SYLLABUS 

Subject: GEOLOGICAL INFORMATION SCIENCE AND GEOSTATISTICS  

                                            (36 hrs of lecture, 36 hrs of labs)

The goal of this course is to provide students with theoretical foundation of methods of geostatistics, formulate classes of geological tasks accomplished by these methods and their peculiarities, as well as supply practical skills of statistic information processing using modern computer software. 

Lectures

1. Introduction 

Characteristics of geological information: descriptive, cartographic, quantitative. Scales of measuring and deviations. Laws and randomness. Random processes and random changes. Classification of statistical variables. Statistical material, general and selective. Main conditions for applications of statistical models: mass character, homogeneity, randomness, independence. Main tasks of geostatistics. Classification, survey and prognosis. 

2. Elements of Theory of Probabilities. 

Events. Frequency and probability. Conditional probability. Rule of addition and multiplication of probabilities. Some formulas of combinatorics. Baies’ formula of complete probability for complete group of events. Examples of geological problems on calculation of probabilities. 

3. Distribution function  

Representation of quantitative geological information (tables, analytical and graphic representation). Definition of the law of distribution. Empiric and theoretic distribution functions. Properties. Calculation of probabilities. 

4. Characteristics of random values 

Numerical characteristics of dislocation and dispersion. Mathematical prognosis, mode, median. Dispersion, standard, coefficient of variation. Range. Quantiles and interquantile latitudes. Coefficients of asymmetry and excess. Characteristics of angle (circle) values. 

5. Main statistical laws of distribution used in geology. 

Normal law of distribution. Transformation of Fisher. Standard normal law of distribution. Function of error of Laplace and its table. Logarythmically normal law of distribution. Binomial law of distribution. Poisson’s law of distribution. Even distribution and distribution of Mizes for angle values. 

6. Point evaluations of geological unity parameters. 

Contents and effectiveness of evaluations. Evaluations for prognosis, dispersion, asymmetry, and excess. Cases of grouped and ungrouped data. Dispersions of asymmetry and excess and validation of hypothesis of normal distribution. Evaluation of parameters of normal and lognormal distribution.

7. Interval evaluation of parameters of geological unity.

Evaluation of trust interval for average. Distribution and criterion of Student. Evaluation of trust interval for dispersion. Evaluation of required minimum of measurements for evaluation of average with set accuracy. 

8. Hypotheses and statistical refinement. 

Scheme of statistical refinement. Errors of first and second order. Level of importance, trust probability. Null and alternative hypotheses, statistics and its distribution. Power of criteria. Parametric and non-parametric criteria and conditions for their application. Distribution xi-square and critical values for set trust probability. Validation of hypothesis on distribution law. Criteria of accordance for continuous functional distributions (Kolmogorov-Smirnov).

9. Determining geochemical background and minimum abnormal contents. 

Methodology of selection of tests and determining systematic error. Prior processing of information, smoothing. Selection of distribution law. Determining critical abnormal values. Representation of results of analysis. 

10. Comparison of two geological objects. 

Criterion of Velch for averages. Non-parametric criterion of Wilcoxon. Fisher’s criterion for dispersions. Non-parametric criterion of Seadgel-Tuckie. Xi-square criterion for frequencies. 

11. Single- and multiple factor dispersion analysis. 

Single-, double- and multiple factor analysis in geology. Scheme for information representation and validation of hypotheses. Non-parametric dispersion analysis. 

12. Coefficient of correlation. 

Correlation coefficient for quantitative data and its properties. Validation of hypothesis of value of pair correlation coefficient. Approximated formula of correlation coefficient. Rank coefficient of correlation of Spearmen. Correlation coefficient for qualitative data. 

13. Linear regressive model. 

Properties, equations and geometric interpretation. Trust interval for conditional average of dependent values. Evaluation of qualitative linear model on the basis of dispersions comparison. 

14. Correlation relation. 

Properties of correlation relation and its connection with correlation coefficient. Hypothesis of role of correlation relation. Validation of hypothesis of possible application of a linear model. 

15. Non-linear regression. 

Types of non-linear regression. Parabolic, hyperbolic, exponential, logarithmic regression. Selection of equation parameters by method of least squares. Solving systems of equation by matrix method. 

16. Methods of fitting of experimental data. 

Approximation of data: interpolation, extrapolation, fitting. Fitting experimental data by methods of curves and splines.  Filtration of data. 

17. Approximation of trend surfaces and analysis of residual values. 

Statistical methods of validation of hypothesis of existence of non-random component: method of changes of indicators and method of leaps. Linear and polynomial (square, cube) trend function. Coefficient of multiple correlation for discrepancy analysis with observation data. 

18. Random functions and analysis of diagrams. 

Models of random fields in space and time. Realization of random function, its main characteristics: mathematical prognosis, dispersion, correlation function. Autocorrelation functions and variograms (structural functions) and their application for validation of hypothesis of existence of trend, classification of objects by the character of space changeability, evaluation of critical distances between points of observation which are correlating. 

