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Abstract

In this thesis, an advanced GIS system is developed to manage, analyze and distribute 

Alaskan near-shore marine mineral deposition data. The developed GIS system is applied 

in a case study of the marine gold deposits in the offshore area of Nome, Alaska.

The data collected during the previous phases of the research project are compiled 

using several computer application softwares such as ArcGIS8.3, Microsoft Access 2000 

and others. Two improved relational geodatabases are created, in which various maps 

integrated with digital data sets are stored. The first database is known as the “Integrated 

Geodatabase”, which stores all the relative data collected in the Nome area, such as 

borehole data, bedrock geology, surficial geology, and geochemical data. The other 

database, a “Regularized 2.5D Geodatabase”, is generated based on the Integrated 

Geodatabase to store the layered orebody parameter for each regularized cell.

With these GIS geodatabases, many important applications of data management and 

analysis, such as information query, data visualization, geostatistical analysis, gold 

distribution analysis, sediment distribution analysis, and resources estimation, are carried 

out readily for better understanding of Nome offshore mineral resources.

Based on the enhanced GIS structure, a GIS-based website is developed using 

ArcIMS. Users can integrate local data sources with Internet data sources for display, 

query, and analysis in an easy-to-use web browser.



Table of Contents

Abstract ..................................................................................................................iii

Table of Contents...................................................................................................... iv

List of Figures..........................................................................................................vii

List of Tables............................................................................................................ iix

List of Appendices.................................................................................................... ..

Acknowledgments................................................................................................... xiii

Chapter 1 Introduction.............................................................................................. 1

1.1 Near-shore Marine Mineral Resources of Alaska..........................................................1

1.2 Objective of this Thesis................................................................................................... 2

Chapter 2 Design Considerations of GIS Structure.................................................. 5

2.1 Review of GIS Applications in the Mining Industry..................................................... 5

2.2 Existing Data for Nome Near-shore Gold Deposit........................................................ 7

2.3 GIS Application Requirements for the Nome Near-shore Gold Deposit.................... 8

2.4 Technical Approaches....................................................................................................10

2.4.1 ArcGIS System............................................................................................................ 10

2.4.1.1 ArcMap......................................................................................................................11

2.4.1.2 ArcCatalog................................................................................................................ 12

2.4.1.3 ArcToolbox............................................................................................................... 14

2.4.1.4 ArcGIS Spatial Analyst........................................................................................... 15

2.4.1.5 ArcGIS 3D Analyst..................................................................................................15

2.4.1.6 ArcGIS Geostatistics Analyst.................................................................................. 16

2.4.1.7 ArcIMS......................................................................................................................17

2.4.2 Geographic Data M odel........................................................................................... 18

2.4.2.1 File-based M odels....................................................................................................18

2.4.2.2 The Geodatabase Model.......................................................................................... 18

2.4.3 Metadata.....................................................................................................................19

Chapter 3 Geology and Offshore Gold Resources at Nome....................................21



V

3.1 Physical Environment.................................................................................................... 21

3.1.1 Climate.........................................................................................................................21

3.1.2 Sea Ic e ..........................................................................................................................22

3.2 History of Exploration and M ining.............................................................................. 22

3.2.1 Exploration.................................................................................................................. 22

3.2.2 Mining History............................................................................................................24

3.2.3 Drill Holes Data for this Study...................................................................................24

3.3 Geology...........................................................................................................................24

3.3.1 Bedrock Units..............................................................................................................25

3.3.2 Nome Offshore Lithology..........................................................................................26

3.3.3 Glaciation.................................................................................................................... 28

3.3.4 Sediment-controlled Structures..................................................................................29

3.3.5 Economic Geology......................................................................................................31

Chapter 4 Development of GIS Structure............................................................... 32

4.1 GIS Data Collection and Integration............................................................................ 32

4.2 GIS Directory Structure................................................................................................. 33

4.3 Building the Integrated Geodatabase............................................................................ 36

4.4 Building the Regularized 2.5D Geodatabase................................................................42

Chapter 5 GIS Application for Nome Offshore Gold Resource Estimation and

Management............................................................................................ 46

5.1 Spatial Relational Database Query............................................................................... 46

5.2 Data Visualization..........................................................................................................47

5.3 Sediment Data Analysis................................................................................................ 48

5.3.1 Sediment Classification.............................................................................................. 48

5.3.2 Facies Definition.........................................................................................................49

5.3.3 Distribution of Sediments........................................................................................... 50

5.4 Spatial Gold Distribution Analysis............................................................................. 55

5.4.1 Gold Distribution with Sediment Type..................................................................... 55

5.4.2 Areal Gold Distribution.............................................................................................. 58



5.4.3 Vertical Distribution of the Gold Mineralization................................................... 58

5.5 Model Analysis of Formation of Marine Gold Placers...............................................67

5.6 Resource Estimation.......................................................................................................69

5.6.1 Reserve Calculation.................................................................................................... 69

5.6.2 User-Oriented Reserve Query....................................................................................73

5.7 GIS-based Website for Data Management and Delivery............................................74

5.7.1 Layout of the W ebsite................................................................................................ 74

5.7.2 Web Site Information on Nome Offshore Gold Resources..................................... 75

5.7.3 Related Linkage from the Website............................................................................ 76

Chapter 6 Comparative Analysis of Interpolation Methods of Gold G ra d e  78

6.1 Initial Data Exploration................................................................................................. 78

6.2 Interpolation Approaches.............................................................................................. 82

6.2.1 Inverse Distance Weighted.........................................................................................82

6.2.2 Kriging Methods..........................................................................................................84

6.2.2.1 Ordinary Kriging......................................................................................................85

6.2.2.2 Simple Kriging.........................................................................................................87

6.2.2.3 Indicator Kriging......................................................................................................87

6.3 Evaluation of Interpolations..........................................................................................90

6.3.1 Cross Validation..........................................................................................................90

6.3.2 Comparison of Ore Tonnage......................................................................................91

6.4 Discussion........................................................................................................................95

Chapter 7 Concluding Sum m ary.....................................................................................98

References..........................................................................................................................101

Appendix A Layered Contour Maps of Gold Distribution......................................109

Appendix B Layered Sediment Distribution M aps.................................................. 128

Appendix C Comparative Analysis of Interpolation Methods (H erring Block).. 138 

Appendix D Profiles of Orebody Boundary................................................................. 150



List of Figures

Figure 3-1 Location Map of Nome, Alaska.................................................................. 21

Figure 3-2 Bedrock Contour Maps with Fault Interpretation Offshore Nome

(Bronston, 1 9 9 0 )............................................................................................. 25

Figure 3-3 Lithologic Map of the Ocean Floor Offshore of Nome (Surficial geology

summary modified from Howkins, 1992)..................................................... 26

Figure 3-4 Geologic Section Across the Coastal Plain Area at Nome (Nelson and

Hopkins, 1972)................................................................................................ 27

Figure 3-5 Distribution of Glacial Deposit in Nome (Bundtzen et ah, 1994)............28

Figure 3-6 Outline of the Sediment-controlled Structure Within the Study Area

(Modified from Howkins, 1992)....................................................................30

Figure 4-1 The Flowchart of the Conceptual GIS Structure....................................... 32

Figure 4-2 Directory Tree of Nome GIS Workspace...................................................34

Figure 4-3 Example of Borehole Location Data.......................................................... 38

Figure 4-4 Example of Borehole Segment Info Table.................................................39

Figure 4-5 Example of Layered Orebody Info Table...................................................40

Figure 4-6 The Three Tables Linked by Common Keys of Borehole ID ..................40

Figure 4-7 Interpolation of Gold Concentration in Geostatistics Analyst.................44

Figure 4-8 Typical Entries/Attributes of the Regularized 2.5D Geodatabase...........44

Figure 5-1 Procedure of Information Query on Gold Reserve within a Selected

Polygon Area................................................................................................... 47

Figure 5-2 3D Drill Holes and Orebody Boundaries...................................................48

Figure 5-3 Vertical Cross-sectional Profiles of Orebody Boundaries....................... 48

Figure 5-4 Sediment Distribution Map (1 meter below sea floor)..............................52

Figure 5-5 Percentage of Mineralization at Various Sediment Types....................... 57

Figure 5-6 Gold Average Contents at Various Sediment Types.................................57

Figure 5-7 Gold Distribution at 200mg/m3 Cutoff Grade........................................... 60

Figure 5-8 Gold Orebodies Distribution Map (Cutoff grade: 200mg/m3) .................61



Figure 5-9 The Vertical Distribution of Gold below the Sea Floor........................... 62

Figure 5-10 The Vertical Distribution of Gold below Sea Level................................63

Figure 5-11 Gold Distribution Contour Map at the Level 2m below Sea Floor 65

Figure 5-12 Profile of Orebody Boundaries Parallel to the Shoreline....................... 66

Figure 5-13 Profile of Orebody Boundaries Perpendicular to the Shoreline.............66

Figure 5-14 Glacial Deposit Distribution M ap.............................................................67

Figure 5-15 Schematic Diagram of the Glacial Movement of Nome, Alaska 68

Figure 5-16 The Procedure of Building a Customized Reserve Estimation T ool 73

Figure 5-17 Reserve Estimation Interface in ArcGIS..................................................74

Figure 5-18 The Homepage ofNome Mineral Resource Website..............................75

Figure 5-19 Arc IMS HTML Viewer ofNome Mineral Resource Website...............76

Figure 6-1 Histogram Chart of Dataset of Herring Block........................................... 79

Figure 6-2 Anisotropy of the Population, Herring Block........................................... 80

Figure 6-3 Thiessen Polygon of Drill Hole Grade Distribution..................................81

Figure 6-4 Herring Block Grade Prediction Map (by EDW)....................................... 84

Figure 6-5 Herring Block Grade Prediction Map (by O K )......................................... 85

Figure 6-6 Herring Block Grade Prediction Map (by OK with log transformation).. 86

Figure 6-7 Herring Block Grade Prediction Map (by SK).......................................... 87

Figure 6-8 Gold Concentration -  Frequency and Cumulative P lo t............................88

Figure 6-9 Probability Map of Indicator Kriging (threshold = 410 .82 )..................... 89

Figure 6-10 Herring Block Grade Prediction Map (by IK)......................................... 90

Figure 6-11 Tonnages of Gold with Various Cut-off Grades (Herring Block) 92

Figure 6-12 Tonnages of Gold of Blocks for Various Interpolation Methods 94

Figure 6-13 Total Tonnages of Gold by Various Interpolation Methods.................. 95



List of Tables

Table 4-1 Listing of Feature Classes in Integrated Geodatabase................................ 37

Table 4-2 Field Attributes of DH location................................................................... 38

Table 4-3 Field Attributes of DH Segment Info........................................................... 39

Table 4-4 Partial Listing of Field Attributes of DH sliceinfo.....................................41

Table 4-5 Partial Listing of Attributes for the Regularized 2.5D Geodatabase.........45

Table 5-1 Primary Sediment Type Classification (Howkins, 1 9 9 2 )...........................49

Table 5-2 Gold Average Contents vs. Sediment Type................................................. 56

Table 5-3 Orebodies Statistics at 200 mg/m3 Cutoff Grade, Nome Offshore............ 59

Table 5-4 Gold Reserve vs. Depth below Sea Floor.....................................................62

Table 5-5 Total Gold Tonnages vs. Depth below Sea Level.......................................63

Table 5-6 Reserve Estimations at Different Cutoff Grades.........................................72

Table 6-1 Comparison of Prediction Errors (Herring B lock).......................................91

Table 6-2 Tonnages of Gold of Herring Block with Various Cut-off Grades........... 92

Table 6-3 Areas of Gold Distribution above Various Cut-off Grades (Herring Block)

..............................................................................................................................................93

Table 6-4 Tonnages of Gold of Blocks for Various Interpolation Methods.............. 93



X

Appendix A Layered Contour Maps of Gold D istribution..................................... 109

A-l Gold Distribution of Nome Offshore, 2 m below Sea Floor...............................109

A-2 Gold Distribution of Nome Offshore, 4 m below Sea Floor...............................110

A-3 Gold Distribution of Nome Offshore, 6 m below Sea Floor............................... I l l

A-4 Gold Distribution of Nome Offshore, 8 m below Sea Floor............................... 112

A-5 Gold Distribution of Nome Offshore, 10 m below Sea Floor............................. 113

A-6 Gold Distribution of Nome Offshore, 12 m below Sea Floor............................. 114

A-7 Gold Distribution of Nome Offshore, 14 m below Sea Floor............................. 115

A-8 Gold Distribution of Nome Offshore, 8 m below Sea level................................ 116

A-9 Gold Distribution of Nome Offshore, 12 m below Sea Level............................ 117

A-10 Gold Distribution of Nome Offshore, 16 m below Sea level............................ 118

A-l 1 Gold Distribution of Nome Offshore, 20 m below Sea Level..........................119

A-12 Gold Distribution of Nome Offshore, 24 m below Sea Level..........................120

A-13 Gold Distribution of Nome Offshore, 28 m below Sea Level..........................121

A-14 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 200mg/m3)

 122

A-15 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 400mg/m3)

........................................................................................................................... 123

A-16 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 600mg/m3)

........................................................................................................................... 124

A-17 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 800mg/m3)

........................................................................................................................... 125

A-18 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 1000mg/m3)

 126

A-19 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 1200mg/m3) 

........................................................................................................................... 127

List of Appendices

Appendix B Layered Sediment Distribution Maps, 128



B-l Sediment Distribution ofNome Offshore, 8 m below Sea level..........................128

B-2 Sediment Distribution ofNome Offshore, 12 m below Sea level....................... 129

B-3 Sediment Distribution ofNome Offshore, 16 m below Sea level....................... 130

B-4 Sediment Distribution ofNome Offshore, 20 m below Sea level....................... 131

B-5 Sediment Distribution ofNome Offshore, 24..m below Sea level....................... 132

B-6 Sediment Distribution ofNome Offshore, 28..m below Sea level....................... 133

B-7 Sediment Distribution ofNome Offshore, 1 m below Sea Floor..........................134

B-8 Sediment Distribution ofNome Offshore, 4 m below Sea Floor..........................135

B-9 Sediment Distribution ofNome Offshore, 8 m below Sea Floor..........................136

B-10 Sediment Distribution ofNome Offshore, 12 m below Sea Floor.....................137

Appendix C Comparative Analysis of Interpolation Methods (H erring Block).. 138

C-1 Grad Prediction Map (by IDW, >200mg/m3) ......................................................... 138

C-2 Grad Prediction Map (by IDW, >400mg/m3) ......................................................... 138

C-3 Grad Prediction Map (by IDW, >600mg/m3) ......................................................... 139

C-4 Grad Prediction Map (by IDW, >800mg/m3) ......................................................... 139

C-5 Grad Prediction Map (by IDW, >1000mg/m3) ....................................................... 140

C-6 Grad Prediction Map (by IDW, >1200mg/m3) ....................................................... 140

C-7 Grad Prediction Map (by IDW, > 1600mg/m3) ....................................................... 141

C-8 Grad Prediction Map (by SK, >200mg/m3) .............................................................141

C-9 Grad Prediction Map (by SK, >400mg/m3) .............................................................142

C-10 Grad Prediction Map (by SK, >600mg/m3) .........................................................142

C-l 1 Grad Prediction Map (by OK, >200mg/m3) ....................................................... 143

C-12 Grad Prediction Map (by OK, >400mg/m3) ....................................................... 143

C -l3 Grad Prediction Map (by OK, >600mg/m3) ........................................................144

C -l4 Grad Prediction Map (by OK, >800mg/m3) ........................................................144

C-15 Grad Prediction Map (by IK, >200mg/m3) ..........................................................145

C-16 Grad Prediction Map (by IK, >400mg/m3) ........................................................ 145

C-17 Grad Prediction Map (by IK, >600mg/m3) ........................................................ 146

C -l8 Grad Prediction Map (by Polygon, >200mg/m3) ................................................ 146



C-19 Grad Prediction Map (by Polygon, >400mg/m3) ..................................................147

C-20 Grad Prediction Map (by Polygon, >600mg/m3) .................................................. 147

C-21 Grad Prediction Map (by Polygon, >800mg/m3) ..................................................148

C-22 Grad Prediction Map (by Polygon, >1000mg/m3) ................................................148

C-23 Grad Prediction Map (by Polygon, >1200mg/m3) ................................................149

Appendix D Profiles of Orebody Boundary...........................................................150

D-1 Profiles Location Map of Orebody Boundary....................................................... 150

D-2 W1 -E1 Orebody Boundary Profile......................................................................... 151

D-3 W2-E2 Orebody Boundary Profile......................................................................... 152

D-4 N l-S l Orebody Boundary Profile.......................................................................... 153

D-5 N2-S2 Orebody Boundary Profile.......................................................................... 154

Xll



Acknowledgments

This study would not have been possible without the previous work of the research 

project “GIS Applications to Alaskan Near-shore Marine Mineral Resources”, which 

started six years ago at the Department of Mining and Geological Engineering, 

University of Alaska Fairbanks.

Greatly appreciated was the financial support granted by Minerals Management 

Service, U.S. Department of the Interior.

I would like to express my appreciation to my advisor Dr. Gang Chen, co-advisor Dr. 

Wendy Zhou, and graduate committee member Dr. Scott Huang, for their endless 

support, advice, insight and encouragement throughout the last two years.

I would like extend my grateful appreciation to my fellow graduate student Mr. 

Huayang Luo for his generous help. Thanks are also due to Professors Paul Metz, Ted 

Wilson, and Debasmita Misra, who gave me their valuable advice and assistance during 

my study.

Many thanks are given to my dear wife, Liping Jing and my favorite son, Kunyi Li, for 

their everlasting love, understanding, encouragements and support, as well as thesis 

grammar checking.

This thesis is dedicated to my parents, sisters, and brothers.



1

Chapter 1 Introduction

1.1 Near-shore Marine Mineral Resources o f Alaska

Beach and offshore resources of heavy refractory minerals are widely identified along 

the coast of Alaska. Known localities include the Gulf of Alaska, or North Pacific, placer 

deposits that extend along the flank of the Fairweather Range, from south of Lituya Bay 

to Yakataga. Resources are also known to exist in the Bristol Bay and Goodnews Bay 

areas. Nome was one of the most active areas of placer gold mining in the State of 

Alaska. The gold was first mined in 1897 on the present-day beach of Nome, Alaska. 

From 1897 to 1962, the Nome area (onshore) produced about 5 million ounces of gold 

(Koschmann and Bergendahl, 1968).

The gold deposit of Nome offshore, which is the extension of onshore glacial placer, 

has been identified on the seabed for nearly 5km offshore in water depths of 20m and 

less. Some short-lived attempts had recovered a little gold from the seabed deposit. In 

1986, Western Gold Exploration and Mining Company, Limited Partnership (WestGold) 

imported a 33-ft bucket-ladder dredge, Bima, the world’s largest, to mine the offshore 

gold deposit. From 1987 to 1990 inclusive, the Bima’s production was estimated at 

118,078 fine oz., with an average recovered grade of 824 mg/m3 (Garnett, 2000).

Because of the extent and richness, Nome offshore resources have been studied and 

documented extensively. Offshore gold exploration and exploitation activities in the 

Nome area have accumulated a huge amount of data in a variety of forms over the past 

century. The analysis and management of these data for the future development of the 

Nome offshore gold resource are enormous tasks. These intensive data processing tasks 

call for the application of the Geographic Information System (GIS). The GIS technology 

is most capable of integrating field exploration data, maps and other pertinent 

information in a layered structure to facilitate data updating, duplicating, retrieving, 

analyzing, and visualizing. It is a well-suited tool to meet the demands of intensive data 

processing and visualization for mineral resource exploration, estimation, and
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management. With the help of GIS technology, comprehensive geodatabases can be 

efficiently developed and maintained. These geodatabases will provide an in-depth 

understanding of the Nome offshore gold deposit, which, in turn, will greatly assist the 

development of the offshore gold resource in Alaska.

1.2 Objective o f  this Thesis

The study presented in this thesis is a part of the research project, entitled “GIS 

Applications to Alaskan Near-shore Marine Mineral Resources -  Stage II and III”, which 

started six years ago at the Department of Mining and Geological Engineering, 

University of Alaska Fairbanks. The objective of the study is to develop an advanced 

GIS system to manage, analyze and distribute Alaskan near-shore marine mineral 

deposition data based on a case study of the marine gold deposits in the offshore area of 

Nome, Alaska. The main tasks of the study are to: 1) develop a GIS geodatabase to store 

and integrate various data; 2) perform data analysis in GIS to investigate a suitable gold 

interpolating method, estimate the reserve and interpret the formation of the offshore gold 

deposit; and 3) develop the GIS-based website to distribute the information on mineral 

resources in offshore ofNome, Alaska via the Internet.

The application of GIS in the natural resource industries, such as agriculture and 

forest, is widely recognized. Its application, however, in the mining industry lags behind 

others. Limited literature can be found on GIS applications in mining. However, along 

with the increasing popularity and functional development of GIS in recent years, many 

mining companies started to use GIS as a preferable tool for mine planning, management 

and technical analysis. A literature review on the current development of GIS technology 

and its applications in mining industry is included in Chapter 2 and discussions on the 

needs and requirements of GIS tools for Alaskan near-shore marine resource data 

analysis and management are also presented.

During the Stage I study of the research project, large amount of information and data 

were collected from various sources, such as the former USBM (Unites States Bureau of
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Mines), ADNR (Alaska Department of Natural Resources), USGS (United States 

Geological Survey), NOAA (National Oceanic and Atmosphere Administration) and 

others. The most important information for this study came from a huge amount of data 

that was collected by Western Gold Exploration and Mining Company, Limited 

Partnership. The data collected included geologic characteristics, geochemical and 

geophysical signatures, borehole data, economic considerations, oceanographic factors, 

submarine topography, and potential environmental impacts. A literature search via the 

Internet was carried out, with an emphasis on the GIS applications. A summary of the 

literature discussing the physical environment, geology, history of exploration and 

mining activity in the Nome area is included in Chapter 3.

The details of the GIS structure development are described in Chapter 4. The data 

collected are compiled using several computer application softwares such as ArcGIS8.2, 

ArcGIS8.3, and Microsoft Access 2000. During Stage II study, two improved relational 

geodatabases are created, in which various maps integrated with digital data sets are 

stored. One database is known as the “Integrated Geodatabase”, which stores all the 

relative data that could possibly be collected in the Nome area, such as borehole data, 

bedrock geology, surficial geology, and geochemical data. The Integrated Geodatabase is 

largely based on the data collected and complied in Stage I of the project. The other 

database, a “Regularized 2.5 Dimensional Geodatabase”, is generated based on the 

Integrated Database.

With these GIS geodatabases, a better understanding is expected of mineral resource 

exploration and reserve estimation of the Nome area. Chapter 5 demonstrates that several 

important functions of data management and analysis, such as information query, data 

visualization, geostatistical analysis, gold distribution analysis, sediment distribution 

analysis, and resources estimation, can be carried out readily with the developed GIS 

structure. Furthermore, more sophisticated GIS models can be developed based on these 

databases to meet the specific needs of a project.
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Based on the enhanced GIS structure, an improved interactive website was also 

developed, which is introduced in Chapter 5. The website was developed by using 

ArcIMS -  a GIS based website development tool. This tool provides the foundation for 

distributing high-end GIS and mapping services via the Internet and enables users to 

integrate local data sources with Internet data sources for display, query, and analysis in 

an easy-to-use web browser. This new tool revolutionizes the way users can access and 

interact with Internet mapping and GIS data.

In addition, predictive models are made for the Nome offshore gold deposit so that 

better understanding of the gold distribution and better management of the gold resources 

are gained (Chapter 6). Several spatial interpolation algorithms are utilized using ArcGIS 

built -in  Geostatistical Analyst tool. These algorithms include Inverse Distance Weighted 

(IDW), Ordinary Kriging (OK), Simple Kriging (SK) and Indicate Kriging methods. In 

order to cope with the spatial variability and noisy drill hole sample data from the study 

area, various parameters of each method, such as different search radius and power index 

for IDW, and different search direction and lag size for Kriging, are investigated. 

Prediction maps of each interpolation method were produced. The probability map and 

prediction standard error map were produced on a normalized data set by the Kriging 

method.
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Chapter 2 Design Considerations of GIS Structure

2.1 Review o f GIS Applications in the Mining Industry

r̂ ir ' n na ûraj resource industries, such as agriculture and 

. By contrast, its application in the mining industry lags 

iustry, the application of GIS in environmental, mine 

i have been extensively tested and documented. However, 

on applications in mine design and mining operations. The 

the mining industry demanding more complex 3D solutions 

) analysis and visualization is not available in most GIS

I  popularity and functional development of GIS in recent 

es started using GIS as the preferred tool for mine planning, 

This happened also because the commodities market, 

environmental regulations and government policies force mining companies become 

more competitive and cost effective. Moreover, the state and federal agencies involved in 

the mine permitting process are adopting the GIS format as the standard for 

communicating spatial data.

In this Chapter, a review of the literature on the applications of GIS in mining industry 

is conducted. In particular, literature on new developments and applications of GIS 

collected in GEOBASE, GeoRef geosciences database, and on websites, are reviewed. 

The literature review indicates that GIS technology is becoming a powerful and 

indispensable tool in the mining industry for mine planning, analysis, and management. 

The applications in the mining industry include:

1) Applications at the pre-production phase such as site selection, land 

ownership, mineral claims, and exploration management;

\A  CONSORTIUM LIBRARY 
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2) Applications at the production phase such as environmental quality 

monitoring, facilities management, volume computations, emergency 

management and industrial security, and transport routes;

3) Applications at the post-production phase such as reclamation, vegetation 

characterization, slope-aspect characterization, volume computations, and 

visualization; and,

4) Applications of GIS tools for research and development in mining and mineral 

engineering, such as resources estimation and environmental impact 

assessment.

A successful example of GIS application is a virtual 3D GIS model for Mayflower 

Gold Mine in southwest Montana, which is run by Brimstone Mining, Inc (Website 3, 

ESRI, 2003). A 3D GIS database was created based on digitizing all of the historic 

mining and geological exploration data using ArcGIS with 3D Analyst extension. Based 

on this 3D GIS database, Brimstone identified potential new ore reserves, placed 

exploratory drills holes, targeted the new reserves, and managed the mining activity.

Anthony D. Hammond (website 4, 2003) demonstrated an example of technical 

applications of GIS in underground mining located in Ouray County, Colorado. This 

application of GIS concentrates in four technical areas: land ownership and mineral 

claims, exploration management, production, and mine safety. The benefits of 

consolidating and archiving claim data and the ability to georeference property maps 

defined in local coordinates into state coordinate system is of very great importance to a 

land and exploration manager. In the production area, GIS facilitates the optimal siting 

and querying of service installations relative to production centers to meet the production 

parameters. In mine safety, the siting of refuge chambers relative to production centers is 

optimized and areas of potential safety concern are identified utilizing GIS’s proximity 

analysis. The same applies to finding the shortest route to emergency exits and 

preparation of maps to facilitate the prompt evacuation of mine personnel.



7

The Application of GIS to Bauxite Mining in Jamaica (Website 7, Hamm, 2004) is an 

example of GIS applications supported by satellite imagery and orthorectified aerial 

photography to manage, analyze, and display data on tonnage, ore quality, location, and 

ownership. A customized 3D modeling and mine planning system using ArcGIS 8.3 and 

its extensions provide tools that assist in the decision making process and reserve 

management.

2.2 Existing Data for Nome Near-shore Gold Deposit

Most near-shore mineral resources around Northern America have been investigated 

in certain details in the past several decades. The Nome near-shore gold deposit has been 

studied and exploited for over a century. A long history of exploration and mining 

activity generated a huge amount of data and literature. Existing data for near-shore 

marine mineral resources of Alaska can be classified into the following types:

1) Drill hole logs

2) Bathymetry

3) Ocean floor geology and offshore lithology

4) Bedrock geology

5) Bulk sampling data

6) Geophysical survey

7) Geochemical survey data

8) Onshore geology

9) Onshore topography

10) Remote sensing images
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11) DEM data of onshore

12) Related documents, such as geological reports, technical papers, etc.

These data are available in various formats: paper maps, CAD drawing, images, 

pictures, tables, text, and existing GIS format layers. All of these data could be the 

sources of GIS system after necessary scanning, digitizing, converting and 

georeferencing.

2.3 GIS Application Requirements for the Nome Near-shore Gold Deposit

One important step in the GIS needs assessment process is to determine which 

functions within the GIS system will fulfill the user’s requirements. Based on the 

investigation of potential users, the following application functions should be provided in 

a GIS system for near-shore marine mineral resources.

1) Data Management

Data management is a fundamental expectation of GIS users. The increasing amount 

of multiple data sets available to geologists has created an ever-increasing demand for 

efficient capture, storage, management, retrieval, and analysis of geo data. Today, 

geologists face the difficult task of relating and integrating vast amounts data with 

different formats obtained from different sources and compiled with different coordinates 

and scales. As addressed in the previous section the data might potentially exist in 

various formats, such as paper maps, CAD drawing, images, pictures, tables, text and 

existing GIS format layers. It is desirable to integrate and manage all these data in one 

GIS system. It is not only convenient for data archives management, but can also 

facilitate data utilization and information retrieval.

2 ) Data Visualization

One of the frequently performed tasks in GIS is to display high-quality maps on the 

screen by overlaying the multiple layers. Maps not only demonstrate the vector elements
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of the layers, they also outline the geodatabase. Attribute features of layers stored in 

geodatabase should be visualized via symbolizing and charting. In order to perform 

spatial analysis, 3D surface models are necessary. They should be created using elevation 

or attribute data with appropriate interpolation methods. Contour maps and cross- 

sectional maps can be generated based on A 3D surface model.

3) Spatial Analysis

Performing accurate and effective spatial analysis is the ultimate goal of implementing 

GIS. In addition to the classical spatial analysis tools such as Overlay and Buffer, more 

advanced analyses including spatial correlation statistical analysis, sample interpolation, 

raster classification and calculation, etc., are becoming critical requirements in mine 

designing and planning. Sample interpolation is a requirement in this study for drill hole 

log analysis.

4) Resource Estimation

Ore reserve estimation for the study area is a key task in this study. Resource 

estimation is a spatial geostatistical problem. There are many statistical and geostatistical 

methods available in the literature and these have been studied and used in mining 

engineering for years. In these projects, important physical characteristics of the orebody 

that must be estimated include (1 ) dimension, inclination and continuity of ore zone, (2 ) 

distribution of mineral grade, and (3 ) spatial variability of minable grade. In order to 

perform resource estimation, delineating these spatial features in regularized spatial 

geodatabase via GIS is a practical and effective approach. This requirement needs to be 

supported by geostatistics tools in a GIS application system.
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5) Dissemination of GIS Data through the Internet

Although a preliminary web site was developed to store, display and disseminate the 

information to the public in the initial stage of this project, the capability of this 

preliminary web site was limited. This first version of the website was a simple webpage 

supported by HTTP (Hypertext Transfer Protocol) and FTP (File Transfer Protocol) that 

ran on the internet. Maps generated in GIS applications have to be converted to images 

for distribution.

Web-based interactive GIS systems, which rely on a GUI (Graphic User Interface) or 

WWW and its add-ons to provide interactivity between the user and the GIS programs, 

have been developed and enhanced in recent years. Many aspects of web-based GIS have 

been improved, for example, data sharing and disseminations, simple geospatial data 

search and queries, online data processing, and online location-based services.

In order to allow users to more effectively utilize the data of near-shore mineral 

resources, an enhanced data distribution website, based on the web-based interactive GIS 

system, would have to be established. The website would permit users to not only 

interactively perform map display and data query, but also complete advanced spatial 

data analysis and reserve estimation.

2.4 Technical Approaches

To fulfill the goals of this study and satisfy the technical application requirements, 

several commercial GIS softwares, such as Maplnfo, Geomedia, AutoCAD Map, and 

ArcGIS were investigated. ArcGIS System with its advanced spatial, and geostatistical 

analysis capability and integrated web GIS solution became the choice of the project.

2.4.1 ArcGIS System

The ArcGIS System, a series of GIS programs produced by ESRI (Environmental 

Systems Research Institute, Inc.), uses intelligent GIS data models for representing
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geography and provides all the tools necessary for creating and working with the 

geographic data. This includes tools for all GIS tasks: editing and data automation, 

mapping and map-based tasks, data management, spatial analysis, metadata management, 

and deploying data and application on the Intemet.The ArcGIS system consists of various 

components that can be deployed on a single desktop or distributed on a computer 

network of workstations and servers (ESRI). Users can deploy various components of 

this system to implement a GIS of any size, from a single-user system to work groups and 

large societal GIS systems. Several important components of ArcGIS, which have been 

used in this study, are discussed briefly in the following sections.

2.4.1.1 ArcMap

ArcMap is the central application in ArcGIS System. It can be used for all map-based 

tasks including cartography, map analysis, and editing. Furthermore, it offers different 

ways to view a map: a geographic data view and layout view. With ArcMap, the 

following tasks can be fulfilled:

1) Visualizing Information

Maps in ArcMap not only tell us where things are, but also what is special about them. 

With advanced symboling, styling and labeling functions, wonderful patterns of 

geographic data can be seen, hidden trends and distributions can be revealed, and new 

insights can be gained.

2 ) Working Geographically

Maps are not static displays; they’re interactive. A map can be browsed, clicking to 

obtain a closer look at a particular data, and pointing at features to find out more 

information about them.
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3) Showing Relationships

The relationship between features can be shown by opening tables and creating charts, 

then adding these elements to a map.

4) Solving Problems

A map can be searched for features that meet a particular criterion or meet multiple 

criteria, for instance, finding features by names, proximity, or characteristics.

5) Creating and Updating Data

The data can be kept current with the latest information from the field. ArcMap has 

integrated editing tools to edit, update, or create new data.

6) Presenting Results

With the layout tools, high-quality maps can be created and presented. Maps can be 

embedded in reports, published on the Web, exported to various standard formats, or 

printed out.

7) Developing Mapping Applications

Using the built-in Visual Basic for Applications (VBA) programming environment or 

other favorite programming languages, special mapping applications can be developed. 

With ArcMap, the interface can be customized to suit special needs and macros can be 

coded to automate work, or ArcMap components (ArcObject, MapObject) can be used to 

embed mapping capabilities into other software.

2.4.1.2 ArcCatalog

ArcCatalog is a GIS data browser, which is used to organize and manage all of the 

GIS data. It includes tools for browsing and finding geographic information, recording,
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viewing, and managing metadata, quickly viewing any dataset, and defining the schema 

structure for geographic data layers.

First, connections are created to the geographic data being worked with to the Catalog, 

The folders can be connected on local disks, to shared folders and databases that are 

available on the network, or to Internet map servers. Then the following tasks can be 

performed:

1) Browse for Maps and Data

One can search for the data and explore the search results using different views that 

are available. One can select a folder, database, or Internet server in the Catalog tree and 

examine the list of geographic data it contains in the Contents tab. The appearance of the 

Contents list can be changed using buttons on the Standard toolbar. The view can be 

switched from large icons to small icons, or list properties and metadata for each item. 

Thumbnail view lists snapshots illustrating the geographic data contained in each item in 

the folder, database, or Internet server.

2) Explore the Data

One can select an item that contains data in the Catalog tree and then examine its data 

using the Preview tab. Geographic data can be examined with Geography view. Buttons 

and tools on the geography toolbar can be used to zoom and pan to explore the features in 

a CAD drawing, cells in a raster, or TIN. The Identify tool, which is the same as in 

ArcMap, can be used to click a feature, cell, or triangle and see its attributes. With Table 

view, the attributes table of dataset or the contents of any table, a database can be viewed. 

The table’s contents can be explored by rearranging its columns, sorting its rows using 

the values in one or more columns, or searching for specific values.



14

3) View and Create Metadata

Although in the Properties dialog box for a data source, its coordinate system and the 

data type of each attribute can be viewed, one must look at its metadata for information 

such as why the data were created, the appropriate scale to use the data, a data accuracy 

report, or a description of what an attribute name means. ArcCatalog comes with a 

metadata editor that can be used to create and edit the GIS dataset. This metadata can be 

updated automatically when the dataset changes, for example, when a new attribute has 

been added. Metadata is an integral part of the data and will follow when the data is 

copied or moved to a new location.

4) Create New Dataset

The new dataset or layer of ArcGIS format, such as shapefile, geodatabase, can be 

created in ArcCatalog. All the data can be worked with in the same way regardless of the 

format in which they are stored. Several tools are also available to organize and maintain 

data.

2.4.1.3 ArcToolbox

ArcToobox provides a very rich and powerful set of geoprocessing functions, which 

include over 150 tools for easy access and use. The tools in ArcToolbox create and 

integrate a vast array of data formats into usable GIS databases, perform advanced GIS 

analysis, and manipulate GIS data. With these tools, all major spatial data formats can be 

converted to and from ArcGIS coverages, grids, and triangulated irregular networks 

(TINs). Topology can be generated and maintained. Map sheets can be joined, clipped, 

and split. Advanced coverage-based modeling tools can be used. The coordinate 

reference system of map can be created and converted using the Project Wizard.
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2.4.1.4 ArcGIS Spatial Analyst

ArcGIS Spatial Analyst, one extension of ArcGIS, adds a comprehensive set of 

advanced spatial modeling and analysis tools to the ArcGIS Desktop. Using ArcGIS 

Spatial Analyst, one can derive new information from the existing data, analyze spatial 

relationships, and build spatial models integrating core ArcGIS Desktop and ArcGIS 

Spatial Analyst tools. The following tasks can be performed using ArcGIS Spatial 

Analyst:

1) Find suitable locations.

2) Find the best path between locations.

3) Perform integrated raster/vector analysis.

4 ) Perform distance and cost-of-travel analyses.

5) Perform statistical analysis based on the local environment, small 

neighborhoods, or predetermined zones.

6) Generate new data using simple image processing tools.

7) Perform raster classification and raster calculation.

8) Interpolate data values for a study area based on samples.

9) Clean up a variety of data for further analysis or display.

2.4.1.5 ArcGIS 3D Analyst

ArcGIS 3D Analyst, one extension of ArcGIS, allows effective visualization and 

analysis of surface data. Using ArcGIS 3D Analyst, one can view a surface from multiple 

viewpoints, query a surface, determine what is visible from a chosen location on a 

surface, create a realistic perspective image that drapes raster and vector data over a 

surface, and record or perform three-dimensional navigation.
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The ArcGlobe application in ArcGIS 3D Analyst allows the users to manage and 

visualize, from a local or global perspective, extremely large sets of three-dimensional 

geographic data. ArcGlobe provides the capability to seamlessly interact with any 

geographic information as data layers on a three-dimensional globe.

The following tasks can be performed with ArcGIS 3D Analyst:

1) Create three-dimensional views directly using your GIS data.

2) Analyze three-dimensional data using cut/fill, line-of-sight, and terrain 

modeling.

3) View geographic data from a global to local perspective.

4 ) Navigate through multiresolution terrain data seamlessly.

5) Do spatial analysis in two or three dimensions.

6) Visualize modeling or analysis results in three-dimensions.

7) Use three-dimensional models with object symboling for data realism.

8) Export the visualizations into videos.

2.4.1.6 ArcGIS Geostatistics Analyst

ArcGIS Geostatistical Analyst is an extension to ArcGIS Desktop that provides a 

variety of tools for spatial data exploration, identification of data anomalies, optimum 

prediction, evaluation of prediction uncertainty, and surface creation. With ArcGIS 

Geostatistical Analyst one can explore data variability, look for data outliers, examine 

global trends, and investigate spatial autocorrelation and the correlation between multiple 

datasets.

Surface properties can be analyzed by modeling the semivariogram or covariance of 

the dataset.
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1) Create prediction, prediction standard errors, the probability that a specified 

threshold value was exceeded, and quantile maps using various geostatistical 

models and tools.

2) Perform Inverse Distance Weighted (IDW) interpolation.

3) Perform various Kriging interpolation analyses, including ordinary, simple, 

universal, indicate, probability, and disjunctive kriging.

ArcGIS Geostatistical Analyst is a complete package for spatial data preprocessing, 

geostatistical analysis, contouring, and post-processing. It also includes interactive 

graphical tools with robust parameters for default models to help newcomers to 

geostatistical data analysis.

2.4.1.7 ArcIMS

ArcIMS is the solution for delivering dynamic maps and GIS data and services via the 

Web. It provides a highly scalable framework for GIS Web publishing that meets the 

needs of corporate Intranets and demands of worldwide Internet access. ArcIMS services 

can be used by a wide range of clients including custom Web applications, the ArcGIS 

Desktop, and mobile and wireless devices. Using ArcIMS, city and local governments, 

businesses, and other organizations worldwide publish, discover, and share geospatial 

information. With ArcIMS one can:

1) Deliver dynamic maps and data via the Web.

2) Create easy-to-use, task-focused applications that use geographic content.

3) Develop custom applications using industry-standard Web development 

environments.

4) Share data with others to accomplish tasks.

5) Implement GIS portals.
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2.4.2 Geographic Data Model

ArcGIS has a high-level geographic data model for representing spatial information as 

features, rasters, and other spatial data types. ArcGIS supports an implementation of the 

data model for both file system and DBMSs. The file-based models include GIS datasets, 

such as coverages, shapefiles, grids, images, and TINs. The geodatabase model manages 

the same type of geographic information in a DBMS, providing many of the data 

management benefits offered by a DBMS.

Both the file-based data models and the DBMS-based geodatabase model define a 

generic model for geographic information. This generic model can be used to define and 

work with a wide variety of different users or application specific models.

2.4.2.1 File-based Models

ArcGIS supports a file-based data model of coverages, shapefiles, and attribute tables. 

Grads and TINs provide an additional spatial support for raster data and surfaces. All of 

the ArcGIS family and its extensions work well with file-based data.

2.4.2.2 The Geodatabase Model

ArcGIS includes the geodatabase, which is a data model for representing geographic 

information using standard relational database technology. The geodatabase, shorthand 

for geographic database, supports the storage and management of geographic information 

in standard relational database management system tables. For example, a table can be 

used to store a feature class where each row in the table represents a feature. Each row in 

the table has a shape column used to hold the geometry or shape of the feature. This 

fundamental relational storage model adheres to the Open GIS Consortium (OGC) and 

the ISO simple features specification. For example, geodatabases can be implemented 

using the spatial type delivered with Oracle Spatial database.
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In addition to vector features, all other spatial data types can be managed and stored in 

the relational tables to provide the opportunity to manage all spatial data in one DBMS, 

such as in MS Access. Thus, geodatabase storage and management is relational.

In this study, two geodatabases are generated and managed: one is called the 

Integrated Geodatabase which used to store all of the attribute tables and vector layers, 

the other is called the 2.5D Geodatabase, which is used to store the slices information of 

gold grade and lithology of regularized cells.

2.4.3 Metadata

Metadata are data about data. They describe characteristics of the actual GIS dataset. 

The widely-accepted general approach is presented in the Contents Standards for Digital 

Geospatial Metadata of the Federal Geographic Data Committee (FGDC). The following 

ten categories are in this document, which lays out the definition of metadata in detail.

1) Identifier: description of the goal, the theme, spatial position, status, graphics, 

etc.

2 ) Data quality: origin, positional and attribute accuracy, logical consistency, and 

completeness

3) Spatial organization of the data: specification of the data model

4) Georeference: projection, datum, coordinate system

5) Entities and attributes: definition of entities and attribute keys, measurement 

scales and ranges

6) Acquisition: sources, ordering procedures, specifications for digital transfer, 

transfer media

7) Contacts: contacts, security classification, etc.
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8) References: suggested reference form: source, developer of data, title, owner, 

data of development and editing, links to other references

9) Time span: how long the data remain valid

10) Contact address: people, addresses, telephone number, e-mail, working hours

ArcCatalog comes with a metadata editor that can be used to create and edit the 

metadata of the GIS dataset. When ArcCatalog creates and updates metadata, the item’s 

properties and documentation hints are added to the appropriate elements as defined by 

the FGDC standard and the ESRI profile. This metadata can update automatically when 

the dataset changes, for example, when a new attribute has been added. Metadata are an 

integral part of the data and will follow when the data are copied or moved to a new 

location. One can import the outside metadata (TXT, XML, and HTML) for a dataset and 

can also export the metadata as a TXT, XML, or HTML file for the use outside of 

ArcCatalog.
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Chapter 3 Geology and Offshore Gold Resources at Nome

Nome, Alaska is located on the southern coastline of the Seward Peninsula, on the 

northern coast of Norton Sound at about latitude 64°30'N and longitude 165°30'W, 

which is about 840 km west of Fairbanks and 860 km northwest of Anchorage (Figure 

3.1). Gold is abundant offshore at Nome because fluvial and glacial processes 

transported gold from gold-enriched bedrock in the uplands into the marine environment 

where it was further concentrated. USGS and USBM did a significant amount of work 

on the geology of the area (Nelson and Hopkins, 1972; and Tagg and Greene 1973).

Physical Environment

3.1.1 Climate

The average temperatures of Nome range from -41°C to 30°C. The precipitation 

averages about 400 mm/year, half as snowfall, the rest as light rain. Sea water

Figure 3-1 Location Map ofNome, Alaska
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temperatures fall from around 17°C in early August to -1°C by the first week of 

November, when the average daily air temperature drops to below -7°C.

In June and July the almost constant wind averages 15 to 32 km/h, increasing to 15 to 

40 km/h through the summer. It exceeds 16 km/h for 90% of the time. Wind initiates an 

average swell height of 2.0 m or more 15% of the time. In the average summer, Nome 

usually suffers the effects of three storms, which are defined as winds of 55 km/h or 

more, combined with wave heights exceeding 4.3 m.

3.1.2 Sea Ice

All marine activities are determined by the presence of sea-ice, the arrival of which is 

indicated by the rate of fall of the water temperature. Ice develops on the open sea in 

early November and becomes shorefast in mid to late of January. Overnight, a 100 mm or 

more thick of ice cover may suddenly form. By March it is more than 1 m thick over 80% 

to 90% of the sea. Thawing ice floes disappear in late May or early June.

3.2 History o f  Exploration and Mining

3.2.1 Exploration

1) Shell Oil Company and Asarco

In 1962, Shell Oil Company, the first offshore Prospecting Permit owner in the Nome 

area, conducted a set of seismic and magnetic surveys in the permit area with lines both 

parallel and perpendicular to the coastline and up to 6.5 km offshore. After a basic 

geophysical study, a drilling program was conducted to sample the permit area in 1963. 

Up to 1964, 568 drill holes were drilled and sampled from the city of Nome on the east to 

a western terminus approximately 3 km west of the present causeway.

American Smelting and Refining Company (Asarco) took over the operation in 1968 

and extended the exploration area to a point 1 km west of the Penny River, approximately 

13km west of Nome; 500 holes were drilled from ice in early 1969. The holes were
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drilled in the winter using a sled mounted Becker AP-1000, reverse-circulation hammer 

drill. Samples were collected every four feet; the sediments from each four-foot interval 

were briefly described and assayed for gold content. Asarco also carried out 

investigations including bottom photography, current and wave measurements, bulk 

sampling, pilot scale mining, environmental assessment, and a preliminary engineering 

design and cost estimate.

2 ) U.S. Bureau of Mines and U.S. Geological Survey

From 1967 to 1968, the U.S. Geological Survey collected 700 bottom samples in the 

northern Bering Sea and sampled the beaches at Nome and other areas around Norton 

Sound, In addition, the U.S. Bureau of Mines drilled 51 holes, which spread offshore of 

Nome to aid in economic evaluation.

3) Nova Natural Resources Corp. (former Power Resources Corporation)

In 1983, Power Resources Corporation contacted with the Asarco and completed a 

reserve study and title evaluation. Application was filed for mining permits and the 

property was purchased by Nova.

4 ) WestGold-IMI

In 1985, the property was sold to Inspiration Mines Inc, and later to WestGold. During 

the summers of 1986 and 1987, WestGold carried out 3400 line km of high-resolution 

seismic surveys of the lease area. Seismic data were interpreted to provide facies 

interfaces and thicknesses, allowing faulting to be identified and profiles to be drawn. 

Simultaneous side scan sonar surveys, with a 3-mm penetration, were used to map 

sediment type on the seafloor. All interpretations were aided by detailed bathymetric 

records to enable recognition of the different offshore zones and their component 

geological features, which possessed a slight topographic signature. In three years from 

1987 through 1989, WestGold completed 2530 holes and collected 57 bulk samples. Each 

hole was drilled in one-meter increments. The sediment from each one-meter interval
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was collected and stored, a brief sediment description was recorded and the gold content 

was assayed.

3.2.2 Mining History

In 1960 enaction of the U.S. Offshore Minerals Leasing Act allowed securement of 

title to the offshore for gold exploration and production. Six state leases, totaling 8722 ha, 

were acquired from Power Resources Corporation in 1985 by Inspiration Gold Inc. They 

were later transferred to WestGold. From 1986 to 1990 inclusive, WestGold produced 

over 120,000 oz of gold from the offshore, using a large dredge, which was subsequently 

scrapped. The venture represents a unique and significant example of marine gold 

exploration and mining.

3.2.3 Drill Holes Data for this Study

As described above, up to 1964, 568 drill holes were drilled and sampled by Shell Oil 

Company, and Asarco drilled an additional 500 holes in 1969. The Shell-Asarco drilling 

covered most of the shallower parts of the lease block and formed the basis for 

preliminary resource estimation. In three years from 1987 through 1989, WestGold 

conducted 5 drilling programs and one bulk sampling program, completed 2530 holes 

and collected 57 bulk samples.

The lease boundary, excluding the grounds previously dredged, is divided into two 

categories, “Proven” and “Probable”. Proven reserves are limited to areas where drill hole 

spacing does not exceed 70mx70m, and probable reserves are generally defined by 

drilling on 100mx200m grids.

3.3 Geology

Because of the extent and richness of the Nome gold resources, the area was studied 

extensively, and geological, geophysical, and geochemical characteristics of offshore 

gold deposits were well documented in the published literature. Various aspects of
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geology of the Nome placer deposits onshore and offshore have been described by 

Nelson and Hopkins (1972), and later by Bronston (1990).

3.3.1 Bedrock Units

There are 22 metasedimentary, metavolcanic, and metaplutonic bedrock units in the 

area. The Nome Group is a series of four lithostratigraphic units that are locally 

deformed by low-angle thrust faults. The Nome Group consists of the following four 

sub-units:

1) a basal, complexly deformed quartz-rich pelitic schist,

2) a unit of mafic and pelitic schists and marble,

3) a mafic-dominated schist assemblage, and

4) a dirty marble (Bundtzen et al., 1994).

The bedrock topography (Pleistocene-Pliocene contact) was interpreted from high 

resolution seismic survey (Bronston, 1990) (Figure 3.2).

Figure 3-2 Bedrock Contour Maps with Fault Interpretation Offshore Nome (Bronston,

1990)
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Extensive faulting in the Precambrian basement rock displaced the Pliocene 

sediments, producing an asymmetrical, concave trough synform, which plunges to the 

south. The east-west trending fault, which is named the “basin boundary fault” (Bronston, 

1990), delineates the northern extent of the synform. Numerous smaller faults strike 

northeast and northwest at various angles to the basin boundary fault (Figure 3.2)

3.3.2 Nome Offshore Lithology

Side-scan sonar data and photographs were used to map the distribution of sediment 

grain size on the ocean floor within the study area by WestGold during 1987 survey. 

Figure 3.3 is a simplified map of the sediment on the ocean floor modified from map 

originally created by WestGold exploration staff.

Figure 3-3 Lithologic Map of the Ocean Floor Offshore of Nome (Surficial geology 

summary modified from Howkins, 1992)

Offshore sediments consist of varied lithologies, the majority of which have been 

mapped onshore. These lithologies include: red granite and quartz monzonite, which are 

common with abundant chlorite schist, marble, marble schist, limestone, graphitic schist,
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graphitic-siliceous calc-silicate rock, biotite schist, and rare polished round, green quartz 

pebbles (Howkins, 1992). Fine grain marine sediments deeply bury offshore bedrock 

east ofNome; to the west offshore bedrock is just below the sea bottom.

The sedimentary processes of Nome onshore and offshore have been studied by 

Nelson and Hopkins (1972) through combining the exploratory drilling and seismic- 

reflection survey data. Figure 3.4 shows the geologic section map cross the coastal plain 

area, which is indicated as the A-A’ line in Figure 3.3. The coastal plain at Nome was 

overridden by glacial ice at least twice, and glaciers extended several miles seaward of 

the present coastline in the study area.

Figure 3-4 Geologic Section Across the Coastal Plain Area at Nome (Nelson and

Hopkins, 1972)
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3.3.3 Glaciation

Moraine deposits from glacier activity cover most of the area (Figure 3.5). The most 

extensive of which is a surface drift sheet deposited during the Nome River glaciation of 

the middle Pleistocene (Bundtzen et al., 1994). The subsequent Stewart River, Salmon 

Lake, and Mount Osborn glacial periods were much smaller and restricted to higher 

elevations and mountain valleys (Howkins, 1992).

Figure 3-5 Distribution of Glacial Deposit in Nome (Bundtzen et ah, 1994)

According to Nelson and Hopkins (1972), glaciers have advanced past the Nome coast 

at least twice in geological history (Figure 3.4). The first event occurred in the early 

Pleistocene, and the second event was the Illinoisan Glaciation. The much smaller 

glaciers of Wisconsin age did not reach the coastal plain at Nome (Hopkins, 1960).
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These glacial activities resulted in the emergent beach deposits in the Nome area being 

a major source of the gold. The glaciers eroded mineralized bedrock and older alluvial 

placers in the hills north of Nome and excavated segments of the older beach placers on 

the coastal plain, and then the gold was dispersed within the glacial drift. Current wave 

actions are the latest power that causing the gold concentrates on the modem shallow sea 

floor.

During Pleistocene glaciations of the region, changing sea levels caused the Bering 

Sea to become intermittently a coastal plain joining the North America and Asian 

continents. Primary gold was released from hard rock sources by extreme frost action to 

be deposited in down slope colluvials and in fluvial channels, which were wedged into 

the coastal plain. These preglacial deposits were later swept up, together with eroded 

bedrock, by advancing glaciers.

Major glaciations formed the original source of most of the onshore placer gold. 

Additional gold was transported by the glacier with ice and detritus, down the lower 

Snake River valley, onto and across the coastal plain. Gold-bearing debris was bulldozed 

to at least 2 or 3 km beyond and to the south of the present shoreline to remain as glacial 

moraines and outwash deposits. Later, as the glaciers receded and the sea level rose, the 

morainal topography was molded, leveled, and partially eroded by the coastal water.

3.3.4 Sediment-controlled Structures

The sediment architecture of Nome offshore study area is divided to 9 structural 

elements based on glacial, marine, and fluvial origin by staff of WestGold (Figure 3.6):

1) Central Core

2) Marine Fringe

3) Fluvial Channel

4) Fore Trough
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5) Thrust Zone

6) Back Trough

7) West Flank

8) Transition Zone

9) East Flank
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Figure 3-6 Outline of the Sediment-controlled Structure Within the Study Area

(Modified from Howkins, 1992)

The Central Core is the dominant structural element. It is composed mainly of diamict 

facies sediments and shows an asymmetrical outline. The Back Trough feature is 

composed of sand and gravel facies sediments with some occurrences of mud. Sediment 

in the Fore Trough is mud-rich and has a low gold content. The Thrust Zone is an area of
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displaced mud caused by glacial advance over the troughs, hence the name Thrust Zone. 

The Transition Zone is an extensive area of mature gravel and sand with interbedded 

mud. The Marine Fringe is the seaward margin of the Central Core with washed 

sediment composed of gravel and sand facies. East of the Central Core, the East Flank is 

composed of typical high-energy shallow marine deposited sediment. The West Flank is 

an area dominated by gravels with less distinct boundaries than the East Flank (Howkins, 

1992).

3.3.5 Economic Geology

There are four types of land-based metallic mineral resources identified in the Nome 

area. These resources include: gold-polymetallic-quartz-carbonate veins, stratiform, 

massive sulfide-barite deposits associated with felsic metavolcanic schist and metafelsite 

centers, massive sulfide-iron deposits hosted in carbonate-dominated terranes of 

uncertain origin, and heavy mineral placer deposits.

The origin of the offshore gold deposits at Nome may be divided in three steps. 

During the first step, the lean gold gravels deposit on the coastal plain from deltas. The 

next step involves the coastal uplift. After uplift, the new beach is subjected to ocean 

wave erosion, and gold-rich gravels become more concentrated. The final step deals with 

the idea that glaciation can lead to concentration of gold, as is seen in Nome. According 

to the three steps, other placers in areas of heavy glaciation, especially valleys covered in 

glacial sediment, may prove to be worthwhile exploration targets (Boyle, 1979).
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Chapter 4 Development of GIS Structure

Numerous data in both image and digital formats are collected and complied in this 

study. These data are further processed and integrated into the Integrated Geodatabase 

using ArcGIS application programs and MS Access. The Integrated Geodatabase has 

strong capability of storing, displaying and disseminating the original information. In 

order to allow interactive linkages between spatial objects and tabular data and to 

facilitate query, management, analysis and utilization of the mineral data in the Nome 

area, a Regularized 2.5 Dimension Geodatabase is derived based on the Integrated 

Geodatabase using GIS application tools such as 3D Analyst, Geostatistics Analyst, and 

Spatial Analyst. Building these two databases is the primary task of the project. Figure

4.1 shows the flowchart of the conceptual GIS structure. Detailed discussions are 

presented below.

Figure 4-1 The Flowchart of the Conceptual GIS Structure

4.1 GIS Data Collection and Integration

1) Borehole Data

During the previous stage of this project, data from more than 3500 drill holes were 

converted into MS Excel. Each drill hole includes coordinates, lithology, gold content,
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and blow count. After removing a few incomplete drill hole records, 3468 drill holes 

were eventually integrated in the Integrated Geodatabase.

2) Onshore Geology Data

A preliminary geologic map of the Nome Mining District, scaled at 1:63,360 with 

Arclnfo coverage format, was obtained from the Progress Report on the Geology and 

Mineral Resources of the Nome Mining District (Bundtzen et al., 1994).

3) Offshore Ocean Floor Geology Data

One ocean floor geological map was created based on side-scan sonar data collected 

by WestGold during the high-resolution geophysical survey in 1987. It was scanned and 

digitized from Howkins’s thesis - A Model for Shallow Marine Placer Deposition (1992).

4) Offshore Major Structural Elements Data

The data were scanned and digitized from Howkins (1992).

5) Onshore DEM (15minute) data

The data were downloaded from USGS ftp website ( ftp://agdcftDl.wr.usgs.gov /pub 

/usgs /dem/15MIN) and converted to ArcGIS grid format.

6) Nome Region Base Map

The map was converted from TOPO Map (USGS) to TIFF format.

4.2 GIS Directory Structure

The general directory structure of the Nome offshore GIS application is shown in 

Figure 4.2 and detailed explanations are given below.

ftp://agdcftDl.wr.usgs.gov
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Figure 4-2 Directory Tree ofNome GIS Workspace
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1) /Databases:

/Norm_ori_GDB.mdb: the Integrated Geodatabase which stores all of the original data 

layers and integrated drill hole records.

/NomeGeodatabase.mdb: the 2.5D Geodatabase which stores the statistical results of 

gold content presented in lOmxlOm regularized cells. It includes the grades, orebody 

boundaries, and thicknesses in various reference levels in order to perform the reserve 

estimation with dynamic criteria.

2) /Coverages: the folder to store the Arclnfo coverage format files. Some 

important geoprocessing functions require coverage format files, for example, 

creating Thiessen Polygons, clipping the grid raster, creating vector files from 

grid files and others.

3) /Shapefiles: the folder to store the ArcGIS shapefile format files.

4) /Grids: the folder to store the ArcGIS grid format raster files, such as the 

geostatistical prediction maps and orebody boundary surface model.

5) /TINs: the folder to store the Arclnfo TIN format surface model file.

6) /Images: the folder of various images, such as the scanned images from paper 

maps and TIFF format background maps of Nome exported from the TOPO 

software.

7) /Normalized_layers: the folder which stores the layers for Internet 

distribution. For data security purposes, the sensitive data have been 

normalized.

8) /Pictures: the folder of various pictures, which includes charts, graphs and 

maps generated from GIS application processes for result presentations.
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9) /Blocks: the folder which stores the sub-region drill hole data and analysis 

results, based on the lease blocks.

10)/Otherdata: includes two subfolders: /DEM and /Geophysics.

/DEM: the DEM (Digital Elevation Model) files in the Nome district for generating 

the 3D view.

/Geophysics: some geophysical data have been collected for geological analysis:

The magnetic total field grid (/NOMEMAG.GRD) corrected for regional variation 

(IGRF 1985, adjusted to Aug 1993) (DGGS, 1994).

The 7200 Hz Coplanar Resistivity grid (/ NOMER72.GRD), calculated using the 

Pseudo-layer half-space model (DGGS, 1994).

The 900 Hz Coplanar Resistivity Grid (/ NOMER900.GRD), calculated using the 

Pseudo-layer half-space model (DGGS, 1994).

The filtered total field VLF (/ NOMEVLF.GRD) from the Lualualei, Hawaii station 

(NPM; 23.4 KHz) (DGGS, 1994)

11) /Docs: the folder to store the various documents related to this study.

1 2 )/Workspace: the folder to store the ArcGIS document (.mxd), which saves the 

map layout setting, the data edit and analysis environment for each 

application.

4.3 Building the Integrated Geodatabase

Geodatabase is a container for storing spatial and attribute data and the relationships 

that exist among them. It only can be created in ArcCatalog, one of the three ArcGIS 

desktop application programs. Most of the spatial data format files, such as Arclnfo 

Shapefile, Coverage, Region, Grid and AutoCAD drawing, and various format non-
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spatial tables can be converted into geodatabase. The geodatabase manages the same 

types of geographic information in an RDBMS such as DB2, Informix, Oracle, SQL 

Server, or Microsoft Access database program. Microsoft Access, however, only supports 

a simplified geodatabase - Personal Geodatabase, which can not store raster data. 

Therefore, except raster data, most of the spatial data layers and non-spatial table 

collected for this project are stored in the Integrated Geodatabase (Nome_ori_GDB.mdb) 

as listed in Table 4.1.

Table 4-1 Listing of Feature Classes in Integrated Geodatabase

Feature Class Type Description

D H location Table Drill hole location info

DHsegmentinfo Table Borehole segment attributes

DHsliceinfo Table Layered orebody information

GeoDHsliceinfo Point Layered orebody information

L ith slice P o ly Polygon Layered lithology

OnshoreGeo Polygon Onshore geology

OffshoreGeo Polygon Ocean floor geology

Structure Polygon Offshore sediment structure elements

Permitblk Polygon Exploration permit blocks

Rivers Polygon Rivers, town and roads ofNome

Studyarea Polygon Study area boundary

The Integrated Geodatabase is created using ArcCatalog, ArcMap and MS Access. 

The following three tasks are performed using Microsoft Access:

1) Import all borehole location data in MS Access and integrate them to form a 

borehole location information table (DH_location) as shown in Figure 4.3. 

The attributes of the DH location table are shown in Table 4.2.
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Figure 4-3 Example of Borehole Location Data

Table 4-2 Field Attributes of DH_location

Field Name Data Type Description

ID AutoNumber Auto record number

DHID Number Serial number of drillhole

XSPM Number Longitude (NAD1927 S P A K 8, meters)

YSPM Number Latitude (NAD1927 S P A K 8, meters)

Seaflrdepth Number Depth of sea floor from sea level

D rillend Number Depth of ending of drillhole

Blname Text Block name of exploration permit

Field counts = 7; Records counts = 3468

2) Import and integrate all borehole layered lithology and gold value log to form 

a borehole segment attributes table (DH_segmentinfo) as shown in Figure 4.4. 

Field attributes are shown in Table 4.3.
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Figure 4-4 Example of Borehole Segment Info Table

Table 4-3 Field Attributes of DH Segment Info

Field Name Data Type Description
DHID Number Serial number of drillhole

IBEGIN Number Starting depth of segment

IEND Number Ending depth of segment

METER Number Depth of under sea floor

DRIVE Number Thickness of segment

TOP Text Mark of starting of sea floor

Sedcode Text Code of sediment type

Lith Text Description of lithology

MGCM Number Gold content (mg/m3)

G_T Number (Gold content) * (Thickness of segment)

CUMMG Number Cumulating of G_T

CUMMG/M Number CUMMG/(Depth of under sea floor)

CUMMG% Number (G_T)/ (CUMMG)

OZCM Number Gold content (ozJ m3)

OZCY Number Gold content (oz/yd3)

N m lgrad Number Normalized gold content

Field counts =16; Records counts = 31589
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3) Calculate average grades at several layers, which are bounded by a number of 

specified planes below a reference surface. The planes are either parallel to 

the sea level (-18, -20, -22, -24, -26, -28, -30, -42 m) or to the sea floor (-1, -2, 

-4, -6, -8, -10, -12, -14, -27 m). The calculated average grades at various 

layers form the layered orebody information table (DH sliceinfo) as shown in 

Figure 4.5. Since there are a large number of field attributes for this table, 

only a partial listing of the field attributes is given in Table 4.4.

Figure 4-5 Example of Layered Orebody Info Table

The above three tables are linked by related field of borehole ID (DHID) as shown in 

Figure 4.6.

mm
DHID
XSPM
YSPM
IBEGIN
IEIMD
METER.
DRIVE
TOP
Sedcodo
Lifch
MGCM
G_T
CUMMG
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OZCY
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Figure 4-6 The Three Tables Linked by Common Keys of Borehole ID
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Table 4-4 Partial Listing of Field Attributes of DHsliceinfo

Field Name Data Type Description
DHID Number Serial number of drillhole

Seaflrdepth Number Depth of sea floor from sea level

O rebegin Number Starting depth of orebody (g>lmg/ m3)

O reen d Number Ending depth of orebody (g>lmg/ m3)

O reThickn Number (Ore begin) -  (Ore end)

AveM G CM Number ^  (content x thickness)  j (Ore _ Thickn) ;(mg/ m3)

Ave_OZCM Number (oz/ m3)

Ore_beginl8 Number

Orebody parameter above -18m sea level
Ore_endl8 Number

Ore_thicknl8 Number

GH18 Number ^  (icontent x thickness)  At above -18m sea level

Ore_aveG18 Number (GH\B)/(Ore_ThicknlS)

Ore_begin20 Number

Orebody above -20m of sea level

Ore_end20 Number

Ore_thickn20 Number

GH20 Number

Ore_aveG20 Number

Underseafloor2m_g Number Gold concentration on the plane 2 meters under sea floor

Underseafloor4m_g Number Gold concentration on the plane 4 meters under sea floor

Lith8m Text Lithology on the plane 8 meters under sea level

Lithl2m Text Lithology of on the plane 12 meters under sea level

Field counts =84; Records counts = 3468

The tables discussed above stored in the geodatabase are not GIS spatial datasets, 

since they do not have spatial features, and can’t be opened in ArcGIS. The new spatial 

feature layer could be created in shapefile format, based on the coordinate information 

stored in the drillhole location table (DH location) using ArcMap, and then the new 

spatial dataset could be converted into Personal Geodatabase as a geodatabase file. The 

following three tasks are performed using ArcMap:
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1) Create borehole distribution map

In ArcMap, import MS Access table DH location using the “create XY point layer” 

tool and develop the drillhole distribution map (Drillhole distribution layer). It will 

generate one Shapefile format file.

2) Join MS Access table DH_sliceinfo into this drillhole layer via related field 

(DHID).

3) Output this layer as Personal Geodatabase feature classes file 

(GeoDH sliceinfo) into Geodatabase file (Nome_ori_GDB.mdb).

This GeoDH_sliceinfo geodatabase feature classes file can be opened in ArcGIS as a 

layer of the map, and also modified in MS Access. The attributes of the fields of GeoDH_ 

sliceinfo table include all of those in both Access tables (DH_location and DH_sliceinfo).

Existing Arclnfo Shapefiles and Coverage files (onshore geology, permit block) are 

converted into the Integrated Geodatabase (Nome_ori_GDB.mdb) in ArcCatalog using 

the Import tool.

Several new feature classes (offshore geology, structure element, rivers and study 

area) are created in ArcCatalog and edited in ArcMap. ArcScan was used to vectorize the 

scanned image of paper maps.

4.4 Building the Regularized 2.5D Geodatabase

The GIS analyses are performed on the Integrated Geodatabase employing GIS 

application tools such as 3D Analyst, Geostatistics Analyst, and Spatial Analyst. 

Information on orebody boundary and grade predictions are generated through these 

analyses as illustrated in Figure 4.1. The Regularized 2.5 Dimension (2.5D ) Geodatabase 

is then built based on the Integrated Geodatabase and information on orebody and grade 

predictions are derived from the 2.5D Geodatabase.
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There are approximately 40.4 km2 in the entire study area. A total of 3468 drill holes 

were distributed asymmetrically, with a 50-120 meters interval. To develop the 

regularized geodatabase, the entire area is divided into 10m by 10m grids. Therefore, the 

Regularized 2.5D Geodatabase contains 404,319 spatial records, each representing one 

10xl0m-grid cell.

The attribute data in GeoDH_sliceinfo layer is applied to build surface models. For 

each reference plane, three surface models are generated. These are orebody upper 

boundary, orebody lower boundary and hypothetical gold concentration surfaces. The 

orebody boundary surfaces are generated by interpolation using the Natural Neighbor 

method, and the gold concentration surfaces are generated by the Inverse Distance 

Weighted (IWD) method (Figure 4.7), which is based on the comparative analysis of 

interpolation methods to be discussed in the next chapter.

All of these surfaces are converted to grid files with lOmxlO m cell size, and then 

saved as Personal Geodatabase layers as point feature class in the geodatabase. The final 

2.5D Geodatabase is formed by integrating all of them together based on spatial locations 

in ArcMap. Example entries of the Regularized 2.5D Geodatabase are shown in Figure

4.8 and a partial listing of the attributes is given in Table 4.5.
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Figure 4-7 Interpolation of Gold Concentration in Geostatistics Analyst

S O re _ a ll: Table G
OBJECTID | x I Y | ShapeJ Ore_Bg42 | Ore_end42 [ Ore_thk42 | Ore ave42 G T42

± 1 163781.1 1173848.75 Long binary data -1.50 -3.69 2.19 156.51 342.57
2 163791.1 1173848.75 Long binary data -1.49 -3.64 2.14 158.13 339.17
3 163761.1 1173838.75 Long binary data -1.59 -3.77 2.18 139.12 303.20
4 163771.1 1173838.75 Long binary data I  ~-1-58 -3.72 2.14 143 49 306.57
5 163781.1 1173838.75 Long binary data -1.57 -3.68 2.11 146.85 310.30
6 163791.1 1173838.75 Long binary data -1.58 -3.68 2.10 148.62 311.56
7 163801.1 1173838.75 Long binary data -1.59 -3.68 2.09! 148.78 310.22
8 163811.1 1173838.75 Long binary data -1.58 -3.66 2.08 147.82 307.85
9 163821.1 1173838.75 Long binary data -1.53 -3.66 2.13 146.00 311.10

10 163741.1 1173828.75 Long binary data -1.69 -3.87 2.18 118.10 257.82
11 163751.1 1173828.75 Long binary data -1.68 -3.81 2.13 123.39 262.86
12 163761.1 1173828.75 Long binary data -1.62 -3.85 2.22 128.31 285.36
13 _„163771.1 1173828.75 Lona binary data -1.64 -3.75 211 132.58 ..... 272.68.

Figure 4-8 Typical Entries/Attributes of the Regularized 2.5D Geodatabase



45

Table 4-5 Partial Listing of Attributes for the Regularized 2.5D Geodatabase

Field Name Data Type Description
G ridID

XSPM Number Longitude of grid center (NAD1927 S P A K 8, meters)

YSPM Number Latitude of grid center (NAD1927 S P A K 8, meters)

Ore_bg42 Number
Upper boundary of orebody interpolated use Natural Neighbor 
method, derived from the data of above -42 meter of sea level

Ore_end42 Number
Lower boundary of orebody interpolated use Natural Neighbor 

method, derived from the data of above -42 meter of sea level

Ore_thk42 Number (Ore_bg42) -  (Ore_end42)

Ore_ave42 Number
Average grad interpolated use Kriging method, derived from the 
data of above -42 meter of sea level

G T 4 2 Number (Ore_thk42)x( Ore_ave42)

Ore_bgl8 Number Derived from the data above -18 meter of sea level

Ore_endl8 Number

Ore_thkl8 Number

Ore_avel8 Number

G T 1 8 Number

0_sf_bg4 Number Derived from the data of above -4 meter of sea floor

0_sf_end4 Number

0_sf_thk4 Number

0_sf_ave4 Number

0_sf_GT4 Number

0_sf_bg6

0_sf_end6

Number

Number

Derived from the data of above -6 meter of sea floor

O s f t h k 6 Number

0_sf_ave6 Number

0_sf_GT6 Number

Field counts =73; Records counts = 404319
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Chapter 5 GIS Application for Nome Offshore Gold Resource Estimation 

and Management

There is much potential in GIS technology for marine mineral resource management 

and analysis. Some useful and powerful functions in the ArcGIS 8.3 are utilized to 

query, visualize, estimate and analyze the data, hence, transferring data into useful 

information.

5 .1  S p a t ia l  R e la t io n a l  D a ta b a s e  Q u e ry

The geodatabase constructed in ArcGIS supports the storage and management of 

geographic information in standard RDBMS. The RDBMS allows flexible data 

extraction, called a “query”, with a single criterion or multiple criteria, based on 

Structured Query Language (SQL). The geodatabase, however, is more than RDBMS. It 

can store and manage the geographic data, also implement sophisticated business logic, 

for example, building relationships between data types, such as topologies and geometric 

networks, validating data, and controlling access.

The two geodatabases built around the Nome Offshore Marine Mineral Resource 

Project are RDBMS based on geographic databases. They are capable of both simple and 

complex queries, and are linked to spatial objects. Various queries, such as drill hole 

information query and multi-variable query of gold reserve, can be performed through the 

geodatabases. Drill hole information query can be carried out by a single click on the 

object of drill holes, and a pop-out window (Identify results) will list all the information 

about that borehole in tabular form. Multi-variable query of gold reserve can be 

conducted by drawing a polygon with mouse, and pop-out windows will show 

information on selected of drill holes and reserve estimation, as well as statistical 

information within the selected polygon area (Figure 5.1).
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Figure 5-1 Procedure of Information Query on Gold Reserve within a Selected Polygon

Area

5 .2  D a ta  V isu a liza tio n

Data can be presented both in graphic and tabular formats. Visualization is the 

presentation of data in graphic form. Graphics gives the best intuitional interpretation of 

the meaning of the data, while a detailed numerical table is useful for more precise 

analysis. The real strength of GIS comes in when tables (database) are linked to 

graphics. This linkage between tables and graphics built in the Nome Project permits 

relational queries at the database, with graphics display, or graphics selection to database 

display, as well as geostatistical results to be displayed in the graphics.

The 3D drill holes and orebody boundaries can be created in ArcScene of ArcGIS 

(Figure 5.2). With the Regularized 2.5D Geodatabase, vertical cross-sectional profiles 

can be generated along any defined poly-line for each grid layer in 3D Analyst (Figure

5.3). The profiles can be created on various defined parameters, such as gold grade, gold 

deposit thickness, sea floor elevation and others. These will provide useful information 

for mining operation design.
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Figure 5-2 3D Drill Holes and Orebody Boundaries

Figure 5-3 Vertical Cross-sectional Profiles of Orebody Boundaries

5.5 S e d im e n t D a ta  A n a ly s is

5.3.1 Sediment Classification

The sediment type of each sample segment of drill hole was examined in the 

laboratory and recorded in original drillhole files. They were classified into 9 primary 

sediment types, and assigned to alphabetic codes. Table 5.1 outlines the criteria for 

sediment classification and code assignments.
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Table 5-1 Primary Sediment Type Classification (Howkins, 1992)

Number
Code

Text
Code

Description

1 MUD
Mud; silt and clay any mixture, may contain a trace of sand but no more than
5%.

2 SAM Sandy mud; silt/clay coating sand grains, may be cohesive.

3 SAN
Sand; clean sand may have a trace of silt/clay, not enough to coat the grains, 
no more than 5%.

4 SAG
Sand and gravel; mixture of sand and gravel, may have a trace of silt/clay in 
the water but not enough to coat the grains, friable.

5 SWD
Slightly washed diamict; silt/clay, sand and gravel. Silt/clay enough to coat 
the grains. The mixture is moderately cohesive but will crumble (forms a 

crumbly ball).

6 DIA
Diamict; silt/clay, sand and gravel. Enough silt/clay to forma cohesive matrix 

(for a firm ball).

7 CRD
Clay rich diamict; silt/clay with 10% to 20% sand and pebbles. Appears to be 
a mud with rock fragments within its matrix (sticky and cohesive).

8 WAD
Washed diamict; sand, gravel, silt and clay, silt/clay enough to coat the 
grains, but doesn’t give it cohesion (can’t form a ball).

9 BER
Bedrock; angular fresh rock chips of one rock type, associated with high blow 

counts and little penetration.

5.3.2 Facies Definition

For identifying the depositional environment, Cecilia A. Howkins (1992) defined the 

sediment facies of Nome offshore to five major facies groups—diamict, gravel, sand, 

mud and peculiar facies based on the nine primary sediment types described in Table 5.1. 

Following is a summery of the detailed definitions for five facies.

1) Diamict Facies

Diamict facies is used to describe poorly sorted sediment containing a full range of 

grain sizes. It is divided into four subgroups: Clay Rich Diamict (CRD), Diamict (DLA), 

Slightly Washed Diamict (SWD) and Washed Diamict (WAD).

DLA and SWD are commonly interpreted to be of glacial origin; CRD is often 

interpreted as being a marine mix, or marine diamict, a combination of marine mud and
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gravel from adjacent sedimentary horizons. WAD is common in the first meter of 

sediment below the ocean floor, particularly in rich diamict areas. This sediment is 

commonly believed to be a surficial deposit.

2 ) Gravel Facies

Gravel Facies is a suite of complex gravels with sand. The typical sediment type is 

Sand and Gravel (SAG). It indicates the fluvial channel, outwash plain, beach, marine 

surface lag or boulder lag, and undetermined high energy depositional environments.

3) Sand Facies

Sand Facies represented sand dominated sediment groups. Two subgroups, Sand 

(SAN) and Sandy Mud (SAM) are named. Environments of deposition suggested for the 

sand facies are two types: marine and beach, recorded environments include beach sand, 

marine surface sand, marine sand dunes, and marine sand lag.

4) Mud Facies

Mud Facies are sediments of cohesive slippery plastic material with sand in a silty, 

clay-rich mix. Sediments of Mud Facies were interpreted as being either a marine mud 

deposited in a marine environment or glacial mud deposited in ice proximal areas.

5) Peculiar Facies

Peculiar Facies here especially means Crushed Bedrock (BER), poorly sorted material 

composed of angular fragments of rock from sand to coarse gravel in size. BER was 

commonly interpreted as bedrock at a plausible elevation based on surrounding 

information.

5.3.3 Distribution of Sediments

To determine the areal and vertical distribution of sediments, layered lithology 

Thiessen polygon feature classes (Lith slice Poly) are created from layered lithology
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point feature classes (DH sliceinfo) using Arclnfo and stored into the Integrated 

Geodatabase. A series of layered sediment distribution maps is then created using 

ArcGIS at various levels below sea surface level (-8, -12,-16, -20, -24, -28m) and below 

sea floor level (-1, -4, -8, -12m).

Side-scan sonar, an acoustic back-scatter technique used for seafloor mapping, was 

used to map the distribution of sediment grain size on the ocean floor within the study 

area (Bronston, 1988). The intricate mixture of sediment of sediment has been simplified 

to produce an ocean floor geology map (Figure 3.3). Comparing the geology map with 

sediment distribution map at 1 meter below the sea floor (Figure 5.4), which was 

generated from drillhole data, the distribution of sediments is highly comparable.

The sediment architecture of the Nome offshore study area has been divided to 9 

structural elements based on glacial, marine, and fluvial origin by the staff of WestGold 

(Figure 3.6). Within each structural element the geological features can be complex, 

containing isolated mud facies, crossing horizons of beach gravels and sands, and 

dispersed diamict bodies. The complexity of the sediment facies at the local scale is in 

part due to the nature of the sampling device, and also in part due to the numerous 

cyclical environmental changes occurring at the site.

The actual boundaries of each element vary with elevation. Progressing upward 

through the stratigraphic succession, the ocean floor contact moves landward, reaching 

the area of exposure. Sediment distribution maps at -28m (Appendix B-6), -24m 

(Appendix B-5), -20m (Appendix B-4), -16m (Appendix B-3), -12m (Appendix B-2), and 

-8m (Appendix B -l) illustrate the changes in the sediment with depth.
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The Central Core, the dominant structural element offshore Nome, is composed 

primarily of diamict facies sediments, and has an asymmetrical lobate outline. It is 11km 

long parallel to shoreline extending from just east of the Nome causeway to the Penny 

River, and 3km wide in seaward orientation. It is believed to represent the southern limit 

of the Nome river glacial advance since the diamict facies are commonly interpreted as 

being of glacial origin. Within the eastern parts of Central Core, a southwest trending 

channel, 350 m wide and 1.6 km long, can be identified in the layered sediment 

distribution maps. From sea level -16 m to -24m, a narrow “V” shaped cut in the diamict, 

filled with sand, marks the channel base. Six gold orebodies were defined in the Central 

Core zone, i.e. Redl, Pinkl, Halibl, Halib2, Halib3 and King 1. Orebodies are between 

-17m to -39m. The average thickness is about 6 to 8m and average grade 400 mg/m3 to 

600 mg/m3. Redl is the biggest orebody in the Nome offshore, with a 9500 kg reserve.

The seaward margin of the Central Core is ringed with Marine Fringe, a zone of 

washed sediment composed of gravel and sand facies. The fringe of loose material marks 

the interface between the glacial diamict facies and the marine environment.

Seward of the Marine Fringe Zone, a 1 km wide mud rich zone with sand, sandy mud 

and gravel was encountered, called Fore Trough. Gold content in this mud rich zone is 

believed to be low, but the drill coverage is very sparse and the geology is not well 

defined.

Seaward of the Fore Trough is a low relief ridge, composed of sediments from mud, 

gravel, sand, and diamict facies. This ridge, termed Thrust Zone, is 9 km long and 1 km 

wide and trends roughly east to west, sub-parallel to the outer margin of the Central Core. 

Following a similar pattern to that observed in fringe sediments, unconsolidated clastic 

sediments in the Thrust Zone become increasingly coarse from the southeast to the 

northwest. Thrust Zone is believed to have been formed by the displacement of mud 

from the trough area during the glacial advance. Six gold orebodies were named in this 

zone, i.e. Humpy 1, Humpy 2, Humpy 3, Cohol, Coho2 and Coho3. Orebodies are
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between -lm  to -32m from sea level, and have higher thickness and higher average grade. 

The average thickness is about 8 to 12m. Coho2 has the highest average grade (1280 

mg/m3) in the entire study area.

Within the Central Core, parallel to the present shoreline, and 200m to 400m seaward, 

is a trough 400m to 700m in width, termed the Back Trough (Appendix B-2 to B-6). It is 

a zone of less diamict, filled with sediments of the sand and gravel facies and minor 

amounts of mud and lower gold concentration. It forms an un-mineralization zone 

between Pinkl and Redl, Halibl and Kingl.

In the far west of the study area, in a zone that is 1.5 km wide seaward and 5 km long 

parallel to the shoreline, is a gravel dominated region, interspersed with pockets of mud 

and diamict inclusions. This region is simply called West Flank; its west end, west 

coastal area and seaward margin are not clearly defined by drilling. Ten small orebodies 

are defined in this zone, i.e. Oal, Oa2, Oa3, Oa4, Tomcl, Tomc2, Tomc3, Tomc4, 

Tomc5 and Silverl. The average thicknesses of these orebodies are relatively small, from 

1 to 6m. The depths of the orebodies are from -1 to -20m. Bedrock is encountered at 

-16m at the far western edge of the lease block.

Between the Central Core and West Flank is the Transition Zone, which is marked by 

the transtition from the diamict to gravel dominated coarse clastic sediments. It is an 

extensive area of mature gravel and sand interbedded with mud, 3.5 km long and 

extending 2 km offshore. The sediments in this area are dominated by beach sands, beach 

gravels and marine mud. Three orebodies are defined in this zone. They are Silver2, 

Silver3, and Silver4. The average thicknesses are 6 to 8 m. Siver3 and Silver4 are small 

orebodies with low average grades (220mg/m3 and 280mg/m3 respectively).

East of the Central Core, in front of the city of Nome, is a typical shallow marine 

deposition zone termed the East Flank. Bedrock is encountered at -22m below sea level, 

and extends 400m seaward from the shoreline. Mud, beach gravel and sands extend 

seaward from bedrock. Close to the shoreline, at -6m below sea level, bedrock is
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encountered at the base of drillholes. Two gold orebodies are defined based on the 200 

mg/m3 cutoff grade, i.e., Ocl and Oc2, which are 6.7 m and 4.3 m thick, with 430 and 

410 mg/m3 average grades, respectively. The depths and grades of mineralization within 

drill holes in this zone fluctuate.

5 .4  S p a t ia l  G o ld  D is tr ib u tio n  A n a ly s is

5.4.1 Gold Distribution with Sediment Type

The statistics of gold content vs. sediment types are estimated based on the entire 

sample logs of boreholes stored in the Integrated Geodatabase (Table 5.2). The 

proportions of gold mineralization of each sediment type vary from 5% to 70% (Figure 

5.5). Over 70% of samples of bedrock are mineralized. The high percentage 

mineralization of bedrock is in part due to the fact that the sample locations are at the 

interface of bedrock and diamict, where the particulates of gold have a higher chance to 

deposit right during transport. For other eight sediment types besides bedrock, from finer 

sediments (MUD, SAN) to coarser sediments (DLA, WAD), the percentages of 

mineralization decreases from 37.5% to 5%. This indicates that ocean invasion and the 

erosion of gold-bearing glacial debris are one reason for gold dissemination.
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Table 5-2 Gold Average Contents vs. Sediment Type

Sedcode
Count of 
samples

Count of 
mineralization

Proportion of 
mineralization

Sum of 
GradexThickness

Sum of 
length (m)

Average
contents
(mg/m3)

MUD 3506 1316 37.54% 526113.65 4390.88 119.82

SAM 1640 352 21.46% 224787.35 1621.70 138.61

SAN 2730 691 25.31% 510557.08 3313.81 154.07

SAG 8625 1338 15.51% 2928193.45 9473.85 309.08

CRD 439 53 12.07% 106355.70 434.10 245.00

DIA 2652 451 17.01% 651610.93 2960.32 220.12

SWD 2207 114 5.17% 604576.60 2183.20 276.92

WAD 3871 280 7.23% 884614.39 3867.49 228.73

BER 500 352 70.40% 46333.38 212.70 217.83

Total statistics Number of Segments: 31589

MUD Mud, silt and clay; sand < 5% DIA: Diamict; silt/clay, sand and gravel

SAM Sandy mud; silt/clay coating sand CRD: Clay rich diamict. Clay/silt > 80%

SAN Sand; silt/clay < 5 % WAD: Washed diamict

SAG Sand and gravel BER: Bedrock; fresh rock chips.

SWD Slightly washed diamict

The average gold contents of each sediment type are calculated with non-mineralized 

samples included. The results can be divided to two groups: The coarser grain sediments, 

i.e. SAG, CRD, DIA, SWD, WAD, have higher gold contents ranging from 220 to 309 

mg/m3, and the finer grain sediments, i.e. MUD, SAM and SAN, have lower gold 

contents ranging from 119 to 154 mg/m3 (Figure 5.6). The higher average gold content in 

diamict facies and gravel facies indicates that glacial sediments are origin of the gold.

Gravel facies, composed of SAG, which is the indicator of fluvial channel including 

outwash plains, beach, marine surface lag, and other high energy sedimentary 

environments, logically have the highest average gold content (309mg/m3), and also have 

a relatively higher proportion of mineralization (15.5% ) among the coarse sediment 

group. Gravel facies sediments account for approximately 44%  of the total gold reserve 

in the sediment.



P e r c e n ta g e  o f M in eralization  v s .  S e d im e n t T y p e

SedimentType

Figure 5-5 Percentage of Mineralization at Various Sediment Types

Figure 5-6 Gold Average Contents at Various Sediment Types
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5.4.2 Areal Gold Distribution

Based on gold grade attributes in the layered orebody feature class (GeoDH_sliceinfo) 

stored in the Integrated Geodatabase and using the interpolation tool in ArcGIS 

Geostatistics Analyst extension, a series of layered gold distribution maps (raster and 

contour) at various sea levels (-8, -12, -16, -20, -24, -28 , -42) (See Appendix A-8 to 

A-13) and sea floor levels (-2, -4, -6, -8, -10 ,-12 , -14)(See Appendix A-l to A-7) are 

generated; a series of gold distribution maps at various cutoff grades (200, 400, 600, 800, 

1000, 1200mg/m3) are generated based on the Inverse Distance Weighted (IDW) 

interpolation method (See Appendix A-14 to A-19).

The offshore area of anomalous gold mineralization is oriented parallel to the coast 

over an east-west distance of about 25km. Gold mineralization occurs at each block 

throughout the study area at the 200mg/m3 cutoff grade (Figure 5.7). Based on the gold 

spatial distribution, 27 orebodies are named in the study area (Figure 5.8, Table 5.3) at 

the 200mg/m3 cutoff grade. Six orebodies exceed 3 tons of gold reserve, i.e. Redl, Kingl, 

Silver2, Humpy2, Tomc2 and Cohol, comprising over 70% of the total reserve.

With an increased cutoff grade, the areas of anomalous gold mineralization shrink 

sharply. At the 600mg/m3 cutoff grade and above, only 4 specific zones are particularly 

anomalous, i.e. Redl, Kingl, Tomc2 and Cohol (See Appendix A-16 to A-19).

5.4.3 Vertical Distribution of the Gold Mineralization

The vertical distribution features of gold are estimated based on two datums— 

elevation below sea level and depth below the sediment surface. The reserves are 

calculated at different levels below the sea floor (-1, -2, -4, -6, -8, -10, -12, -14m) and 

below the sea surface (-18, -20, -22, -24, -26, -28, -30, -42m). The most realistic 

statistical analysis is obtained from sediment and gold data that are analyzed based on 

their depth below the ocean floor. In contrast to the horizontal distribution of 

mineralization, the elevation referenced mineralization studies are relatively accurate.
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Table 5-3 Orebodies Statistics at 200 mg/m3 Cutoff Grade, Nome Offshore

Orebody

Name

Area

(m2)

Average 

Thickness (m)

Total

Volume
(m3)

Average

Grade

IS/™3)

Reserve

(Kg)

Oa2 215.000 1.85 398.557 0.71765 286.02

Oal 212,600 1.67 354,149 0.45596 161.48

Oa3 497,700 1.03 510,899 0.63054 322.14

Oa4 151,300 3.42 517,032 0.72635 375.54

Tomcl 47,100 2.93 137,791 0.23262 32.05

Tomc3 594,000 6.36 3,780,717 0.41006 1,550.31

Tomc2 1,130,900 6.54 7,393,133 0.46506 3,438.28

Silver3 40,900 7.30 298,650 0.22809 68.12

Redl 2,158,900 8.62 18,603,067 0.61953 11,525.18

Silver4 115,400 9.55 1,102,220 0.28142 310.18

Silver 1 152,700 10.56 1,612,887 0.90153 1,454.07

Tomc4 29,700 4.22 125,404 0.23786 29.83

Silver2 1,384,700 8.51 11,778,709 0.55555 6,543.67

Tomc5 113,300 5.43 615,269 0.59053 363.34

Pinkl 681,464 8.93 6,084,785 0.42984 2,615.48

Ocl 644,300 6.69 4,312,262 0.43827 1,889.93

Halibl 750,100 8.88 6,658,539 0.40110 2,670.74

Oc2 675,000 4.26 2,875,158 0.40755 1,171.78

Halib2 755,200 8.71 6,577,598 0.40819 2,684.89

Kingl 2,010,440 8.10 16,282,548 0.49090 7,993.09

Halib3 258,800 10.51 2,719,545 0.43732 1,189.32

Humpy 1 209,100 12.08 2,526,334 0.38149 963.78

Humpy2 542,400 11.22 6,084,723 0.66432 4,042.21

Coho3 135,100 8.58 1,158,941 0.50597 586.39

Coho2 113,300 10.13 1,148,264 1.27994 1,469.71

Humpy3 294,600 12.98 3,822,692 0.44589 1,704.50

Cohol 423,500 8.23 3,485,146 0.97270 3,390.01

Total 18.060.600 4.86 87737850.37 0.554 48.606.76
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Figure 5-7 Gold Distribution at 200mg/m3 Cutoff Grade



Figure 5-8 Gold Orebodies Distribution Map (Cutoff grade: 200mg/m3)
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Table 5.4 and Figure 5.9 present the proportion of the total gold reserve within the 

deposit below the sea floor with 1-2 meter intervals. The top 1-meter contains 29.23% of 

the gold reserve and the top 2-meter contains 38.93%. The gold above the level of 14 

meters below the sea floor is 91.82% of the total gold reserve. Gold content gradually 

decreases with greater depth.

Table 5-4 Gold Reserve vs. Depth below Sea Floor

Below sea 
floor

M ean of 
G *H

Area (m 2)
Reserve of 
all layers 

above (kg)

Reserve of the 
layer (kg)

Percentage 
of all layers 

above

Percentage 
of the layer

0-1 519.41 40429800.00 20999.84 20999.84 29.23% 29.23%

1-2 691.69 40429800.00 27965.18 6965.34 38.93% 9.70%

2-4 901.37 40429800.00 36442.30 8477.12 50.73% 11.80%

4-6 1086.20 40429800.00 43915.01 7472.70 61.13% 10.40%

6-8 1291.31 40429800.00 52207.74 8292.74 72.67% 11.54%

8-10 1442.17 40429800.00 58306.77 6099.02 81.16% 8.49%

10-12 1542.67 40429800.00 62369.89 4063.13 86.82% 5.66%

12-14 1631.51 40429800.00 65961.62 3591.73 91.82% 5.00%

>14 1776.90 40429800.00 71839.79 5878.17 100.00% 8.18%

Total 71839.79 100.00%

Gold Reserve vs. Depth of Below the Sea Floor

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00%

Percentage of the Gold Reserve

Figure 5-9 The Vertical Distribution of Gold below the Sea Floor
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Table 5.5 and Figure 5.10 demonstrate the proportion of the total gold reserve within 

the deposit at 2 meter intervals below the sea level, starting at 18m below sea level. 

64.41% of the gold is above 18-meters below the sea level and 94.13%  of the gold is 

above 24 meters below the sea level.

Table 5-5 Total Gold Tonnages vs. Depth below Sea Level

Below sea 
Level

Mean of 
G *H Area

Reserve of 
above (K g)

Reserve of 
layers(Kg)

Percentage of 
above

Percentage of 
Layers

0 - 1 8 1144.4799 40429800 46271.09 46271.09 64.41% 64.41%

1 8 - 2 0 1390.3278 40429800 56210.67 9939.58 78.24% 13.84%

2 0 - 2 2 1547.4444 40429800 62562.87 6352.19 87.09% 8.84%

2 2 - 2 4 1672.554 40429800 67621.02 5058.16 94.13% 7.04%

2 4 - 2 6 1698.6036 40429800 68674.20 1053.18 95.59% 1.47%

2 6 - 2 8 1758.3222 40429800 71088.61 2414.41 98.95% 3.36%

2 8 - 3 0 1774.0755 40429800 71725.52 636.90 99.84% 0.89%

3 0 - 4 2 1776.902 40429800 71839.79 114.27 100.00% 0.16%

Sum 71839.79 100.00%

Figure 5-10 The Vertical Distribution of Gold below Sea Level
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In the top 2 meter below the seafloor, gold mineralization occurs at each of 12 blocks 

throughout the entire region at the 200mg/m3 cutoff grade (Figure 5.11) except for the 

Other A and Other C blocks. At increased depth, the anomalous gold mineralization 

becomes spatially unstable, and the areas of gold anomaly shrink quickly. At 4 meters 

below the seafloor, for example, it dwindled to six main mineralization regions, i.e. Redl, 

Kingl, Silver2, Humpy2, Tomc2 and Cohol(See Appendix A-l to A-7).

The spatial features of orebodies are dominated by sediment structure elements, which 

are controlled by bedrock geology, glacier movements and ocean waves. The varying 

thicknesses of orebodies are revealed in orebody boundary profile graphs, which are 

generated in ArcGIS 3D Analyst based on drill hole data. The profiles parallel to the 

shoreline (Figure 5.12) show that the upper boundaries of the orebodies are almost the 

same as the seabed. The upper boundaries are continuous and smooth in the West Flank 

and Central Core (Figure 3.6), and fluctuant in the East Flank. Although the lower 

boundary varies significantly, it can be seen that the depth in the Central Core is higher 

than in the West and East Flanks. The depths of the lower boundary are 3 to 5 m below 

the seabed in West Flank; 4 to 6 m in East Flank; and 8 to 11 m in Central Core. At 5000 

meters from the western edge, which is in the TomcC (Figure 5.12) and the Transition 

Zone, there is a high anomalous thickness ranging from 7 to 15 m. This may indicate the 

existence of a possible buried fluvial channel.



Figure 5-11 Gold Distribution Contour Map at the Level 2m below Sea Floor
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Figure 5-12 Profile of Orebody Boundaries Parallel to the Shoreline

Perpendicular to the shoreline, the spatial features of the orebody are relatively stable. 

The upper and lower boundaries are approximately parallel to the seabed (Figure 5.13)

Figure 5-13 Profile of Orebody Boundaries Perpendicular to the Shoreline

The highest grades generally occur in the upper 1 m of the sediments, especially in the 

top 300 to 500 mm, and at the basal interface with the coarsest gravels (Garnett, 2000).
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5.5 M o d e l A n a ly s is  o f  F o rm a tio n  o f  M a r in e  G o ld  P la c e r s

Onshore 3D topography (hillshade grid layer) is generated from the DEM grid layer in 

ArcMap, and then overlaid with glacier deposit, gold mineralization zone, and onshore 

geological structure (Figure 5.14). In this map it can be inferred that the main sources of 

Nome offshore gold placers are from the Snake River gold mineralization points along 

major fault zones.

Similar to most of the placer deposits, there are five requirements for the formation of 

the placer gold of Nome offshore: original source, weathering, transport, concentration 

and preservation (Howkins, 1992).

Figure 5-14 Glacial Deposit Distribution Map

Metasediments of Cambrian to Ordovician age were the original bedrock of the Nome 

region (Richard H.T. Garnett, 2000). Weathering of the complex suite of 

metasedimentary and volcanic source rock, primarily along major fault zones, liberated
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particulate gold. This gold was first concentrated by fluvial action into anomalously rich, 

placer deposits.

Nome River glaciation of Middle Pleistocene age restarted the placer forming cycle. 

Debris from the local fluvial system was incorporated into the piedmont ice lobes and 

transported offshore as indicated by the arrow in Figure 5.15. The morphology of the 

Pliocene bedrock effected some control on the ice flow. The ice advance was southward 

and appears to have been halted by the horst and graben complex located 4.5 km offshore 

(Howkins, 1992). The mineralized sediment contained within the ice was deposited 

forming the massive, internally complex diamict unit termed the Central Core (Figure 

5.15). Sediments of the Central Core became the gold source offshore ofNome.

Then the processes of repeated cycles of subareal and submarine erosion and 

deposition extended the sediments of the Central Core to the conglomerate fringe. Theses 

processes also liberated gold, which was concentrated during the late Pleistocene to 

present, forming local areas of anomalous gold concentration.

Figure 5-15 Schematic Diagram of the Glacial Movement ofNome, Alaska
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Gold contained within the submarine placer is the result of the transport of onshore 

primary placer concentrations subsequently deposited in the diamict unit. The diamict has 

experienced repeated cycles of aerial and submarine erosion and sedimentation, which 

have weathered, transported, and reconcentrated the particulate gold (Howkins, 1992).

5. 6  R e s o u rc e  E s tim a tio n

Resource estimation is an important component of the mineral resource management 

system. All ore reserve calculation problems must deal with estimating two inter-related 

items: the grade and the associated volume. This grade can be the economic cut-off grade 

or the average grade within a pre-specified volume. The volume of ore can be estimated 

based on orebody boundary. For performing user-oriented resource estimation, the pre

calculated average grades are stored in the 2.5D Geodatabase

5.6.1 Reserve Calculation

1) Determining Orebody Thicknesses and Average Gold Grades for a Single 

Borehole

The calculations of average gold grades for each single borehole based on various 

criteria are a crucial task in this study. Since orebody boundaries are different at various 

specified planes and cutoff grades, their associated thickness and average grade also are 

different. The specified planes in this study are either parallel to the sea level (-18, -20, 

-22, -24, -26, -28, -30, -42 m) or to the sea floor (-1, -2, -4, -6, -8, -10, -12, -14, -27 m). 

The calculations are performed repetitively in MS Access using SQL language, based on 

segment records stored in the borehole segment information table (DH segmentinfo) in 

the Integrated Geodatabase. The calculated average grades and thickness at various layers 

form the layered orebody information table (DH sliceinfo), as shown in Figure 4.5, and a 

partial listing of the field attributes is given in Table 4.4.

2) 2.5D Geodatabase
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For storing the layered orebody grades and thicknesses, one regularized geodatabase 

point layer (Ore all) is created in 2.5D Geodatabase, which was addressed in Chapter 

4.4. In this layer, the entire area is divided into lOmxlOm grids, and each point feature

object in the center of the grid in the geodatabase represents this grid and all of the grades

• 2
and thickness are stored in this point object. There are approximately 40.4319 km the 

entire study area; therefore, the Regularized 2.5D Geodatabase contains 404319 spatial 

point records, each representing one 1 Ox 10m-grid cell.

3) Determining Vertical Thickness for Each Regularized Cell

The attribute data in GeoDH sliceinfo layer is applied to build surface models. For 

determining the orebody thicknesses of each regularized cell for each reference plane, 

two orebody boundary surface models are generated based on the levels of the orebody’s 

beginning depth and the ending depth, respectively. The orebody boundary surfaces are 

interpolated using the Natural Neighbor method, which is embedded in ArcGIS 3D 

analyst.

Step 1:

Two orebody boundary surfaces are generated using the Natural Neighbor 

interpolating method. The cell size can be chosen in the NN operation window.

Step 2:

The interpolation maps are then converted to Grid file with 10x 10 m cell sizes in 

ArcMap using the “Save as” command.

Step 3:

The grid files are converted to Arclnfo Point Coverage format using Conversion Tool 

in ArcToolbox. The Arclnfo Coverage file is the only format that can be converted to a 

point feature layer from the Grid file.
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Step 4:

Open this Coverage file in ArcMap and export to Personal Geodatabase file into 2.5D 

Geodatabase.

Step 5:

Open these two boundary layers and O reall table in ArcMap, and join each cell of 

orebody boundary layer to the Ore all layer using spatial location information; then 

transfer all of the boundary depth values to the Ore all layer.

Step 6:

The thickness of orebody for each cell can be calculated by subtracting the upper 

boundary value from the lower boundary value.

4) Interpolating the Gold Content for each Regularized Cell

For determining the most reasonable interpolation method, five interpolation methods 

are investigated and compared, which are addressed in Chapter 6. Inverse Distance 

Weighted (IDW) is determined to interpolate the gold grade in this study. Except for the 

IDW, interpolation for each reference plane is performed using the ArcGIS Geostatistics 

Analyst. The processing procedures are the same as above from Step 2 to Step 5 in 

thickness determination.

5) Reserve Estimation in ArcMap

After the thickness (T) and average grade (G) for each cell are interpolated, one new 

column (G_ T) can be created to store G  ( x  7\  . For any selected polygon area,

X (G ,x 7 ; )a n d £ 7 ;  can be obtained by using the “statistics” tool in ArcMap

The reserve of a polygon area can be estimated based on the following equation:
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R = YJ(Gix 7;.) X 10x10

where: Gj is grade value of each cell above cutoff grade.

Tj is thickness of each cell.

The average grade of a polygon area can be calculated as:

G „  = J j r Z ( G , x r , )

Table 5.6 gives total reserve estimations at different cutoff grades. Both the actual and 

normalized gold values are used for display. The reason for using the normalized values 

is because even though it is a major goal of this project to display information on the 

Web, these data are confidential. Access to the actual data on the project’s web page is 

possible, however, with authorization from the owner. Depending on the cutoff grade, 

the total amount of gold reserve ranges from 113,767oz (with a cutoff grade of 1000 mg) 

to 2,309,664 oz (with a cutoff grade of 0 mg).

Table 5-6 Reserve Estimations at Different Cutoff Grades

Cut-off
Grade(mg/

m5)

Orebody 
Area (m 2)

Average
Thickness

(m )

Average 
Grade (mg/ 

m3)
Ore Volume (m 3) Reserve(Kg) Reserve(Oz)

0 40429800 7.63 0.233 308325289.61 71839.79 2309664.11

200 18060600 4.86 0.554 87737850.37 48606.77 1562717.63

500 2438900 5.28 1.047 12886387.74 13492.05 433772.12

800 740400 5.33 1.441 3948948.83 5690.44 182948.66

1000 404600 4.53 1.929 1834422.00 3538.60 113766.72
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5.6.2 User-Oriented Reserve Query

A customized Reserve Estimation system is created around the project using Visual 

Basic for Applications (VBA). VBA is the customization environment that comes with 

ArcGIS. Many different programming languages can be used to expand the ArcGIS 

functionality. Visual Basic and Visual C++ are the two programming languages used in 

the Nome Project. Figure 5.16 shows the steps and techniques used in the customization 

procedure. With customization, the resource estimation can be done by users without GIS 

knowledge. Here are the procedures:

1) Press the Estimation button

2) Select the polygon area of interested

3) Type in query parameters in Estimation dialog box

4) Show the estimation table that includes all of the information

Figure 5-16 The Procedure of Building a Customized Reserve Estimation Tool

This procedure allows the user to query the reserve estimation information at any 

portion of the study area with a defined cutoff grade and defined reference plane. Figure 

5.17 shows reserve estimation window in ArcGIS.

Advanced Query 

Advanced Statistics 

Advanced Analysis

V BA , VC 

Map Object 

ArcObject
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Figure 5-17 Reserve Estimation Interface in ArcGIS

5.7 G IS -b a s e d  W ebsite f o r  D a ta  M a n a g e m e n t  a n d  D e liv ery

5.7.1 Layout of the Website

The website (h ttn ://u af-d b .u af.ed u /w e b site ) is designed to provide users with easy 

access to Nome offshore gold exploration and resource information. To achieve this goal, 

an interactive mapping application was created that allows users to search for gold 

exploration areas, borehole distribution, gold concentration, and approximate gold 

reserve at districts of the user interested, and to bring up maps, tables, and query 

information about the offshore goldmine.

Clients can enter the Nome Mineral Resource website to search for the above- 

mentioned information by map layers. They can freely navigate whole map layers, get 

results for the active map layer, and obtain the querying or searching results using the 

ArcIMS tools on the ArcIMS WebPages. The homepages of the Website and ArcIMS 

Viewers are shown in Figure 5-18 and Figure 5-19.
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Figure 5-18 The Homepage of Nome Mineral Resource Website

5.7.2 Web Site Information on Nome Offshore Gold Resources 

The following mineral resource information is available on the website:

1) Publications and related information about mining and mineral resources in 

Nome, Alaska.

2) The offshore area gold exploration information including exploration districts, 

borehole logs, samples and geological profiles.

3) Mineral resource prediction results using geostatistical methods including 

average gold grades, average gold reserve, cut-off gold reserve, and gold 

concentration contours for each plane section at certain depths.
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Figure 5-19 ArcIMS HTML Viewer of Nome Mineral Resource Website

4) Map layers can be saved as images or printed or the pages can be added to 

your “Favorites” list for future access.

5) Display attribute table about any selected feature.

6) Show and label a map layer’s features.

7) Authorized persons can get detailed information about gold mineral resources 

estimation.

5.7.3 Related Linkage from the Website

The website posted some documents and published papers for user reference about 

Nome mineral resource exploration and utilization. The website will be linked with the 

mineral resources website of the State of Alaska. Users can easily access the useful 

literature. The information from the website allows government agencies, mining
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industry firms and the interested public to more easily get in-depth understanding about 

the Nome mineral resources.

Web GIS has a promising future for sharing information, data, and technology. 

ArcIMS is a GIS solution that allows users to centrally build and deliver maps, data, and 

tools over the Internet.

The Web site developed in this study provides government agencies, miners, mining 

engineers and the public with a vast amount of information about Nome offshore mineral 

resources. Government agencies and mining companies may apply this information to 

make efficient and effective use of their time, with respect to mineral resource estimation 

and decision making for future gold mining.

The Alaskan gold resource is one of the richest found in United States. It stretches 

across the State of Alaska, and includes a variety of gold mines and gold mineral reserve 

areas. Extensive mineral resource mapping and information analysis for the entire State 

of Alaska is needed The GIS modeling associated with Web GIS applications will 

greatly assist the exploration, management and development of this rich resource. The 

potential is enormous for using GIS modeling with Web GIS applications for more 

extensive and more in-depth study of Alaska gold and other mineral resources. The 

applications of these tools will provide highly efficient mineral resource management.
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Chapter 6 Comparative Analysis of Interpolation Methods of Gold Grade

Many factors affect the distribution of ore grade in the complicated geological 

mineralizing process. In mineral exploration activities, it is important to decide in what 

detail the factors must be known, so that a proper mathematical model can be selected for 

the reserve estimation. The reliability of ore reserve estimation increases progressively as 

information becomes incrementally available.

Several interpolating methods have been developed in practice. Each of them requires 

the assumptions of spatial variation. However, most of the influencing factors are 

unknown. In most cases, it is assumed that the ore grade is a function of distance (such as 

IDW); in some models, the nugget factor is taken into account (such as the Kriging 

estimator). Other factors including geological structure, glacier movement, deposition 

environment, type of deposit and degree of mineralization, however, are difficult to be 

integrated into a reserve estimation model.

To investigate the best method for the study area, considering the influence of varying 

depositional environments inside the area on spatial statistics, the study area was divided 

into eight regions based on previous permit partitions for exploration (Table 6.4). Each of 

them has roughly the same deposit environment. The Herring block was chosen as a test 

area, and includes 449 drillholes in its dataset. In the following discussion, after 

analyzing the statistical features of the dataset, several commonly used interpolating 

methods for reserve estimation are discussed, followed by the comparative analysis.

6 .1  I n i t i a l  D a ta  E x p lo ra tio n

An Integrated Geodatabase, which consists of attribute data and spatial information of 

drill holes, is compiled using ArcGIS (Chapter 3). Several statistical features of the 

dataset, which affect the choice of technique for spatial interpolation, are revealed in the 

processing of initial exploration data.
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1) Markedly skewed

The histogram and statistical summary of 449 average gold grades are shown in Figure 

6-1. As can be seen, the high positive skewness (3.37) indicates that most of the values 

are in the low range and only a few extreme values exist on the high side.

Frequency *10 £ 
1 .4  r

Count : 443 Skewness 3.3708
Min : 0 Kurtosis 18.387
Max : 3854 6 1-st Quartile 87.97
Mean : 354.43 Median 199.33
Std. Dev. : 465.78 3-rd Quartile 410.82

l l I I I I— I— I

T ip: Click or drag over bars to select Add to Layout

Bars: j 3 5  [ r ]  Statistics

/  T ransformation

T ransformation: j None

/  Data Source 
Layer:

jHer_slicesinfo H  | Ave_MGCM

Figure 6-1 Histogram Chart of Dataset of Herring Block

2) Lognormality of the Data

The data have an approximately lognormal distribution (Figure 6.1). Ordinary Knging 

and Simple Kriging with lognormal transformation or normal score transformation were 

first considered to be applied to this data set. However, since the Ordinary Kriging (OK) 

is quite robust, it was possible to apply OK without any transformation.

3) Anisotropy of the Spatial Continuity

An initial simple structural analysis using ArcGIS Geostatistical Analyst revealed the 

directions of maximum and minimum variation (geometric anisotropy) to be 68° and 

158°, approximately (Figure 6.2). One possible reason for this orientation may be the
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mechanism in the formation of the gold concentration, which has a strong relationship 

with the direction of the Snake River and the direction of the coastline. It is necessary to 

take this anisotropy into consideration when applying a spatial interpolation method.

N eighbors to I nclude: [B

P Include at Least: [2

Shape Type: Q |  0 ] [

P  Shape

Angle:

Map Semiaxis: 

Minor Semiaxis: 

Anisotropy Factor:

T est Location

l * T |
|711.2

1233.26 

3.049

X: |178512.2 

Neighbors 20

Y: |TT

Figure 6-2 Anisotropy of the Population, Herring Block

4) Weak Correlation between Gold Concentration and the Depth

A number of attempts were made applying regression techniques such as the simple 

regression and the Co-Kriging methods to investigate the correlations between the gold 

grade and the orebody depth from the sea floor and from the sea level. No significant 

correlations, however, were found.

5) Thiessen Polygons

The Thiessen polygons file was generated from drill hole data using Arclnfo to 

investigate the pattern of gold distribution and calculate the reserve using the Thiessen 

polygon method (Figure 6.3). The analysis indicates that although the drill holes in 

Herring block are relatively evenly distributed, the gold grades fluctuate significantly in 

the plane view.
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Legend
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m  0.010000 
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200.000001 > 400.000000

400.000001  - 600.000000

600.000001 -  800.000000 

800.000001 -  1000.000000 

1000.000001 - 2000.000000

■  2000.000001  - 3854.609856

Figure 6-3 Thiessen Polygon of Drill Hole Grade Distribution

6) Extreme Values

How to deal with extreme values in performing resource estimation is a frequently 

encountered practical issue, especially in the case of a placer gold deposit. The variogram 

is sensitive to strong positive skewness, because a few exceptionally high values 

contribute to significant squared difference. Three methods have been employed to deal 

with this issue:

a) Remove the extreme values, and replace with the average or upper limit 

value
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This approach is based on certain probabilistic criteria and empirical geological 

judgment. It is not desirable to remove extreme values when the data carry valuable 

structural information.

b) Transform the data by taking the logarithm or by using other smoothing 

functions

c) Apply Indicator Kriging

Indicator Kriging provides an alternative approach to modeling the spatial distribution 

of positively skewed populations and has the potential to overcome the limitations with 

other modeling techniques.

The approach of Indicator Kriging is to divide the dataset into two or more datasets 

based on predetermined threshold values, and to quantify the probability that the value at 

an unknown location is greater or less than a threshold level; after interpolating each 

dataset respectively, calculate the final prediction value at the unknown location by 

integrating the predicted value of each dataset with it probability.

6 .2  In te r p o la t io n  A p p ro a c h e s

Five interpolation methods, i.e. Inverse Distance Weighted (IDW), Ordinary Kriging 

(OK), Ordinary Kriging with lognormal transformation (Ok-log), Simple Kriging (SK) 

and Indicate Kriging (IK), were carried out in this study using ArcGIS Geostatistical 

Analyst (ESRI) software.

6.2.1 Inverse Distance Weighted

Inverse Distance Weighted (IDW) is a simple technique to perform interpolation of 

scattered spatial data. A neighborhood about the interpolated point is identified and a 

weighted average is taken of the observed values within this neighborhood. The weights 

are a decreasing function of the distance.
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The interpolating function is constructed as a linear combination of the observed 

values v(. at point x multiplied with weight functions wt (Fisher, et al, 1987):

f ( x )  =  Y J Viwi ( x )  (5-1)
i= l

The weight functions wt (J =  1,2..., w) are constructed by normalizing each inverse 

distance:

* > , ( * ) = d ; H x )/ .  <5-2>

/  7=1

Where d , ( x )  is the Euclidean distance from point x to node xi5 and is the 

exponential power of weight.

Each weight function w(. is inversely proportional to the distance from the point 

where the value v; is prescribed. The sum of the proportional factors w ^ i  =  1,2...,«) 

should satisfy:

X w.w=1 (5-3)
1=1

Figure (6.4) shows the ore grade prediction map of the Herring block estimated 

through the IDW method with an influence neighborhood radius of 600 m and an inverse 

power of 2.
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Figure 6-4 Herring Block Grade Prediction Map (by IDW)

6.2.2 Kriging Methods

The possible redundancy between samples depends not simply on the distance but also 

on the spatial continuity. Kriging methods, which use a customized statistical distance 

rather than a geometric distance to de-cluster the available sample data, are linear 

estimations that develop optimal weights to be applied to each sample in the vicinity of 

the block being estimated. They are based on the best linear unbiased estimation, which 

tries to have the mean error equal to zero, and aims at minimizing the variance of the 

errors. They depend on the statistical model employed and the following mathematical 

formula (ESRI, 2002):

Z(s) = p(s) +e(s)
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where Z(s) is the value of interest, p(s) is the deterministic trend and s(s) is auto 

correlated errors.

The variable s indicates the location, which is the spatial coordinates in ArcGIS. Based 

on different assumptions of the error term, e ( s ) ,  there are several different Kriging 

methods, such as Ordinary Kriging, Simple Kriging, Universal Kriging, Indicator 

Kriging, Cokriging and others. All of them are available in ArcGIS Geostatistical 

Analyst extension.

6.2.2.1 Ordinary Kriging 

Ordinary Kriging assumes the model (ESRI, 2002):

Z(s) = fi(s) + e(s)

Herring Block Grade Prediction Map (by OK, >200mg/m3)

Figure 6-5 Herring Block Grade Prediction Map (by OK)
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where ju (s )  is an unknown constant.

This method is usually used for data that seem to have an unknown trend.

For Ordinary Kriging, a search radius of 500 m, lag size of 60m, lag number of 12, 

and auto anisotropy calculation are used with a minimum of four and a maximum of 25 

observations. The exponential model is selected for estimation. Figure 6.5 shows the 

result of the interpolation.

Lognormal transformation is performed before starting Ordinary Kriging. All the 

parameters are the same as for the previous Ordinary Kriging. Automate anisotropy 

calculation, search radius of 500 m, lag size of 60, and lag number of 12 are used, with a 

minimum of four and a maximum of 25 observations, and the exponential model is also 

used for estimation. The prediction map is shown in Figure 6.6.

Legend

Ordinary Kriging_4 
Prediction Map

[Her_sllceslnfo].[Ave_MGCM] 

Riled Contours
0.010000 - 52.350037 

52.350037 - 84.887405

84.887405-137.227432 

137.227432-221.422302 

221.422302 - 356.859283 

356,859283 - 574.724976 

574.724976-925.186646 

925.186646- 1488.943970 

1488.943970 - 2395.811035 

2395.811035-3854.609863

Prodiction Map of ordinary Kriging (log transformation)

Figure 6-6 Herring Block Grade Prediction Map (by OK with log transformation)
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6.2.2.2 Simple Kriging 

Ordinary Kriging assumes the model (ESRI, 2002):

Z (s) = /u (s ) + e ( s )  

where ju (s )  is an known, deterministic mean value.

Search radius of 500 m, lag size of 60 and lag number of 12 are used with a minimum 

of four and a maximum of 25 observations. Auto anisotropy calculation and the 

exponential model are chosen for estimation. The prediction map is shown in Figure 6.7.

Figure 6-7 Herring Block Grade Prediction Map (by SK)

6.2.2.3 Indicator Kriging 

1) Threshold Selection
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The 3rd quartile value of the gold grade range is selected as the threshold value. 

Frequency and cumulative plot of gold average grade data of the Herring block are shown 

in Figure 6.8. The 3rd quartile value is 410.82. In this study, this value of 410.82 mg/m3 

is chosen as the threshold level.

Figure 6-8 Gold Concentration -  Frequency and Cumulative Plot

2) Indicator Kriging (<410.82)

With the 410.82 as the threshold level, the Indicator Kriging modeling is carried out 

with a search radius of 500m and the exponential model. The probability map (P) is 

shown in Figure 6.9.

3) Prediction Map (M ) of Above the Threshold Value Dataset

Ordinary Kriging is performed for the subset of data above the threshold value that are 

extracted from the original dataset.

4 ) Prediction Map (N) of Below the Threshold Value Dataset

Ordinary Kriging is performed for the subset of data below the threshold value that are 

extracted from the original dataset.
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Legend
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Figure 6-9 Probability Map of Indicator Kriging (threshold = 410.82)

5) Final Prediction Map Calculation

The final prediction map is calculated using the expression:

P x N  + (l-P ) x M

where: P is prediction map (<410.82mg/ m )

N is prediction map (<410.82mg/ m3)

M is prediction map(>410.82mg/ m3)

Figure 6.10 shows the final prediction map which is generated using the map 

calculation tool in ArcGIS Spatial Analyst (ESRI).
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Figure 6-10 Herring Block Grade Prediction Map (by IK)

6 .3  E v a lu a tio n  o f  I n te r p o la tio n s

6.3.1 Cross Validation

A cross validation method is used for assessing different Kriging methods. The Mean 

Standardized prediction Errors (MSE) and the Root Mean Square Error (RMSE) are 

shown in Table 6.1.

The RMSE for estimates made using OK (log) is the highest, and the others are about 

the same. The OK (log) algorithm does not provide satisfactory prediction either, because 

it places too much weight on the role of extreme values resulting in overestimation and 

extremely high RMSE. It is determined that the OK and SK algorithms are not suitable
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for this dataset due to the difficulty of fitting the semivariogram model despite their lower 

RMSE and the lower MSE.

Table 6-1 Comparison of Prediction Errors (Herring Block)

Interpolation Method RMSE MSE

IDW 455.1 0.0714

Ordinary Kriging 452.7 -0.000218

Ordinary Kriging (Log) 718.6 0.0568

Simple Kriging 450.5 -0.003029

Indicator Kriging 452.9 0.067

Notes: RMSE: Root mean square error.

6.3.2 Comparison of Ore Tonnage

1) Herring Block

The reserves of Herring Block are calculated using each of the interpolation methods. 

The tonnages of gold for Herring Block at various cut-off grades are shown in Table 6.2 

and Figure 6.11. The tonnages estimated by OK (log) are excluded in this table, because 

of its extremely high RMSE and because the tonnages are almost double of those of other 

interpolation methods. For this reason, it is unsuitable for this dataset. For comparison, 

the reserve using the Thiessen polygons method is also calculated.

At lower cut-off grades, from 0 mg/m3 to 400 mg/m3, the tonnages estimated using 

various interpolation methods have no significant difference (Figure 6.11), but the 

difference rapidly increases at a higher cut-off grade. The Polygon method gets higher 

tonnages up to 1400 mg/m3, and the IDW method is next highest. Due to the smoothing 

effect, all the Kriging methods (OK, SK, and IK) provide no predictions above 800 

mg/m3. Furthermore, the areas of gold distribution above various cut-off grades (Table

6.3) also indicate that interpolation methods have different smoothing effects on various 

cut-off grades.
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Table 6-2 Tonnages of Gold of Herring Block with Various Cut-off Grades

Methods 0 200 400 600 800 1000 1200 1400

IK 5380.93 4761.06 ^974.22 424.26

IDW 5209.18 4482.73 2696.36 1336.95 749.37 438.35 294.47 200.07

OK 5353.26 4737.86 2869.60 710.91 124.491 2.16

SK 5427.82 4993.10 2 5 4 8 3 ? 516.55

Polygon 4999.94 4146.59 2999.55 2460.30 1868.52 1246.90 1079.45 923.63

Figure 6-11 Tonnages of Gold with Various Cut-off Grades (Herring Block)
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Table 6-3 Areas of Gold Distribution above Various Cut-off Grades (Herring Block)

Interpolation Areas (square m) of gold distribution above various cut-off grades (mg/m*L_
Methods 0 200 400 600 800 1000 1200 1400

IK 1805877 1306400 632400 76100

IDW 1805877 1128700 471800 179600 84000 42800 26500 16200

OK 1805877 1260500 602800 131300 26500 400

SK 1805877 1478700 554300 97200

Polygon 18058771 796109 397786 274593 166924 98165 78355 65902

2) Overall study area

The reserves of each block are estimated using each of the interpolation methods. The 

result is shown in Table 6.2 and Figure 6.12. In general, there is a common trend for 

reserve estimated using various interpolation in each block, i.e., the reserves estimated by 

OK(log) are the highest, those by the Polygon the lowest, and those by the others (IK, 

EDW, OK, and SK) are in between.

Table 6-4 Tonnages of Gold of Blocks for Various Interpolation Methods

OK(log) IK IDW OK SK Polygon

Herring 11672.70 5380.93 5194.71 5345.30 5415.53 4999.94

Halibut 9738.06 8901.98 8701.70 8737.11 8817.83 8357.49

Hum pycoho 14556.06 10776.71 10246.47 10190.01 10854.46 9869.07

PinkK ing 12320.78 8978.25 8835.13 8852.08 10378.26 7882.50

Red 13870.71 10450.24 11332.56 10377.27 11172.74 9704.23

Silver 10386.13 10443.85 10326.43 10471.73 10538.98 9935.17

Tom codO A 14468.32 10615.20 10722.36 9422.37 11903.89 7581.46

OtherC 7554.53 5231.31 5015.07 5182.19 5648.45 3802.09

Total 94567.28 70778.46 70374.43 68578.06 74730.14 62131.94
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Figure 6-12 Tonnages of Gold of Blocks for Various Interpolation Methods

Figure 6.13 shows the trend of total reserves of the study area estimated using five 

interpolation methods and the polygon method. The reserves estimated by OK (log) are 

approximately twice as high as the others. Those estimated by SK are the second highest 

and those by the Polygon method are the lowest. The other three (IK, IDW, and OK) 

differ slightly.
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Interpolating Methods vs. Total Reserves

Interpolating Methods

Figure 6-13 Total Tonnages of Gold by Various Interpolation Methods 

6 .4  D is c u s s io n

1) The modeling by the Kriging method with lognormal transformation is not 

satisfactory, because it places too much weight on the extreme values, 

resulting in overestimation.

Logarithmic transformation is one approach usually used to detect spatially 

dependent structures for highly skewed data (Cambardella et al., 1994; Litaor, 

1995; Van Meirvenne et al., 1996). The lognormal kriging estimator provides 

an approximately unbiased estimate, but it only works well when the 

transformed data are a Gaussian random function (Juang et al., 2001). Thus, 

the kriging estimation in the logarithmic space should be performed with 

caution, because the lognormal kriging estimation is nonrobust against 

departures from the lognormal distribution (Chiles and Delfiner, 1999). In 

fact, the problem lies in the back-transform. The back-transform through
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exponentiation tends to exaggerate any error associated with the kriging 

estimation (Goovaerts, 1997):

Z ' lk =e x p (/  + ^ I k )

where y *and <t 2lk are the kriging estimated value and kriging variance in

the logarithmic space, respectively. Moreover, the lognormal kriging estimate 

( Z \ k )  is conditionally unbiased and hinges on the assumption of small 

kriging variance and the correct determination of the variogram sill. The 

estimate Z \ k is very sensitive to variogram fluctuations (Chiles and Delfiner, 

1999). In this study, we have high kriging variance and indistinct variogram 

sill, therefore, the logarithmic transformation is not suitable for the data of 

gold grade in the study area.

2) The OK and SK algorithms are determined to be unsuitable for this dataset 

due to the difficulty of fitting the semivariogram model, despite their lower 

RMSE and the lower MSE.

3) The Indicator Kriging (IK) method provides reasonable results for ore tonnage 

calculation compared with the other methods, and has relatively lower RMSE 

and MSE. It is suitable to deal with the extreme values.

4 ) The Inverse Distance Weighted method has relatively lower RMSE and MSE, 

and gives reasonable results on ore tonnage calculations; also, its results are 

relatively realistic prediction values at high cutoff grades.

5) Because of the smoothing effect of the Kriging Methods, the predictions by 

various Kriging interpolation methods do not seem to generate reasonable 

estimations of ore grade distributions at high cutoff grades. However, the
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overall reserve estimation is comparable with that by the IDW and Polygon 

methods.

Since the prediction made by the IDW method has relatively lower RMSE, reasonable 

results on ore tonnage calculation, and more realistic predicted values at higher cutoff 

grades, the IDW method is used as the prediction tool for gold grade interpolation for the 

study site. The 2.5D Geodatabase developed in this study is also based on the IDW 

estimation.
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Chapter 7 Concluding Summary

With the more capable software ArcGIS8.3 and Microsoft Access, the study in this 

thesis takes advantage of the improvements in GIS technology over the years and 

significantly enhances the GIS structure for Nome offshore gold resource management 

from the previously developed GIS structure in the research project. The tasks completed 

in the study are summarized below.

1) Development of Advanced GIS Structure

Two improved relational geodatabases are created, in which various maps integrated 

with digital data sets are stored. One database is known as the “Integrated Geodatabase”, 

which stores all the related data collected in the Nome area, such as borehole data, 

bedrock geology, surficial geology, and geochemical data. This “Integrated Geodatabase” 

is largely based on the data collected and complied in Stage I of the study. The other 

database, the “Regularized 2.5D Geodatabase”, is generated from the Integrated 

Geodatabase. By making use of these databases, a better understanding is expected of 

mineral resource exploration and reserve estimation of the Nome area. Tasks, such as 

information query, statistical analysis, and data visualization, can be carried out 

effortlessly. In addition, sophisticated GIS models can be developed based on these 

databases to meet the specific needs of a project.

2) Geostatistical Analysis of Gold Grade Distribution

Development of predictive models is attempted for the Nome offshore gold resource 

for better understanding of the gold distribution and better management of the resource. 

Five interpolation methods, i.e. the Inverse Distance Weighted (IDW) method, the 

Ordinary Kriging (OK) method, the Ordinary Kriging method with lognormal 

transformation (Ok-log), the Simple Kriging (SK) method and the Indicate Kriging (DC) 

method, are carried out in this study using ArcGIS Geostatistical Analyst (ESRI). Since 

the predictions made by the IDW method have relatively lower RMSE, reasonable results
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on ore tonnage calculation, and more realistic predicted values at higher cutoff grade, the 

IDW method is used as prediction tool for gold grade interpolation in Nome offshore 

area. The 2.5D Geodatabase developed in this study is also based on the IDW estimation.

3) Sediment Data Analysis

Based on layered lithology Thiessen polygon feature classes in the Integrated 

Geodatabase, a series of layered sediment distribution maps parallel to sea level and sea 

floor are created using ArcGIS. The sediment architecture (sediment facies) of the Nome 

offshore area is analyzed using sediment distribution maps to derive glacial, marine, and 

fluvial origin of sediment.

4) Gold Distribution Analysis

Layered gold distribution maps parallel to sea level and sea floor level are created 

using ArcGIS, and the reserves above various reference levels are calculated. Vertical 

and horizontal gold distributions, as well as correlation of gold distributions with 

sediment types are studied using GIS tools. The higher average gold content in diamict 

facies and gravel facies indicates that glacial sediments are the gold origin; 38.9% of the 

gold reserve is within the top two meters of the seafloor level.

5) Model Analysis of Formation of Marine Gold Placers

Data analysis to understand the geology and formation of the offshore mineral 

resources are performed in this study based on the GIS geodatabases utilizing advanced 

GIS analysis tools.

6) Improved Interactive Website

The development of this website utilizes ArcIMS — a GIS based website development 

tool. This tool provides the foundation for distributing high-end GIS and mapping 

services via the internet and enables users to integrate local data sources with internet 

data sources for display, query, and analysis in an easy-to-use web browser. This new
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and sophisticated tool revolutionizes the way users can access and interact with internet 

mapping and GIS data.
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Appendix A Layered Contour Maps of Gold Distribution
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A-3 Gold Distribution of Nome Offshore, 6 m below Sea Floor



A-4 Gold Distribution of Nome Offshore, 8 m below Sea Floor
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A-13 Gold Distribution of Nome Offshore, 28 m below Sea Level
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A-14 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 200mg/m )
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3
A-16 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 600mg/m )



3
A-17 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 800mg/m )
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A-19 Gold Distribution Contour Map of Nome Offshore (Cut-off Grade: 1200mg/m3)
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Appendix B Layered Sediment Distribution Maps

Sediment Distribution Offshore Nome, Alaska 

8 meters Below Sea Level

B-1 Sediment Distribution of Nome Offshore, 8 m below Sea level
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B-2 Sediment Distribution of Nome Offshore, 12 m below Sea level



Sediment Distribution Offshore Nome, Alaska
16 meters Below Sea Level

B-3 Sediment Distribution of Nome Offshore, 16 m below Sea level



B-4 Sediment Distribution of Nome Offshore, 20 m below Sea level



Sediment Distribution Offshore Nome, Alaska
24meters Below Sea Level

B-5 Sediment Distribution of Nome Offshore, 24 m below Sea level
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Sediment Distribution Offshore Nome, Alaska
28meters Below Sea Level

B-6 Sediment Distribution of Nome Offshore, 28 m below Sea level
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Sediment Distribution Offshore Nome, Alaska
1 meter Below Sea Floor
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B-7 Sediment Distribution of Nome Offshore, 1 m below Sea Floor
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Sediment Distribution Offshore Nome, Alaska
4 meters Below Sea Floor

B-8 Sediment Distribution of Nome Offshore, 4 m below Sea Floor
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B-9 Sediment Distribution of Nome Offshore, 8 m below Sea Floor
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B-10 Sediment Distribution of Nome Offshore, 12 m below Sea Floor
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Appendix C Comparative Analysis of Interpolation Methods (Herring Block)

Herring Block Grade Prediction Map (by IDW, >200mg/m3) Herring Block Grade Prediction Map (by IDW, >400m g/m3)
    *---------------

C-1 Grad Prediction Map (by IDW, >200mg/m3) C-2 Grad Prediction Map (by IDW, >400mg/m3)
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Herring Block Grade Prediction Map (by IDW, >600mg/m3)
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Herring Block Grade Prediction Map (by IDW, >800mg/m3)

C-4 Grad Prediction Map (by IDW, >800mg/m3)



Herring Block Grade Prediction Map (by IDW, >1000mg/m3)
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C-5 Grad Prediction Map (by IDW,
>1000mg/m3)

Herring Block Grade Prediction Map (by IDW, >1200mg/m3)

C-6 Grad Prediction Map (by IDW,
>1200mg/m3)



C-7 Grad Prediction Map (by IDW,
>1600mg/m3)
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Herring Block Grade Prediction Map (by SK, >200mg/m3)
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C-8 Grad Prediction Map (by SK, >200mg/m3)
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C-9 Grad Prediction Map (by SK, >400mg/m3)
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Herring Block Grade Prediction Map (by SK, >600mg/m3)

C-10 Grad Prediction Map (by SK, >600mg/m3)
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Herring Block Grade Prediction Map (by OK, >200mg/m3)
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C-12 Grad Prediction Map (by OK, >400mg/m3)
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C-13 Grad Prediction Map (by OK, >600mg/m3)
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Herring Block Grade Prediction Map (by OK, >800mg/m3)

C-14 Grad Prediction Map (by OK, >800mg/m3)



Herring Block Grade Prediction Map (by IK, >200mg/m3)
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C-15 Grad Prediction Map (by IK, >200mg/m3)
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C-16 Grad Prediction Map (by IK, >400mg/m3)



C-17 Grad Prediction Map (by IK, >600mg/m3)

Herring Block Grade Distribution (by Polygon, >200m g/m3)

B  200-400 

400-600

Legend

Her_polyg
AVEJVIGCM

0-200

600-800 

800-1000E 1000-1200
1200-1400

>1400

C-18 Grad Prediction Map (by Polygon,
>200mg/m3)



C-19 Grad Prediction Map (by Polygon,
>400mg/m3)

C-20 Grad Prediction Map (by Polygon,
>600mg/m3)



C-21 Grad Prediction Map (by Polygon,
>800mg/m3)

Herring Block Grade Distribution (by Polygon, >1000mg/m3)

C-22 Grad Prediction Map (by Polygon,
>1000mg/m3)



C-23 Grad Prediction Map (by Polygon,
>1200mg/m3)



Appendix D Profiles of Orebody Boundary

D-1 Profiles Location Map of Orebody Boundary



W1-E1 orebody boundary profile
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D-2 W1-E1 Orebody Boundary Profile



W2-E2 orebody boundary profile
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D-3 W2-E2 Orebody Boundary Profile



D-4 N1-S1 Orebody Boundary Profile



D-5 N2-S2 Orebody Boundary Profile


