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ADDING DIMENSIONS TO THE LUNAR GEOLOGIC MAP USING GIs; T. A. Giguere*, D. T 
Blewett, P. G. Lucey, G. Jeffrey Taylor, B. Ray Hawke. Hawai'i Inst. of Geophys. and Planetology, 
University of Hawai'i, 2525 Correa Rd., Honolulu, HI 96822. *Also Intergraph Corporation, 2828 Pa'a 
St. Ste. 2150, Honolulu, HI 96819. 

We are applying Geographic Information Systems (GIs) technology to assemble a variety of lunar 
data types into one integrated database. The resulting combination of data will allow us to examine lunar 
geologic issues fiom a completely new perspective. To show the utility of GIs, we investigated the light 
plains deposits found on 4-7% of the nearside. The nature and origin of light plains have been a long- 
standing problem in lunar geology [e.g., 11. Ideas for their origin include: true volcanic light plains, plains 
containing much impact melt, and emplacement of ejecta from basin-forming impacts. We made a spatial 
comparison between FeO [2] and Ti02 [3] derived fiom multispectral data acquired during the Galileo 
lunar flyby and digitized areas of light plains in their currently accepted locations. The chemical database 
provides an additional criteria for classifjmg the light plains regions. We have found that there are large 
variations in the FeO and Ti02 contents of the light plains. These units vary fiom relatively low FeO (6-8 
wt.%) and low Ti02 (0.1 wt.%) to relatively high FeO (1 1-14 wt.%) and Ti02 (0.7-1.5 wt.%). 

GIs fundamentals. GIs has been in use for terrestrial applications for over 20 years. A GIs is an 
information system that is designed to work with data referenced to spatial or geographic coordinates [4] 
and allows the user to selectively retrieve data. Information is considered geographic if it has both size and 
spatial location. Geographic Information is stored in a dual database system as maps (graphic information) 
and tables (nongraphic information) [5]. There are many sources of geographic information, for example: 

Paper maps and drawings (e.g. the lunar geologic map). 
Records, lists, charts, tables, survey information (e.g., landing site locations and regolith analyses). 
Images and measurements from space-based remote sensors (e.g. Apollo gamma-ray data). 
Digital data such as multispectral data, topography, gravity measurements (e.g., data returned by the 
Clementine and Galileo missions). 

Each of the data items are integrated into the GIs such that they all reference a common map projection 
and coordinate system. Thus, the GIs may be seen as an organizational tool, which acts as a repository for 
many differing types of data. There are several benefits that arise when the data is organized in this 
manner: queries may be made against any combination of data themes; enables the retrieval of a large 
number of map elements and provides the ability to determine in a quantitative fashion their complex 
relationships; spatial comparisons may be made between map elements; facilitates the assessment of source 
data integrity; permits rapid and accurate updates and corrections [6]. 

GIs Workflow. The steps we took in our initial efforts to construct a GIs database for the Moon are 
outlined here: 

Data Source Near side map of the Moon called "Geologic Map of the Near Side of the Moon". Ths  is an 
orthographic projection at a scale of 1:5,000,000 [7]. 

Scanning The geologic map was scanned on an Anatech 4050 scanner at a resolution of 300 dpi. The overall 
image has 9858 rows and 9367 columns, and includes some border information. 

Projection The GIs requires that the data themes reference a common projection. An Orthographic 
projection centered on longitude 0" and latitude 0" was used based on an equatorial radius of 1738 
km and a polar radius of 1735 km. 

Grid A vector grid was generated based on the projection parameters. Lines of longitude and latitude 
are placed every 10 degrees. 

Warp Raster The geologic map (raster image) was warped to the orthographic grid. A total of 90 control points 
were used with a spacing of 20" latitude, and 20" longitude. Additional control points were placed 
at f 10" longitude. 
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A projective model was used to perform the warp, which resulted in 172 degrees of freedom and a 
standard error of .0549. 

GIs Setup Two map features were created in preparation for the digitizing phase. The first serves as the 
light plains outline, and the second is a point within the outline and serves as a link to an attribute 
table. 

Digitizing The light plains (labeled Ip in ref. [I]) deposits were digitized by tracing the outlines of the 
scanned raster image. This process is known as "heads-up" digitizing. A label was placed at the 
approximate center of each light plains area and is used to link the graphic label (Ip) to a database 
attribute record. 

Data Transfer The digitized information is stored in a vector format. The data must be converted to a raster 
format so that it is compatible with the Galileo data. The resolution of the data has been reduced 
to 800 x 800 (roughly 4-krn spatial resolution). The Galileo data consisted of FeO and Ti02 
concentrations derived from reflectance data [2,3]. 

Data Analysis Extracted Galileo data based on light plains geologic unit boundaries and plotted the FeO vs. Ti02 
concentrations. 

Composition of the light plains. Our results were obtained by working with two themes G I s  of data: 
digitized light plains units and Galileo FeO and T i02  concentrations. The digitized outlines of the light 
plains areas were used to select data from the Galileo data set. A plot was then generated of the FeO vs. 
T i02  concentrations of these areas. The light plains fell into three relatively distinct groups (Fig. 1). The 
first group of light plains are near and north of Tycho. The group contains FeO 6-8 wt.%, T i02  0.0-0.1 
wt.%. The second group is centered on the Ptolemaeus area and contains FeO 8.5-1 1 wt.%, Ti02 0.3-0.5 
wt.%. The third group is not as localized as the other areas and consists of light plains surrounding Mare 
Imbriurn, near the Apollo 14 site, near Sinus Medii, and in the SchillerISchickard region. There is a vague 
cluster a t  FeO 1 1-12.5 wt.%, T i02  0.6-0.9 wt.%, but many pixels have higher TiOz and FeO (Fig. 1). The 
boundaries of the three groupings are not distinct, partly because the resolution of the current data sets is 
around 4 krn per pixel and partly because because of mixing between adjacent units. 

Future project plans. Future investigations will include all units on the lunar geologic map and be refined 
to a working resolution of approximately 1 km. We feel confident that by combining currently available 
data we will have a useful tool for more accurately classifjmg geologic units on forthcoming revisions of 
the geologic map. 
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Fig. 1. Composition of light plains units 


