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INTRODUCTION 

In a broad sense, a mineralogical museum is a kind of library that 
serves both as a medium for display of interesting objects and as a reposi-
tory for reference material. It is in this latter role that it is most useful in 
scientific investigations. 

A major problem in the use of a museum as a reference tool is the 
retrieval of specimens that possess certain combinations of characteristics. 
Such retrieval requires complex cross-indexing or sorting and can be time-
consuming. For these reasons, a series of computer programs called the 
NMBMMR Mineralogical Museum System has been developed. This report 
describes the system and its use. To our knowledge the only other mineral-
ogical collection which has been computerized to date is that of the Smith-
sonian Institution (Creighton and King, 1969). 

The authors wish to acknowledge the help of the New Mexico Institute 
of Mining and Technology Computer Center staff, especially Tom Nartker 
and Patricia Myers, for assistance in the construction of the system. 

HISTORY OF THE MUSEUM 

The mineralogical museum was begun in the early 1900's when C. T. 
Brown, a member of the Board of Regents, gave 2,565 specimens to the New 
Mexico Institute of Mining and Technology (then called New Mexico School of 
Mines). Unfortunately, 50 percent of the Brown Collection was destroyed 
by a fire in 1928. Until 1964 the collection was maintained by the Geology 
Department of the School. When the New Mexico State Bureau of Mines and 
Mineral Resources wing was added onto the Research and Development 
building in 1962, provision was made for a mineral museum, and a consider-
able portion of the collection was transferred to the Bureau. 

In 1965, a systematic inventory of the entire collection was begun by 
Edward Bingler, mineralogist for the Bureau. Bingler left in 1967, and this 
task was taken over by Jacques Renault and student assistants Lorna Goebel 
and Rena Bonem and graduate assistant Ronald Riese. At that time the re-
mainder of the collection was transferred to the Bureau and divided into four 
subcollections: 

1.  A display collection, consisting of spectacular specimens 
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2. The Dana Collection, consisting of individual minerals classified 
according to the Dana System 

3. A working collection, consisting of specimens that could be de-
stroyed in the course of analytical investigations or traded for 
new material 

4. A backup collection of duplicate material 

Although 8,800 specimens had been cataloged, only 6,900 specimens 
have been recovered and inventoried for the present system; the remainder 
is presumably lost. 

Previously, access to the collection had been by a filing system in 
which specimens were stored or displayed in various places by species, and 
specimen data were recorded on cards filed by catalog number in order of 
acquisition. The information recorded for each specimen consisted of min-
erals present, locality, donor or source, and comments (such as composi-
tion, diffraction pattern, etc.). To examine a specimen that had a desired 
combination of characteristics, such as mineral assemblage and mining dis-
trict, it was necessary to search through all the storage locations of all the 
minerals in the assemblage. In 1969, we began to computerize the on-file 
mineral data and have now essentially completed the task. 

The Bureau is currently preparing X-ray-diffraction patterns and 
emission spectrograms of material in the museum collection. These new 
data are being added to computer storage as they are acquired. At present, 
catalog number, mineral assemblage, donor, geographic location, storage 
or display location, and comments are recorded on two IBM cards and 
stored on disc. Additional information, such as correspondence, biblio-
graphic data, and analytical data, is stored on tape. 

COMPUTERIZATION 

The mineral collection was computerized to facilitate cross-refer-
encing and recovery of specimens with desired characteristics. The specific 
goal was to be able to search in six categories: mineral assemblage, geo-
graphical location, storage or display location, donor or source, comments, 
and extra data; this goal has been achieved. 

The mineralogical museum programs were written for the IBM 
360/44 computer at the New Mexico Institute of Mining and Technology Com-
puter Center. This computer has a 32 K core storage. Specimen data are 
punched on IBM cards and ultimately copied onto disc. The system is writ- 
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ten in FORTRAN IV; it can accommodate 160 bytes of information per speci-
men on a two-card format and unlimited information in an "extra-data" for-
mat. The system is designed to print six basic kinds of lists that can be 
displayed in alphabetical order of minerals, numerical order of catalog 
number, and with or without all of the stored data for each specimen. The 
basic lists are: 

1. All catalog numbers in the collection 
2. All mineral species in the collection 
3. All geographic locations represented in the collection 
4. All donors or sources represented in the collection 
5. All storage or display locations 
6. Any combination of mineral assemblage, locality, storage, donor, 

comment entry, and extra data 

Structure of the System  

Three types of programs' constitute the system: (1) those used to 
store records of all specimen data on tape and disc (MUSLDR, MUZMGR,  
and UNBLK), (2) those used to provide and maintain catalogs (RDR, MNLIST, 
CORRCT, and UPDATE), and (3) those used for searching (MNRL and other 
single-criterion searches and MULSER). A description of each program is 
given in appendix  A and flow charts are included in appendix C; appendix D 
contains program listings. 

Once the cards for each specimen have been punched and the infor-
mation stored sequentially on disc, RDR and MNLIST are used to write lists 
of all stored data in the two-card format by catalog number and by all min-
eral species in alphabetical order. These lists are used principally for mu-
seum bookkeeping. Individual specimen records are corrected or augmented 
by the program CORRCT. Deletions of old records and additions of new 
records are accomplished by the program UPDATE. Additional information 
is stored on tape in the extra-data format and is called for by MULSER. 

The single-criterion search programs (MNRL, DONOR, TOWN, 
CONTRA, etc.) and the multisearch program (MULSER) are used to extract 
mineral data from disc storage. The program used depends on the type of 
information desired and whether the search is to be done on the basis of a 
single criterion (e. g. , mining district) or a combination of criteria (e. g. , 
galena + fluorite + Hansonburg district). 
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APPENDIX A 

Descriptions of Programs  

MUSLDR  

This program and MUZMGR arrange the specimen records according 
to catalog number. It was necessary to do this in two steps because core 
sorting in the IBM 360/44 at New Mexico Tech is restricted to 160-byte rec-
ords of up to 500 specimens. 

The first step, MUSLDR, is used to make a tape on which specimen 
records are arranged by catalog number in blocks of 500 entries. The en-
tries in each successive block are simply whatever groups of 500 records 
are successively loaded into the computer. After each block is sorted in 
core, it is written on tape; this process continues until a trailer card with a 
zero catalog number has been read. See Figure 1 for a flow chart of 
MUSLDR. 

MUZMGR  

The second step, MUZMGR, is used to convert the tape made by 
MUSLDR into a tape in which all  records are in order of catalog number. 
This is accomplished by merging the blocks made by MUSLDR. Three tapes, 
including tape (1) made by MUSLDR, are required. 

Block (1) is copied onto tape (2) and the number of remaining speci-
mens on tape (1) is calculated to determine the number of repetitions neces-
sary to complete the merging of all the blocks. Block (2) is then read into 
core and each record is compared to the records on tape (2). As the com-
parison proceeds, the records of block (1) and block (2) are merged in prop-
er sequence onto tape (3). Block (3) is then copied from tape (1) into core 
and then compared with the records on tape (3). As comparison proceeds, 
the records of blocks (1), (2), and (3) are merged onto tape (2) in correct 
sequence. Block (4) is read into core, merged with blocks (1), (2), (3) and 
copied onto tape (3). This process of reading into core and alternating tapes 
continues until all of the records on tape (1) are exhausted and merged either 
onto tape (2) or (3). A message appears on the printer to inform the opera-
tor which tape contains the complete sequential file .  The MUZMGR flow 
chart is shown in Figures 2 and 3. 
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UNBLK  

The UNBLK program is used to copy the information on tape onto 
disc. Records of two specimens consisting of a total of 320 bytes are con-
verted into a single disc record of 360 bytes; the additional 40 bytes are 
terminal blanks to make the record length compatible with FORTRAN. 

Currently, writing two specimen records per disc record is the most 
economical way of storing information. UNBLK reads the tape records of 
two specimens, then writes them as a single record on disc. This process 
continues until all tape records have been read. Figure 4 shows the flow 
chart for UNBLK. 

RDR  

This program provides a listing and optional tape copy of the catalog 
information recorded on the MUSLDR tape. 

First a card is read to determine whether a tape copy is desired. If 
that card has a "0" in the first column, no tape will be made. One sample 
entry consisting of 160 bytes is read; then if a tape is desired, an unformated 
record is written on the new tape. Finally, the records are printed. This 
sequence continues until all records have been read. Figure 5 shows the 
RDR flow chart. 

MNLIST  

The MNLIST program is used to produce an alphabetical listing of all 
mineral species stored on disc. 

The procedure followed  is to use a blank as the first entry in the list 
to be made. Then the five mineral entries in each specimen are compared 
to all entries on the list, and if a mineral is found to be different from those 
already included on the list it is added. This process continues until all 
records on the disc have been searched and CORSRT, an on-line alphabetiz-
ing subroutine, is called. The alphabetical list is then written on the printer. 
See Figure 6 for a flow chart. 

CORRCT  

The program is used for all corrections that do not require addition 
or deletion of records on the catalog disc; corrections are accomplished by 
rewriting the appropriate record. 

The corrected information is placed in numerical order of catalog 
numbers. First, one corrected record is read as two cards, then the disc 
catalog numbers are compared to the correction catalog number until the 
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disc catalog number is no longer less than the number read. If the two are 
equivalent, then the record is rewritten with the new information. However, 
if the disc catalog number is greater than the correction catalog number, 
then an error in sequencing has occurred and an error message appears on 
the console typewriter. This condition also occurs in termination as the se-
quence of reading and corrections continues until the trailer card of "0000" 
is read. A flow chart is shown in Figure 7. 

UPDATE  

This program is used for additions of new records and deletions of 
old records on the museum catalog disc. Simple corrections which can be 
achieved by merely rewriting the record are accomplished by using the pro-
gram CORRCT. The UPDATE program must be performed by making a tape 
and rewriting the disc catalog. UPDATE cards for a deletion contain only 
the specimen number, and cards for additions are identical to cards used in 
compiling the catalog. 

The procedure followed is to first read the UPDATE cards in order 
of sample number. Then the original tape is copied onto a new tape until the 
catalog number of the update is less then or equal to the current tape rec-
ord. At that point, the old record is omitted or the new record is inserted 
in numerical sequence on the new tape. This process continues until a 
trailer card "-1111" is encountered. Figure 8 shows the UPDATE flow 
chart. 

Single-Criterion Searches 

MNRL, DONOR, TOWN, etc, are all basically similar and are used 
as searches for a particular item within one of the criteria used in describ-
ing the specimens. These programs were used in building the system and 
are not used in routine applications because single-criterion searches can be 
accomplished by MULSER. 

To use these programs, the name of the criterion desired is read in, 
then all of the records on the disc are searched for the information. If a 
match occurs, the catalog number of that specimen is added to a list which 
is printed at the completion of the search. Up to 50 items may be searched 
for at one time and the last search is indicated by the "0000" trailer card. 

An example is the search for White Oaks mining district, New Mex-
ico. The MINDST program would be used and WHITE OAKS would appear on 
a card and be followed by a "0000" card if this is the only search. If other 
searches are desired, they would follow WHITE OAKS before the "0000" 
trailer. Then records are read on the disc and the mining district name is 
compared with WHITE OAKS. The catalog numbers of any matches are 
stored in a list until the entire disc has been searched. Then all catalog 
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numbers where matches occurred are printed under a title "MINING DIS-
TRICT SEARCH FOR WHITE OAKS." Figure 9 gives a flow chart for the 
special case of mineral searches where five names have to be compared 
(MNRL) and other single-criterion searches are flow charted in Figure 10. 

MULSER  

This program is designed to search, for a combination of 1 to 15 of 
the following criteria: 

(a) 1 to 5 mineral names 
(b) Catalog number 
(c) Donor 
(d) Geographic location 

(1) Country 
(2) State 
(3) County 
(4) Town 
(5) Mining district 

Storage or display location 
Comments 
Extra data 

(1) Locality data 
(2) Analytical data 
(3) Bibliographic data 
(4) Correspondence 
(5) Miscellaneous 

The data deck consists of a card indicating the number of records on 
the disc, followed by a code card with the number of criteria upon which the 
search is to be based and ones and zeros in 14 positions, one position for 
each criterion except extra data, indicating which criteria are to be search-
ed for and which are not to be searched for. The 14 positions on this card 
are in the order in which the criteria occur in storage. Following this card 
are cards with the names of the items to be searched for, in order. A card 
with letters signifying the type of extra data (if any) desired is next and is 
followed by a card with the number of extra-data entries on the extra-data 
tape. 

The procedure is to search for the first name within the criteria on 
each record. If the name matches the corresponding entry for the record, 
the next name (criterion) is compared; if it matches also, the next name is 
compared. When a match does not occur, the next record on the disc is ex-
amined for the first criterion. If a specimen  matches all criteria, its cata- 
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log number is added to a list, which will be printed when all records have 
been searched. 

If extra data exist for a particular specimen beyond that that can be 
stored on the museum catalog disc, it may be stored on the extra-data tape. 
In this case, an "X" occurs in the last space of the second specimen-card 
format, and the nature of the extra data is indicated by L for locality data, A 
for analytical data, B for bibliographic data, C for correspondence, and M 
for miscellaneous data in the last five spaces of the comment entry on the 
second-card format. 

If particular kinds of extra data are search criteria, the pertinent 
entries on the extra-data tape are printed out. The MULSER flow chart is 
shown in Figure 11. 
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APPENDIX B 

Formats of Data Cards  

Primary Data Cards 

Two cards are required for each museum specimen. The first card  
consists of: 

1. A 5-digit field for acquisition number 
2. Five 12-character fields to accommodate five mineral 

name s 
3. A 15-character field to accommodate the donor name or 

source 

The second card  consists of: 

1. An 8-character field for country of origin 
2. An 8-character field for state of origin 
3. An 8-character field for county of origin 
4. An 8-character field for town of origin 
5. A 16-character field for mining district of origin 
6. A 21-character field for comments 
7. A 5-character field for extra-data designations 
8. A 3-character field for specimen location in the museum 
9. A 1-character field which contains an X if extra data for 

the. specimen exists in museum files 

Lack of information is indicated by blanks in the appropriate field on 
either card. 

Retrieval Data Cards  

The data deck for retrieval of information from the stored specimen 
data consists of two control cards and a card for each criterion to be search-
ed. 

The first card  contains the number of specimens to be included in the 
search, usually the number of museum specimens that have been stored in 
the system. 

The second card  consists of: 

1. A 2-digit field indicating the number of search criteria 
2. A 1-digit field for catalog search 



3. A 5-digit field for 
4. A 1-digit field for 
5. A 5-digit field for 
6. A 1-digit field for 
7. A 1 -digit field for 
8. A 1-digit field for 

mineral search 
donor search 
geographic location search 
comment search 
museum storage-location search 
extra-data search 
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The cards that follow the second card name each criterion in the fol-
lowing order: 

1.  One card far catalog-number search 
2. Up to five mineral cards 
3. One donor card 
4. Up to five geographic-location cards in the following order: 

a. Country 
b. State or province 
c. County or equivalent 
d. Town 
e. Mining district 

5.  One card for comment words to be searched 
6.  One card for museum storage location to be searched 
7. One card for extra-data search, with designations in col- 

umns 1 through 5 in the following order: 
a. Locality, designated by "L" 
b. Analytical data, designated by "A" 
c. Bibliographic data, designated by "B" 
d. Correspondence, designated by "C" 
e. Miscellaneous data, designated by "M" 

On the second control card, a search for a particular criterion is in-
dicated by "ones" in the appropriate fields. Blanks in the appropriate fields 
indicate that no search is to be made. If a search is to be made for mineral 
names, the number of ones in field (3) indicate the number of different min-
erals in the search. 

Names appearing on the criteria search cards are abbreviated so as 
to be consistent with the way they appear on the primary data cards; that is, 
according to the method of Kottlowski (1968) and no longer than the corres-
ponding fields on the primary data cards. 
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CORRCT ( cont. ) 
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UPDATE 
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UPDATE (cont. ) 
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MNRL 
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TOWN 
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STLOC 
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MULSER 
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MULSER (cont. ) 
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MULSER (cont.) 
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Example of MULSER Output 
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Example of EXTRA DATA Output 
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