1U.S. DEPARTMENT OF THE INTERIORU.S. GEOLOGICAL SURVEYGEOLOGIC MAP OF THE MONTEREY AND SEASIDE 7.5-MINUTE QUADRANGLES, MONTEREY COUNTY,CALIFORNIA: A DIGITAL DATABASEByJoseph C. Clark1, William R. Dupr�2, and Lewis I. Rosenberg3Open-File Report 97—30This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey editorial standards or with theNorth American Stratigraphic Code. Any use of trade, product, or firm names is for descriptive purposes only and does notimply endorsement by the U.S. Government.This database, identified as �Geologic map of the Monterey and Seaside 7.5-minute quadrangles, Monterey County, California:a digital database,� has been approved for release and publication by the Director of the USGS. Although this database hasbeen subjected to rigorous review and is substantially complete, the USGS reserves the right to revise the data pursuant tofurther analysis and review. Furthermore, it is released on the condition that neither the USGS nor the United StatesGovernment may be held liable for any damages resulting from its authorized or unauthorized use.19971Geoscience Department, IUP, Indiana, Pennsylvania 157052Department of Geosciences, University of Houston, Houston, Texas 772043Consulting Geologist, Post Office Box 1755, King City, California 93930

2DIGITAL DATABASEIntroductionThis Open-File report is a digital geologic map database stored in a computer in theU. S. Geological Survey offices in Menlo Park, California. This pamphlet describes what isin this database and gives instructions for obtaining the data. Unlike a traditional Open FileReport, no paper map is available for distribution. The database does include, however,PostScript plot files containing images of two quadrangles on one geologic map sheet and anexplanation sheet that can be plotted on paper. Users without a compatible computer systeminterested in obtaining these paper plots or in obtaining the PostScript plot files, please seethe section below entitled "For Those Who Don’t Use Digital Geologic Map Databases".This digital map database updates a previously published map (Clark and others, 1974)and other published and unpublished data (see Sources of Data in mo-se.ps2) with substantialnew mapping by the authors. Together with the accompanying text file (mo-se_geo.txt ormo-se_geo.ps), it provides current information on the stratigraphy and structural geology ofthe area. The database delineates map units that are identified by general age and lithologyfollowing the stratigraphic nomenclature of the U.S. Geological Survey. More specificinformation about the units may be available in previous publications. The scale of thesource maps limits the spatial resolution (scale) of the database to 1:24,000 or smaller. Thecontent and character of the database, as well as three methods of obtaining the database,are described below.For Those Who Don’t Use Digital Geologic Map DatabasesFor those interested in the geology of the Monterey and Seaside quadrangles who do notuse an ARC/INFO-compatible Geographic Information System (GIS), two PostScript plotfiles containing images of much of the data in the digital database have been included in thedatabase (please see the section "PostScript Plot Files" below). Those interested who havecomputer capability can access the PostScript plot files in any of the three ways describedbelow to access the digital data (please see the section "Obtaining the Digital Data"),including the Western Region Web Page (please see the section "Web Pages"). For thosewithout computer capability, we have made the plot files available to outside vendors, or wecan provide users with the PostScript plot files on digital tape that can be used by othervendors (please see the section "Obtaining Plots from an Outside Vendor").Database ContentsThe digital database consists of the geologic map database itself and the supportingdata, including base maps, geologic description, and references. The digital maps, orcoverages, along with their associated INFO directory have been converted to ARC/INFOexport files. ARC export files promote ease of data handling, and are usable by someGeographic Information Systems in addition to ARC/INFO (see below for a discussion ofworking with export files). The ARC export files and the associated ARC/INFO coveragesand directories, as well as the additional digital material included in the database, aredescribed below:

3The geologic map database consists of the following ARC coverages, which have beenconverted to uncompressed ARC/INFO export files: Monterey 7.5-minute quadrangle:ARC/INFOResultant CoverageDescription of coverageexport fileAfter Import--------------------------------------------------mobase_utm.e00mobase_utm/Vectorized topographic base map forthe Monterey quadrangle.mo_geol.e00mo_geol/Geologic map.mo_strc.e00mo_strc/Strike and dip symbolsand fold arrow markers.mo_anno.e00mo_anno/Fault names, U/D, localitynumbers, and dip numbers.mo_fold.e00mo_fold/Fold axes.mo_arws.e00mo_arws/Landslide arrows. Seaside 7.5-minute quadrangle:ARC/INFOResultant CoverageDescription of coverageExport fileAfter Import--------------------------------------------------sebase_utm.e00sebase__utm/Vectorized topographic base map forthe Seaside quadrangle.se_geol.e00se_geol/Geologic map.se_strc.e00se_strc/Strike and dip symbolsand fold arrow markers.se_anno.e00se_anno/Fault names, U/D, localitynumbers, and dip numbers.se_fold.e00se_fold/Fold axes.se_arws.e00se_arws/Landslide arrows.

4The database directory also includes the following supporting directory and files:Directory:Resultant CoverageAfter Import---------------------------info/INFO directory containing filessupporting the databases.This directory is not included in thedatabase release, but is created in the process of converting the export filesinto ARC coverages. Files:mo-se_geo.txtA text only computer file containing detailed unit descriptions andgeological information, plus sources of data and references cited.mo-se_geo.psA postscript version of the mo-se_geo.txt file.mo-se_db.txtThis file.mo-se_db.psA postscript version of the mo-se_db.txt file. The postscipt plot file contains the following files:mo-se.psA postscript plottable file containing an image of the Monterey andSeaside geologic map (sheet 1) on a gray line base map.mo-se.ps2A postscript computer file containing detailed unit descriptions andgeological information, plus sources of data and references cited(sheet 2).mo-se_geo.psThe postscript version of the mo-se_geo.txt file.

5Database Release FormatThe database was compiled in ARC/INFO, a commercial Geographic Information System(Environmental Systems Research Institute, Redlands, California), and is stored inuncompressed ARC export format (ARC/INFO version 7) in a compressed UNIX tar (tapearchive) file. Tar and uncompress utilities are therefore required to extract the database from thetar file. These utilities are included in most UNIX systems, and can be obtained free of chargevia the Internet from Internet Literacy’s Common Internet File Formats Web page(http://www.matisse.net/files/formats.html). ARC/INFO export files (files with the .e00extension) can be converted into ARC/INFO coverages (see below) and can be read by someother Geographic Information Systems, such as MapInfo via ArcLink. The digital compilationwas done using version 7.0.3 of ARC/INFO with version 3.0 of the menu interface ALACARTE(Fitzgibbon and Wentworth, 1991; Fitzgibbon, 1991; and Wentworth and Fitzgibbon, 1991).Obtaining the Digital DataThe digital data can be obtained in any of three ways:a. Sending a tape with requestb. Anonymous ftp over the Internetc. From the Western Region Geologic Information Web PageA 68 MB compressed tar file of the database and related files can be obtained byanonymous ftp over Internet, or by sending a tape with request and return address to:Monterey-Seaside Geology PostScript Plotfilesc/o Database CoordinatorU.S. Geological Survey345 Middlefield Road, M/S 975Menlo Park, CA 94025Do not omit any part of this address!The compressed tar file will be returned on the tape. The acceptable tape types are:1/4 inch, 150 MB cartridge tape2.3 or 5.0 GB, 8 mm Exabyte tape.To obtain the tar file by ftp, log in to your UNIX system and do the following:cd local_directory¥go to a directory to receive the tar fileftp wrgis.wr.usgs.gov¥make ftp connection with the USGS computer WRGISName: anonymous¥use �anonymous� as your user namePassword: your name¥use your own user name as passwordcd pub/geologic¥go down to the pub/geologic directorycd ca/of97-30¥go down to the open file directorytype binary¥change transfer type to binaryget mo-se_g1.tar.Z¥copy the compressed tar file across Internet to your directoryquit¥close the ftp connection

6Web PagesThe U.S. Geological Survey now supports a set of graphical pages on the World WideWeb. Digital publications (including this one) can be accessed via these pages. Thelocation of the main web page for the entire U.S. Geological Survey is�http://www.usgs.gov�. The web page for digital publications from the Western Region(including this one) is �http://wrgis.wr.usgs.gov�. In addition to providing easy access to theentire digital database, the Western Region web page also provides simple access to thePostScript plot files of the map and explanation sheets containing much of the data in thedigital database. The Western Region web page also provides simple access to the digitaldatabase for those interested in the geology of Monterey-Seaside who do not use digitaldatabases (see below).Postscript Plot FilesThe database is in ARC export format, and therefore requires use of ARC/INFO oranother compatible GIS to access the information contained within it. For those interested inthe geology of the area, we have included two Postscript plot files. The first contains a plotof the Monterey and Seaside map database at 1:24,000 scale (sheet 1, mo-se.ps). Thesecond contains a plot of the explanation of units, along with a map of the subsurfacestructure in the Seaside area (sheet 2, mo-se.ps2). Because this map is primarily a digitaldatabase, the plot files (and plots derived therefrom) have not been edited to conform withU.S. Geological Survey standards. Small units have not been labeled with leaders and insome instances map features or annotation overlap. Sample plots by the authors have provento be quite legible and useful, however. These plot files are available, both within thepostscript plot file package (mo-seps.tar.Z) and as separate files, in any of the three waysdescribed above, including the world Wide Web pages. However, the plot files are stored incompressed UNIX tar files requiring uncompress and tar utilities to access the files. Theseutilities are included in most UNIX systems, or can be obtained free of charge via theInternet from Internet Literacy’s Common Internet File Formats Web page(http://www.matisse.net/files/formats/html). The PostScript images are 42 inches wide by 38inches high, so they require a large plotter to produce paper copies at the intended scale. Inaddition, some plotters, such as those with continual paper feed from a roll, are oriented withthe long axis in the vertical direction, so the PostScript image will have to be rotated 90degrees to fit entirely onto the page. Some plotters and plotter drivers, as well as manygraphics software packages, can perform this rotation.Creation of Sheet 2Sheet 2 was created by converting separate files created in Deneba Canvas into AdobeIllustrator format, and placing them into a 36" x 48" Adobe Illustrator document layout. Thecolors used for the Correlation of Map Units and Description of Map Units were matched tothe ARC/INFO map colors by converting the ARC/INFO map graphics file into an AdobeIllustrator file. Colors were determined in Adobe Illustrator and duplicated into theCorrelation of Map Units and Description of Map Units on Sheet 2.Obtaining Plots from an Outside VendorFor those interested in the geology of the Monterey and Seaside quadrangles who do notuse computers, we have made the PostScript plot files available to Capitol Color , 2250Walsh Ave., Santa Clara, phone: 1-800- 700-2656 or 408-727-7560, FAX: 408-727-0737, andto American Blueprint Service, 325 Prescot Lane, Pacific Grove, phone 408-373-5115. They

7will provide plots of the PostScript images of the geologic map sheet and explanation sheetfor a fee (around $25 per sheet, with discounts for orders of multiple copies). We will alsoprovide the PostScript plot files on digital tape for use by other vendors. A 24.5 MBcompressed tar file (mo-seps.tar.Z, 87.5 MB when uncompressed) of the PostScript plot filescan be obtained by sending a tape with request and return address to:Monterey-Seaside Geology PostScript Plotfilesc/o Database CoordinatorU.S. Geological Survey345 Middlefield Road, M/S 975Menlo Park, CA 94025Do not omit any part of this address!The compressed tar file will be returned on the tape. The acceptable tape types are:1/4 inch, 150 MB cartridge tape2.3 or 5.0 GB, 8 mm Exabyte tape.Make sure your vendor is capable of reading these tape types and PostScript plot files, and iscapable of preparing a color plot on 36 inch paper. Important information regarding tape fileformat is included in the section "PostScript Plot Files" above, so be certain to provide acopy of this document to your vendor.

8Extracting the Database from the Tar FileIf you obtained the database on tape, put the tape in your tape drive and do thefollowing:cd local_directory¥go to a directory to receive the tarfiletar xvfb/dev/rstn 20¥/dev/rstn is the tape device with nand integer, this puts the tar file inlocal_directoryuncompress mo-se_g1.tar.Z¥makes a 231 MB uncompressed tarfile mo-se_g1.tarcd local_directory2¥go to the directory that will hold theworkspace mo-se_geo (if different fromlocal_directory)tar xvfb {path to tar file}/ ¥extract the mo-se_geomo-se_g1.tar 20workspace from the tar fileIf you obtained the database by anonymous ftp:uncompress mo-se_g1.tar.Z¥makes a 231 MB uncompressed tarfile mo-se_g1.tarcd local_directory2¥go to the directory that will hold theworkspace mo-se_geo (if different fromlocal_directory)tar xvfb {path to tar file}/¥extract the mo-se_geomo-se_g1.tar 20workspace from the tar fileThis process will create a workspace �/mo-se_geo� ( a directory containing an INFOdirectory) that contains the databases and supporting files as described above.Converting ARC export filesARC export files are converted to ARC coverages using the ARC command IMPORTwith the option COVER for each of the export files (.e00 files). From the ARC commandline type:import cover <export file> <output coverage>¥creates a coverage from an exportfile. Use output coverage name from theResultant Coverage list as shown on page 3ARC export files can also be read by some other Geographic Information Systems. Pleaseconsult your GIS documentation to see if you can use ARC export files and the procedure toimport them.Digital CompilationThe geologic map information was digitized from stable originals of the geologic mapsat 1:24,000 scale. The author manuscripts (ink on mylar) were scanned using a Tektronix4991 monochrome scanner with a resolution of 304.8 dots per inch. The scanned imageswere vectorized and transformed from scanner coordinates to projection coordinates withdigital tics place by hand at quadrangle corners. The scanned lines were edited interactively

9by hand using ALACARTE, color boundaries were tagged as a contact or fault asappropriate, and scanning artifacts visible at 1:24,000 were removed.Base MapsBase map layers were prepared from scale-stable printing positives of the U.S.Geological Survey Monterey (1968 edition) and Seaside (1968 edition) 1:24,000 topographicmaps, which have a 20-foot contour interval. Scanned images were transformed fromscanner coordinates to projection coordinates with digital tics placed by hand at quadranglecorners. The images were trimmed interactively by hand using ALACARTE to conform tothe area of the geologic coverages. Small mismatches at the boundaries caused by slightdifferences in the original maps remain in the two base map coverages. These base maplayers are digital images but no information other than location is attached to the pixels.The base maps are provided for reference only.FaultsThis map is intended to be of general use to engineers and land-use planners; however,its small scale does not provide sufficient detail for site development purposes. In addition,this map does not take the place of fault-rupture hazard zones designated by the CaliforniaState Geologist (Hart, 1992).Spatial ResolutionUsers of this map should recognize the spatial resolution of the data. Although thedigital form of the data removes the constraint imposed by the scale of a paper map, thedetail and accuracy inherent in map scale are also present in the digital data. The fact thatthis database was edited at a scale of 1:24,000 means that higher resolution information isnot present in the dataset. Plotting at scales larger than 1:24,000 will not yield greaterdetail, although it may reveal fine-scale irregularities below the intended resolution of thedatabase. Similarly, where this database is used in combination with other data of higherresolution, the resolution of the combined output will be limited by the lower resolution ofthese data.

10Database SpecificsThe map databases consist of ARC coverages and supporting INFO files, which arestored in a Universal Transverse Mercator projection (table 1). Digital tics define a 2.5-minute grid of latitude and longitude in the geologic coverages corresponding withquadrangle corners. In the base map layers, the tics define a 2.5-minute grid, correspondingwith quadrangle corners.Table 1 - Map projection.ParameterDescription

ProjectionUTM

UnitsMeters on the groundZone10DatumNAD27

The content of the geologic database can be described in terms of the lines and the areasthat compose the map. Descriptions of the database fields use the terms explained in Table 2.Table 2 - Field definition terms.ParameterDescription

Item nameName of database field (item)

WidthMaximum number of digits or characters storedOutputOutput widthTypeB-binary integer, F-binary floating point number,I-ASCII integer, C-ASCII character stringN. dec.Number of decimal places maintained for floating point numbers

11LinesThe lines (arcs) are recorded as strings of vectors and are described in the arc attributetable (table 3). They define the boundaries of the map units, faults that do not bound units,the boundaries of open bodies of water, and the map boundaries. These distinctions,including the geologic identities of the unit boundaries, are recorded in the LTYPE fieldaccording to the line types listed in table 4.Table 3 - Content of the arc attribute tables.Item nameWidthOutputTypeN. dec.Description

FNODE#45B- -Starting node of arc (from node)

TNODE#45B- -Ending node of arc (to node)LPOLY#45B- -Polygon to the left of arcRPOLY#45B- -Polygon to the right of arcLENGTH412F3Length of arc in meters<coverage>#45B- -Unique internal control number<coverage>-ID45B- -Unique identification numberLTYPE3535C- -Line type (see table 4)

The geologic line types are ALACARTE line types that correlate with the geologic linesymbols in the ALACARTE line set GEOL61.LIN according to the ALACARTE lines lookuptable (GEOL61.LUT). Note that fault and strike-slip fault, right-lateral are assigned the samesymbol in the lookup table.

12Table 4 - Line types recorded in the LTYPE field.Name

Contact, certain

Contact, approximately locatedContact, concealedContact, inferredContact, inferred, queriedContact, inner edge of terrace deposit, certainFault, certainFault, concealedFault, concealed, queriedFault, inferredFault, inferred, queriedThrust fault, certainThrust fault, concealedThrust fault, inferredThrust fault, inferred, queriedScratch boundaryMap boundary

13AreasMap units (polygons) are described in the polygon attribute table (table 5). Theidentities of the map units are recorded in the PTYPE field by map label (table 6). Mapunits are described more fully in the accompanying postscript file mo-se.ps2Table 5 - Content of the polygon attribute tables.Item nameWidthOutputTypeN. dec.Description

AREA412F3Area of polygon in square meters

PERIMETER412F3Length of perimeter in meters<coverage>#45B- -Unique internal control number<coverage>-ID45B- -Unique identification number (see table 6)PTYPE3535C- -Unit label

Table 6 - Map units.Map units msQctl?Qod?Qtcs

KgdQctmQod1QyfKgdpQctm?Qod1?Qyf(a)KJf?QctoQod2TcQafQcto(e)Qod2?TcgQalQcto?QoeTmQal?QctpQoe?Tm?QbQctp(e)QofTmdQbsQctp?Qof?TmlQcQctsQsTrcQctQcts?QsdTsQct?QdQtTsmQct1QfdQt?Tsm?QcthQlsQTcTusQctlQls?Qtcm?Tus?Qctl(e)QodQtcpTv?Tvb

14PointsPoint information (strikes and dips) is recorded as coordinate and related information andare described in the Point Attribute Table (Table 7). Note the ARC/INFO coverages cannotcontain both point and polygon information, so only coverages with point information(mo_strc) will have a point attribute table, and these coverages will not have a polygonattribute table.Table 7 - Content of the Point Attribute Tables

ITEM NAMEWIDTHOUTPUTTYPEN.DECDESCRIPTION

AREA412F3this field is not usedPERIMETER412F3this field is not used<coverage>#45Bunique internalcontrol number<coverage>-ID45BUnique identificationPTTYPE3535Cpoint type (see Table 8)DIP33Idip angle in degreesSTRIKE33Istrike angle in degrees

Table 8 - Point types recorded in the PTTYPE fieldName

Anticline arrow

Approximate beddingBeddingCircleDip direction from distant viewFault, strike-slip, right lateralFlat beddingOverturned beddingSpringSyncline arrowTriangleVertical bedding

15AcknowledgmentsThe present study was initiated as part of a regional study of the earthquake hazards ofthe San Francisco Bay region and is part of the National Earthquake Hazards ReductionProgram (NEHRP) of the U.S. Geological Survey. Earl E. Brabb (USGS) established thisproject, provided base maps, aerial photographs, and other materials, and helped to obtainfunding for much of the field work. Partial funding was provided by USGS NEHRP awardnumber 1434-94-G-2443 to Rosenberg and Clark. Supplemental funding was provided by theMonterey County Planning Department under the supervision of Catherine S. West. We arealso grateful to the USGS Volunteer Scientist Program for sponsoring Clark and Rosenberg.Many people gave freely of their time and resources. John C. Tinsley (USGS) and EarlE. Brabb helped by visiting the study area and sharing their opinions. H. Gary Greene (MossLanding Marine Laboratories), Joseph W. Oliver (Monterey Peninsula Water ManagementDistrict), Oliver E. Bowen (consulting geologist), and John Logan (consulting geologist)provided unpublished data from their files. Kristin McDougall (USGS) identified andinterpreted Miocene foraminifers. Michael P. Bohan (IUP) digitized the geologic contacts,and Carl M. Wentworth (USGS) and Russell W. Graymer (USGS) assisted with developingthe digital map. The Explanation of Units sheet was created by Zenon C. Valin (USGS) withassistance from Karen Wheeler (USGS). Carolyn Randolph prepared this bookletannouncing the release of the database in Open Files. Special thanks go to Thomas W.Dibblee, Jr., who participated with Clark in the earlier field mapping and shared his uniqueperspective of the regional geology, and to Richard R. Thorup for sharing his extensiveknowledge of the local geology.References CitedClark, J.C., Dibblee, T.W., Jr., Greene, H.G., and Bowen O.E., Jr., 1974, Preliminary geologic map of the Monterey and Seaside 7.5-minute quadrangles, Monterey County, California, with emphasis on active faults: U.S. Geological SurveyMiscellaneous Field Studies Map MF-577, 2 plates, 1:24000 scale.Fitzgibbon, T.T., 1991, ALACARTE installation and system manual (version 1.0): U.S.Geological Survey Open-File Report 91-587B.Fitzgibbon, T.T., and Wentworth, C.M., 1991, ALACARTE user interface - AML code and demonstration maps (version 1.0): U.S. Geological Survey Open-File Report91-587A.Hart, E.W., 1988, Fault-rupture hazard zones in California; Alquist-Priolo Special StudiesZones Act of 1972 with index to special studies zones maps: California Division ofMines and Geology Special Publication 42.Wentworth, C.M., and Fitzgibbon, T.T., 1991 ALACARTE user manual (version 1.0): U.S. Geological Survey Open-File Report 91-587C.