASP) 

Joseph Moses Botbol and Roger W Bowen 
United States Geological Survey 
National Centre Mail Stop 904 
12201 Sunrise Valley Drive 
Reston, Virgi nia 22092 
UNITED STATES OF AMERI CA 

T he U.S . Geo logica l S urvey deve lo ped a G eo logic Re tri eva l a nd Storage Progra m (G RASP ) in 
res po nse to a n im medi a te need ro r inte racti ve o il a nd gas poo l d a ta p rocess in g. The d es ig n 
philosophy or GR ASP was la rge ly gove rn ed by ro ur pa ra meters: co mple te sys tem po rt a bility, 
im medi a te data access. s implic ity o r o perati o n. a nd geosci e nce o ri e nta ti o n . Th e re a re 400 
va ri a bles ror each poo l in th e o il and gas d a ta fil e. In ad diti o n. th ere is a gra phics fil e co ntainin g 
the bo und ary vecto rs fo r each poo l. Th e fil es a re link ed via a uniqu e id e ntifi ca ti o n number. 
Ta bul ar d a ta a re input to G R AS P v ia a tw in mag netic ta pe casse tte te rmin a l o r. ir th e data a re 
co mpute ri zed. by refo rm a ttin g . Gra phics d a ta a re input v ia a catho de ray tube (C RT ) and 
drum -sca nn er tec hnique. Output rrom the sys te m is prim ar il y vi a C RT. a lth o ug h fu ture pl a ns ca ll 
fo r the use or o th er periph era l o utput d ev ices th a t ca n be addressed f'ro m th e C RT. 

Introduction 

A bo ut lWO yea rs ago. th e U. S. G eo log ica l Survey de te rmin ed th a t ba tch sto rage an d re tri eva l o r 
tab ul a r d a ta were i na d eq ua te to mee t p rogra m me de ma nd s. F urth e rm o re. as geo logists trad i ti o
na lly use m a ps fo r g raphi ca l re presenta ti o n o r the ir da ta. a ny p roj ec ted s torage a nd re tri eva l 
sys te m wo ul d have to have th e ca pa bility o r ge nera tin g ma ps. 

Th e U. S . Geo logica l Survey. th e A me rica n Assoc ia ti o n o l' Pe tro le um Geo log is ts . a nd the 
U nive rsity o r Ok la ho ma . wo rkin g o n a coo pe ra tive o il a nd gas poo l data ba nk p roj ec t. eva lu a ted 
ma ny ' in -ho use' a nd co mm e rcia lly avai la ble info rm a ti o n sys te ms a nd d ec ided th a t modifi ca tio n 
o r a ny ex is ting sys te m wo uld be bo th co nce ptu a ll y a nd mecha nica ll y too co nfi ni ng. T he mos t 
efficient ro ute. tha t o f' d eve lo ping a G eo log ic Re tri eva l a nd Storage Sys te m ( GRASP ) th a t had the 
a bility to m an ipul a te bo th tab ul a r a nd graphics d a ta . was ad o pted by th e U . S. Geo log ica l 
Survey. 

T he d esig n philoso phy o r th e GRASP sys te m was gove rn ed by th e lo llow in g co nsidera ti o ns: 

l. Comple te po rta bilit y. Th e sys te m ca n be in sta ll ed o n a ny sys te m th a t has a stand a rd 
A NSI FOR T RA N IV co mpile r. 

2. Im med ia te d a ta access. Th e sys te m was des ig ned to be impl e me nted in a tim e-s ha ring 
mo d e. This, o r co urse. d oes no t p rec lude it s ope ra ti o n in ba tch mode. 
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Table 1. Tabular in forma tion catego ri es of the oil and gas pool data file. 

Identity 

Vi tae 

G eo logy 

Engineering 

Rese rvo ir rock pro perues 

Development 

Rese rvoir Auid pro perti es and sa tura tion 

Produ ction 

Reservo ir press ure a nd producin g ratios 

Hyd roca rbon vo lum e and prim ary rocove ry 

Seco nd a ry recovery 

Chemica l da ta: crud e 

Chemica l data: na tural gas 

Chemi ca l da ta: wa te r 

Di scove ry we ll da ta 

Dee pes t well data 

G enera l co mm ents 

3. Simplici ty o r opera ti on. There are 11 co mm and s in the GRASP co mm and language. 
G ra phics a re implemented by using a ' menu ' technique. 

4. G eoscience orientation. Fil e structure a nd manipul a tion. graphics implementation, 
a nd ge neral re tri eva l operations we re a ll des igned to be used in a way th a t a geologist 
mi ght as k ques tions or a da ta bank. 

At th e prese nt tim e th e tabul a r storage and retri eva l pa rt or GRASP i5 rull y opera tiona l. Various 
as pects or th e graphics pa rt or the sys tem have a lready been success rull y tes ted, a nd it is ex pected 
th a t the gra phics will be full y operational by autumn 1974. 

Oil and Gas Pool Fil e Description 

Th e fo ll owin g is a bri e f' desc ription of both the ta bu Ja r da ta a nd th e graph ies da ta which co rn prise 
the o il and gas poo l da ta fil e and upon which GRASP is presently runctionin g. 

Tahular data. The entire da ta se t is composed o f about 400 va ri ables for each poo l. Beca use of the 
brevity o r this report. only in fo rm ation category headings are li sted in Ta ble I. 

Graphics data. Th e gra phics da ta fil e is co mposed of the bound ary vectors th a t defin e the outlines 
of eac h pool in th e sys tem. Link age to th e tabul a r pa rt of th e sys tem is by a uniq ue pool 
identifi ca tion num be r a nd by maximum and minimum northing and eas tin g. 
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Data Input 

Both the tabular and th e gra rh ics da ta each have their own d is tinct meth od or entry into G RAS P. 
Ta bula r da ta occur in two tyr es: da ta th a t pre-ex ist in another co mru ter sys tem and data co llec ted 
especia ll y for G RASP. G rarhics da ta a re ente red directly fro m maps. 

Tabular data input. Co nventi ona l reform attin g r rogra ms are used to co nvert ex isti ng com puteri 
zed da ta to G RAS P. New da ta a re entered to G RAS P via a program mable te rmina l equ ipr ed with 
twin magne tic tape casse ttes. One of' the casset tes d isrl ays the data-co ll ec tion form on a C RT. th e 
ot her casse tte records the da ta keyed in by a n or era tor. When keying is comp leted. the da ta ta pe 
is rewound. a dia l-up li nk betwee n the co mpu ter and th e termina l is estab lished. and da ta are 
loaded direc tly in to th e sys tem. 

Dictiona ries of bo th new and ex istin g charac ter ent ries a re ed ited fo r correc tnes·s. and afte r an 
accumula tion of new cha rac ter variables is co mpiled. the new entr ies a re merged wit h the ex ist ing 
GRASP dictionaries. 

Graphics data input. Ma r s or ph otographic redu cti ons or maps a rc th e so urce docume nts th a t 
prov ide da ta for th e G RASP grap hics da ta fi le. The device used to digiti ze th ese documen ts is a 
high reso lutio n ro ta ti ng m icrodensi to me ter (ea li ed a "d ru m sea n ner " ). A mar or rho to. eithe r 
opaque or trans parent. is direc tl y di gitized on th e sca nner. The sca nner measures the intensi ty of 
gray fro m 0 to 30 (256 levels or gray) fo r ce ll s or 12.5. 25. or 50 microns sq ua re (selectab le). 
Optica l densi ty is d igita ll y recorded on magnet ic ta pe where fea tures or a give n colo ur o r line 
weight a re represe nted by th eir res pec ti ve optica l densiti es: thei r pos itions on the source doc ument 
a re recorded as sca n in te rception positi ons. Once a doc ume nt is sca nned. co ntiguous ce ll s of th e 
sa me optica l density fo rm a fea ture. Simply sta ted. th e sca nned image is a n a l ogou~ to a home 
television picture. 

Th e digitized im age is re played direc tl y onto a storage type C RT equirped with a loca tab le cursor 
(or light pen ). The curso r is r os iti oned within the bound ary of any desired poo l. a nd the 
identifi ca ti on number o f the poo l ( read off the scree n ) is keyed direc tl y into the co mpu ter. At this 
point th e ent ire ma p im age has bee n d igit ized. a nd an a rray of cursor pos iti ons wit h correspon
ding id enti fica tion numbers has been entered into th e co mputer. The d igitized image is the n 
processed so th a t only lin e vec tors th a t com plete ly ho und the curso r ros itio ns a re extrac ted fro m 
the digitized map im age. T hese bound a ry vec tors a re outlines of the pools th a t comprise th e da ta 
bank. Figure I illustra tes thi s entire opera tion. includin g the co mputer ove rl ay in g th a t extrac ts th e 
a pp ro pria te bou ndary- 1 in e vec tor assoc ia ted with eac h ide n ti fl ca tion nu mber. Figure 2 co ntains 
a direc t print o f a ph oto- reduced map of the oil pools in north eas te rn Co lora do. a rr int of the 
scanned im age o f this ph oto, and a two-step enl a rge ment or th e sca nned im age to the sca le o r th e 
original map ( 1: 500 OOO). Th ere is no easily de tectabl e difference betwee n these photos. a nd th e 
digita l step increments in the enl a rge ment to o ri gin a l sca le a re smoot hed by the gra in of the film 
so th a t the increments are not detec ta ble. 

Data Output 

At th e present tim e. interac ti ve graphics type C R T's a re th e prim ary mea ns o r G RASP da ta 
output. a lthough any sta nd ard a lph anum eric te rmina l will acco mmodate th e tab ul ar output. 
When the gra phics portio n of th e sys tem is full y operationa l. the C RT will se rve as th e prim ary 
output terminal, a nd output will subsequently be dircc tablc to any perirhera l g ra phics dev ice. 

In order to enh ance th e gra phics output. geographic co nstants fi les co mrosed of di gitized politica l 
bo und aries. major drain age. a nd sta nd ard coo rdin a te sys tems. will be used . An y o f th ese 
geographic fli es ca n be directl y overl ayed on a retri eva l map. 

GRASP is prese ntl y o r era ti o na l o n the fo llowin g co mputers: UN IVA C 11 08. PDP- 1070: 
ba tch-only opera tion has been executed on a n IBM 360/65 and a n IBM 370 / 155. It is ex pected 
th a t in the ve ry near future GRASP will be time-share operationa l on the IBM 370 / 155. 
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Data-base management system for environmental geological data in 
Czechoslovakia 

J. Hruska 
Geoindustria Praha 
U Pruhonu 32 
Praha 7 
CZECHOSLOVAKIA 

In Czechoslova kia a sys tem has been developed for environmenta l (spatial) da ta storage and 
retrieva l perta inin g to reg ional planning. natural environment and eco nomic minerals eva luation. 
Czechoslovakia's intensive economic act iviti es mu st take acco unt or further restrictions imposed 
on new buildin g sites and development areas in ord er to sa ve na tural resources. as yet 
LI nexhausted . for ge nera li ons lo come. In the rra mewo rk or a a tiona I Sys tem l.S . u. ( Integrated 
National System of Territorial In formation). the orga niza tions o f' geo logical surveys and G eofond 
have prepared or are preparing a GEOLOGICAL S UBSYSTEM or th e l.S .l. databank. Thi s 
subsys tem ha s now reached a development and experiment or 10 files. connected by a unigue 
computer sys tem. common minimum da ta items and common file structure. These files. in various 
stages or imp lementation. have a content and purpose as follows: 

I . Mineral deposits (including indu strial minerals) 
2. Geol ogical field maps 
3. Waste depos its . undermined areas. etc. 
4. Nature conservation objects and areas 
5. Potabl e gro undwa ter so urces 
6. Mineral grou nd waters and spas- areas 
7 . Land s! ides and other geodyna m ic phen omena 
8. Hydrological and water - engineer ing data 
9. Engineering geo logical maps and site inves ti ga ti on reports 
I 0. Engineering geo logica I borehole description s and tes ts. 

Every yea r the Czech Geo logica l Onlce and G eofo nd the C :ech docum entati on state se rvice 
compl ies with hundred s or requests for inform ation on many practical problems. summarizin g 
and furni shing hi ghly releva nt record s to profess ional workers who make use or th em for specific 
tasks. More and more guantitatively oriented demands such as in tab le or graphic fo rm. sta ti stica l 
reviews. etc. have been required rece ntl y. This has ta ken into consideration a proj ec t or 
environmental geo logical compat ible file s based on existing informati on so urces in th e first stage. 
Estab lishin g elements and standard s or a national spatiall y conceived sys tem will faci li tate 
di sse mination. exchange and corre latio n or data by computer. 
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Alter we had experimented with two sma ller files in 1970 . we created a task gro up fo r sys tem 
selec tion. 

First. inform a ti o n was obtained l'rom a repo rt or CODASYL sys tem 's commission ( 197 1) 
"A nalysis or properties ge nera l data-base sys te ms". This report concerns ten major sys tems. From 
these ten sys tems on ly two were actua ll y tes ted or prepared in regard to areal application: 

I PS / FFS 
IMS 

Next. information was ob ta ined from Hru ska and Burk ( 197 1 ). Alter excluding non-available and 
pilot project systems. there remained only four available computer sys tems. 

Finally. program sys tems developed and applied in Czechoslovakia were added (sec Fig. I ). 

Building Raw Minerals File: A Case S tudy 

During the past live yea rs GEOINDUSTR IA n.p .. in cooperation with Geolond. collected 
geo logical. technica l and eco nomic information for about 16 OOO quarries . gravel and sa nd pits, 
either ope ratin g or aba nd o ned. and geo log ica ll y adva ntageous ou tcrops fo r possi ble ex pl oita ti on. 
This information recorded on unique "'open-language" format was compiled by many professio
nals partly l'rom existing documen ts (maps. technical reports. mineral reserve ca lcul atio ns. etc.) 
and partly by field obsen-;H ion . 

Fi le co nten t was developed a l't er co rn pet en t di scuss ions. A stand a rd record form contains 120 data 
items divided into eight pam (Figure I) . 

Minera l Building Raw Materials File 
A sys tem design was tes ted by using programs of" the AST! sys tem. The ex periment on 298 records 
ol carbonate indu st rial depos its or Bohemia and Moravia was very effic ient for sto ra ge and 
user-oriented retrieval. Prospec tive aims or co mpatibility an d integration ol files with the offici al 
l.S.U. databank has been forecast. so that the input form is now ava il ab le !or both systems. as well 
as a data base. manua ls and forma ts. 

Comput erized Engineering Geological Maps 

Engineering-geo logica l maps at a sca le or I :25 OOO are now being cons tructed in Czechoslovakian 
areas designed for both industrial and building development in years to come. These areas are 
usually covered by a dense network or previous geo log ical reco rd s. with about I 0-12 reference 
poi nts per sq . km . One map shee t conta in s about 1000 boreho les. 

Prim ary records - location a nd geo logic description or the boreholes and ex posu res. as well as 
results or laboratory tests or physical prope rti es or ground s - were formalized. punched and 
processed through th e I.S. U. standardi Led routine. The Engineering-geological Map se lected 
routine was used to se lec t and ca lcu late constructiona l values - bound ar ies and thickness or 
individu al beds above sea level and gro undwater leve l. 

The progra m was a lso helpful in tran sfo rmin g the coord inates and processing both the se lected 
and calculated values so as to ass um e the shape required !or an interpola tin g routine input. The 
interpo lation routine was th a t or SYMAP. version V. with graphica l output represented by the 
ni aps show in g contour lines or th e respective construc tional elements (IBM 360/40 ). Seven 
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MINERAL BUILDING RAW MATERIALS 
file 

GEOI NDUSTR IA Pr aha 
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~---~(A) LOCATION 
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.; L... c 0,.. C» V1 - - a_ 
j i/1 :L.:: :L~ 5\ iS ~ l>-
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Figure 1. Mineral building raw materia ls fil e. 

a na ly ti ca l ma ps o r the a rea were co nstructed during o ne cyc le (conto ur lines of pre-Quaternary 
base me nt, isogram s or Qua tern ary bed thickness, hyd ro ishye ts e tc ). 

Co mpute r-processable da ta fil es sho uld be rega rd ed as fulfillin g the grow ing need for easily 
access ible a nd readil y co mmunica bl e inform a ti o n, a nd ca n be th o ug ht of as prov iding "compute
ri zed info rm a tion po te nti a l ". The use fu lness o f such fil es co uld be sign ifican tl y e nha nced if the 
followi ng po ints a re tak e n into cons id era ti o n: 

1. Content must be m ea nin g ful. ho mogenous a nd s ig nifi cant. 

2 . N o tation must be inte rn a lly cons iste nt , meaningful a nd as effi cient as poss ible fo r 
co mputer. 

3. Fil e s tructure must be as simple as poss ibl e. 

4. System desig n must a ll ow suffi cie nt Aexibi lity to permit fi le restructurin g w itho ut m ajo r 
sys te ms modifi ca ti o n a nd be ada ptable. Th e o utput sho uld be tail ored to th e needs o f the user, 
to s ta tis tica l subro utines. e tc. Da ta ba nk a rrange ment is the bes t goa l o f suc h syste ms. 

Th e prob lem o f no tat io n (coding, ma n-m achine interface) a ppea rs to be the firs t se ri ous proble m 
o f the file creator. The mea ning o f geo logica l da ta is often more difficult to tra nsmit th a n the 
mea nin g o f da ta from mo re exac t scie nces . The primary reason fo r this see ms to li e in the menta l 
ha b it inherited from geo logica l tradi tio n. 
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