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ABSTRACT 

A computer-based data collection, storage, and retrieval system 

was used to separate the brittle fracture elements at the southeastern 

end of the Connecticut Valley. The relatively undeformed strata of 

the Connecticut Hesozoic Basin and adjacent pre-Hesozoic basement to 

the east yield fracture patterns with both similar and contrasting 

elements. 

Common joints, nearly vertical in the pre-Mesozoic basement, have 

scattered orientations between N75E and NSOW but show weak maxima at 

N30E and NlSW. Smoothly polished joints, a sub-class of common joints, 

are represented by maxima which are nearly vertical and strike N29E, 

NlOW, and N45W. 

The pre-Mesozoic terrain also contains two consistently oriented 

classes of fractures, possibly related to inherent planes of weakness 

that pre-date the Mesozoic fracturing. Microjoints (sets of sub­

parallel fractures with l-4mm. spacing) and headings (.5-2m. wide 

zones of parallel, closely spaced, nearly vertical joints) are 

similarly oriented, forming approximately orthogonal sets at N75E and 

NlSW. Headings also display a strong N30E set. 

The pattern of Paleozoic pegmatite dikes shows some resemblance 

to the patterns of the various fracture elements in the crystallines. 

Fractures occurring along the centers and parallel to the edges of 

siliceous dikes strike Nl8-55E and dip 65° SE. These and quartz­

filled fractures (N22-50E 65SE) may represent a NE structural weakness 

that existed prior to the Mesozoic. 

1 
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The symmetry of the common joint pattern in the Mesozoic rocks is 
I 

unlike that in the pre-Mesozoics. Two vertical sets, N40E and N50W, 

are essentially orthogonal. Weak maxima appear for E-W vertical joints 

and variably dipping NE striking joints. Mineralized fractures in the 

Mesozoic rocks are predominantly coated with calcite and mainly strike 

NE, dipping NW, SE, and vertical. Zeolite and chlorite are also 

present on joints striking NE and dipping moderately to the NW. Within 

the pre-Mesozoic terrain, chloritized joints are similar in orientation 

to fractures in the Mesozoic strata, indicating the effect of a 

tectonic overprint. 

Fault orientation patterns in the Mesozoic and pre-Mesozoic rocks 

show many resemblances, suggesting origin under similar stress orienta-

tion. The majority of minor faults displays normal dip-slip motion. 

Gon-juga-t=e--NW--and 5-E- dipp±ng-fau±ts-i-ndicate -NW-S£ exterrsTon; bess 

prominent sets of NE and SW dipping faults, interpreted to be conjugate, 

suggest that NE-SW extension was also present. Vertically dipping 

strike-slip faults (rakes of net slip less than 30°) occur on planes 

oriented NSSE, N90E, and N50W and constitute less than 10% of the fault 

population. 

The study shows that Mesozoic rocks contain a number of fracture 

elements recognizable as an overprint on an ancient tectonic fabric in 

the older crystalline rocks. 
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INTRODUCTION TO PROBLEM AND METHODS 
I 

Purpose 

The orientations of over 2500 joints, faults, and other fracture 

elements were recorded in the pre-Mesozoic basement complex and 

adjacent Mesozoic sequence at the southern end of the Eastern Border 

Fault, east of New Haven, Connecticut. The purpose of this study was 

to compare fracturing in pre-Mesozoic metamorphic rocks and relatively 

undeformed Mesozoic strata and to provide information on the history 

of fracturing in the Connecticut Valley. 

A secondary purpose was to develop and experiment with a computer-

based information system for fracture data. The large amount of 

fracture data recorded in this study was placed in computer storage. 

The computer performs the function of searching through the data much 

the same as a geologist looks through his notebook. In this way, 

particular types of data are easily extracted. The system also pro-

vided programs for plotting and contouring data on equal-area nets. 

By using these programs a geologist can easily isolate and analyze 

separately significant brittle fracture elements. This system greatly 

reduces the amount of time in presenting the data. 

General Geology 

The study area is located at the southeastern corner of the 

Connecticut Valley, east of New Haven, Connecticut (Figure 1). The 

field area straddles the Eastern Border Fault, which disrupted the 

pre-Mesozoic rocks and caused the sedimentation that formed the 
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Connecticut Basin during the Triassic and Jurassic (Barrell, 1915; 
I 

Foye, 1922; Russell, 1922). 

Pre-Mesozoic rocks. The major geologic structure of the pre-

Mesozoic in this region is the Killingworth Dome (Lundgren, 1968; 

Lundgren and Thurrell, 1973; Goldsmith and Dixon, 1968), which con-

tains several systems of folds and has a complex tectonic history. 

The Stony Creek Granite (Figure 2), the oldest rock unit in the 

study area, is considered to be Late Precambrian and interpreted to be 

the result of remobilization or partial remelting of Avalonian acidic 

volcanic or granitic rocks during Paleozoic metamorphism (Bernold, 

1962; Hills and Dasch, 1969). The Stony Creek Granite forms the core 

of an antiform with an axis trending north-northwest. The geologic 

maps (Figure~ 2, 3) show that it is surrounded by the Plainfield 

Quartzite which is stratigraphically above the granite body. The map 

pattern suggests that the quartzite is concordant with the granite. 

Locally, however, the Stony Creek Granite intrudes the quartzite. 

Above the rocks of the Stony Creek Dome is the Monson Gneiss 

which is overlain by the Middletown Gneiss (Figure 2). These gneisses 

are considered to represent Ordovician volcanics. Younger than the 

gneisses is the Brimfield Schist (Figure 2) which represents 

Ordovician sediments. 

Refer to Bernold (1962), Lundgren and Thurrell (1973), Lundgren 

(1968)~ Dixon and Lundgren (1968), Goldsmith and Dixon (1968), and 

Mikami and Digman (1957) for more detail on the structure, stratigraphy, 

and petrography of the rocks east of the Eastern Border Fault. 
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In this study, fracture stations in pre-Mesozoic units are con­

fined to the Stony Creek Granite and Monson Gneiss located at the 

southwestern flank of the Killingworth Dome, adjacent to the Eastern 

Border Fault (Figure 4). In the outcrops sampled, these rocks are 

generally faintly foliated, although they are moderately foliated at 

some localities. 

Mesozoic rocks. Mesozoic sedimentary and volcanic rocks of the 

Newark Group lie west of the Eastern Border Fault, in the lowlands of 

the Connecticut Valley (Figure 2). Although these rocks have been 

considered to be Triassic, recent evidence from fossil spores and 

pollen indicates an early Jurassic age for the upper part of the 

Newark Group (Shuttle Meadow Formation and younger; Cornet et al., 

1973). In addition, Armstrong and Besancon (1970) have shown that 

··r:11ere is· noreTiabTe rs-ofopic -da:Eln.g-norizon t-h-arwould d-et-ermine the 

absolute age of the Jurassic-Triassic boundary. In this study, the 

Jurassic is considered to begin at the base of the Shuttle Meadow 

Formation (Figure 2). 

8 

The main structural feature in the Mesozoic rocks in the vicinity 

of the study area is the Gaillard Graben (Sanders et al., 1963; 

Sanders, 1970) bordered on the northwest by the Faxon Fault and on the 

·southeast by the Eastern Border Fault (Figures 2, 3). With the 

exception of the basal New Haven Arkose and the upper Portland Arkose, 

the complete Jura-Triassic sequence is exposed on the Gaillard Graben. 

Figure 2 shows the complete sedimentary and volcanic sequence as 

exposed in southern Connecticut. Mesozoic stratigraphy has been 
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discussed in more detail by Sanders et al. (1963), Sanders (1970), and 

Klein (1968). The petrology of the sedimentary rocks has been 

covered in considerable detail by Krynine (1950). 

The sequence has been broadly warped into transverse folds with 

axes trending perpendicular to the Eastern Border Fault as indicated 

by the crescent-shaped outcrop patterns of the three lava flows 

(Figure 2). These folds presumably formed when the hanging wall was 

dropped along the irregular Eastern Border Fault (Wheeler, 1939). 

Numerous subsidiary faults in the folded Mesozoic strata trend pre­

dominantly N30E. Northwest trending faults are also present (Figure 2). 

At the southern extremity of the Gaillard Graben, east-west trending 

strike-slip faults offset the basalt ridges (Figures 2, 3). The primary 

evidence for these faults is stratigraphic and topographic offset 

(Sanders, 1970). 

Diabase dikes have been shown on geologic maps prepared by earlier 

workers (Davis, 1898; Mikami and Digman, 1957; Sanders et al., 1963; 

Wheeler, 1937) studying this region. One in particular intrudes pre­

l1esozoic crystalline rocks and parallels the Eastern Border Fault 

striking N40E. On a geologic map (Figure 2) the dike appears to be 

offset in several locations by northwest trending faults. The 

existence of these faults is questionable since the map pattern can 

also be explained by an en echelon arrangement of discontinuous dikes. 

In addition to this major dike, many diabase dikes of lesser extent 

have been mapped immediately west of the Gaillard Graben. One dike is 

present along a short segment of the Faxon Fault (Sanders et al., 1963). 
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In this study, fracture stations in Mesozoic rocks are located 

west of the Foxon Fault and on the southern portion of the Gaillard 

Graben. The map in Figure 4 shows the locations of all sampling sites 

in the Mesozoic and pre-Mesozoic rocks. 

Previous Fracture Studies 

There are several well-known papers dealing with jointing in 

areas of the United States. Spencer (1959) measured the orientations 

of 25,000 joints in the Beartooth Mountains of Montana. Wise (1964) 

related microjoints in the Precambrian basement rocks of Montana and 

Wyoming with fluid inclusions. Other fracture studies have been done 

by Hodgson (1965) and Pincus (1961). 

The earliest study of fractures in the crystalline rocks in this 

area was done by Dale and Gregory (1911) who primarily investigated the 

economic aspects of the granites of Connecticut. They did, however, 

record the actual attitudes of individual sets of fractures in the 

granite quarries of the Guilford-Branford area. They observed many 

types of brittle features and attempted to account for their origin. 

In mapping the Guilford 15-minute quadrangle, Mikami and Digman 

(1957) also measured the orientations of joints in both the pre­

Mesozoic and Mesozoic rocks. They attempted to relate mineralized 

joints in the granitic rocks with an intrusive episode, but were 

unsuccessful in recognizing any meaningful pattern in the mineralized 

joints. Also, the number of clean or unmineralized joints measured 

within small domains was insufficient to show any recurring trend in 

the data that could be correlated with the regional fracture fabric. 
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In Mesozoic rocks, Longwell (1922) reports several normal faults 

displacing the sedimentary beds in an aqueduct tunnel through the 

basalt ridge which is parallel to and west of Lake Saltonstall. This 

information is presented in his paper only as a range of strikes and 

dips of the fault planes. 

No detailed investigation of jointing and faulting of the intensity 

of this study has been made in this region. Recently, however, similar 

studies have been carried out in other parts of the Connecticut Valley. 

Detailed work has been done in the vicinities of Meriden, Connecticut 

(Wise et al., 1975), Mt. Holyoke, Massachusetts (Naso, 1975), and 

Turners Falls, Massachusetts (Goldstein, 1975). 

Field Methods 

Sampling techniques. Whenever possible, large outcrops were 

---

chosen so that a sample of fra-ctures represendng theTrtie rocK: Taofic 

could be taken. Where feasible, at least 100 joint orientations were 

measured. Wise (1964), in his study of microjointing in the basement 

rocks of Montana and Wyoming, lists precautions when sampling fracture 

orientations from an outcrop: 

1. Most outcrops have some sort of planar orientation and those 
fractures that occur parallel to the trend of the exposure 
are frequently overlooked. For instance, joints with the same 
attitude as the wall of a roadcut are generally not noticed. 
Also, horizontal joints are not revealed on flat outcrops. 
Planes that strike at an angle to the outcrop surface, how­
ever, are more likely to be noticed. 

2. In traversing an area there is a strong tendency to select a 
plane that is sub-parallel to the last one measured, and to 
ignore those fractures which strike parallel to the direction 
of traverse. On a flat exposure, these difficulties can be 
minimized by the observer moving in a broad circle. Vertical 
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exposures present more of a problem and the above factors 
should be considered in the collection and analysis of data. 

In the present study, the orientation of each feature was plotted 

on an equal-area net as it was measured. In this way, strong maxima 

that are the result of the angular relation between outcrop surface 

and fracture plane can be minimized, giving a more representative 

sample of fracture orientations. 

~~co~~~ data. All the information gathered was recorded oa 

data forms to preserve the necessary details associated with each 

fracture. The data forms, originally designed by Pferd (1975) as an 

alternative to the conventional field notebook to provide a systematic 

method for recording metamorphic structural data, were revised to 

accommodate the more specialized information collected in a fracture 

study. 

Three types of data forms were used to record the information 

from this study: 

1. Planar elements data sheet for surfaces. 

2. Linear elements data sheet for those features whose orientations 
can be measured as an axis. 

3. General data sheet for comments and any information that cannot 
be recorded on the linear or planar data sheets. 

A more complete discussion of the description and use of the data 

forms is included in Appendix I. 

The data forms provide an ideal method for recording several types 

of information associated with each individual fracture. Information 

such as fracture length, surface features, and rock type can be easily 

recorded as codes for every fracture. 
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Fracture length refers to the maximum dimension of a fracture as 

seen in the outcrop surface. This means that the total length of a 

fracture extending beyond the limits of an exposure will not be 

recorded. It is only intended that this information be recorded in 

order to distinguish between fractures that are different in size by 

an order of magnitude. 

Surface features include type of mineralization found on fracture 

planes and such terms as "smooth", "rough", "weathered", and "altered". 

Smooth and mineralized joints are significant elements of this study 

and will be discussed later in the text. 

By using such a data collection system, information can be 

methodically and unambiguously recorded, improving the legibility of 

the field notes. 

----- -----

Computerizing the data. To facilitate the analysis of information, 

the data forms can be transcribed to computer cards by keypunch and 

then transfered to a storage device within a computer system. To have 

access to the data, a computer program was written to extract any infor-

mation recorded and stored in the computer syst~m. In this way, 

features of interest can be displayed graphically on equal-area nets or 

numerical analyses can be performed. 

The system proved to be extremely valuable in that it obviously 

reduces the amount of time spent in preparing contoured equal-area 

net plots, commonly used in fracture studies. More importantly, the 

computer rapidly performs the same function as a geologist who searches 

through his notebook for a particular feature, whose orientation is 



to be plotted. This permits the geologist to extract particular 

information which would not be analyzed if a computer were not used 

because of the amount of time involved. 

15 

A description and discussion of this data collection, storage, and 

retrieval system is presented in Appendix I of this thesis. 
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ANALYSIS OF JOINTING 

The joints in the pre-Mesozoic and Mesozoic terrains have been 

analyzed independently because each displays a different fracture 

pattern. Figures SA and 6A show all the common joints in the 

crystalline and Mesozoic rocks of the study area. Possible simil­

arities in the fracture pattern of the two plots exist especially in 

the northeast striking, steeply dipping joints represented by the 

areas within the 3% contour lines. In the pre-Mesozoic rocks (Figure 

SA) this set strikes N30E while a similarly oriented set in the 

Mesozoics (Figure 6A) trends N40E. 

The basement rocks contain a poorly developed, nearly vertical set 

trending N4SW which is essentially parallel with a steeply dipping set 

in the Mesozoics which strikes NSOW. 

The plots of joints in the pre-Mesozoic and Mesozoic rocks also 

show variability of dips of northeast striking planes, especially by 

the northwest dipping joints in the Mesozoic rocks. 

The pre-Mesozoic and Mesozoic rocks also display dissimilar joint 

sets. A well-developed, nearly vertical set strikes NlOW in the 

older rock units, but is not displayed by the plot of common joints in 

the Mesozoic rocks. Conversely, steeply inclined east-west striking 

joint sets in the Mesozoics do not occur in the pre-Mesozoics. Nearly 

horizontal joints are well-represented in the crystallines and are 

attributed to the well-developed sheeting in the granitic rocks. 

There appear, then to be similar and contrasting fracture patterns 

in the basement rocks compared with the overlying strata. In this 
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Figure 5. Pole diagrams of common joints in pre-Mesozoic basement rocks. 
A. All common joints. B-K. Common joints in sub-areas. Roman nu­
merals refer to sub-area locations on map in Figure 4. 
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Figure 6. Pole diagrams of common joints in Mesozoic rocks. A. All 
common joints. B-F. Common joints at sub-areas. 



analysis, it was necessary to separate common joints into groups using 

various criteria such as fracture length, surface features, and 

sampling locations, and then plotting these groups independently on 

equal-area nets. Other fracture elements, such as headings and micro­

joints, which represent independent classes of brittle features not 

included in the plots of Figures SA and 6A, are studied later in the 

text. 

Azimuthal Histograms of Equal-area Net Maxima 

19 

Since azimuthal variations of maxima are difficult to perceive on 

equal-area nets, histograms were prepared. Only those maxima represent­

ing poles to planes dipping greater than 65° are included in the histo­

grams. It is reasonable to eliminate those joints which dip at lower 

angles since, with the exception of sheeting, they are not developed at 

all in the pre-Mesozoics and constitute a minority in the Mesozoics. 

Figure 7B shows such a histogram prepared from a contoured equal­

area net plot (Figure 7A). The vertical axis represents the percent 

of each orientation as it is identified on the contoured equal-area 

net. The azimuthal range of the planes represented by each maximum on 

the equal-area net is plotted on the horizontal axis. 

In the ensuing discussion, the fracture elements of the pre­

Mesozoic rocks will be considered first, followed by a presentation of 

the fracture system in the Hesozo.ic rocks. 

Jointing in the Pre-Hesozoic Rocks 

As defined by Billings (1954, p. 106), joints are "divisional 

planes or surfaces that divide rocks, and along which there has been 
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no visible movement parallel to the plane or surface." The first type 

of joints to be discussed are common joints which are any fractures, 

of outcrop scale, that are neither headings, microjoints, or faults. 

Headings are zones of closely spaced, nearly vertical, parallel joints 

(Dale and Gregory, 1911). Microjoints are four or more small, but not 

microscopic, closely spaced, sub-parallel fractures that occur within 

a zone of 3mrn. or less in width (Wise, 1964). Faults are fractures 

that show visible evidence of movement parallel to the fracture 

plane. 

Variation of common joint maxima between sub-areas. The first 

aspect of the data to be considered will be the variation of all 

common joints over the pre-Mesozoic study area. Closely clustered 

fr,acture stations have been grouped into sub-areas and all common 

joints recorded within these domains have been represented on both the 

equal-area plots (Figures 5B-5K) and the histograms (Figure 8). 

Although considerable variation exists between each sub-area, a 

few general observations can be made, suggesting a relation between 
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the fracture patterns. Joints that strike northeast are developed in 

all sub-areas to some degree. The northeast trends are best developed 

in sub-areas X, XI, XII, and XIV (Figures 5F, 5G, SH, SJ). Notably in 

IX, XI, and XIII (Figures SE, SG, 51) the angle of the dip of northeast 

striking joints is varied, as indicated by the great circle distribution 

of their poles. 

Northwest striking joints are most well developed in VI, VII, IX, 

and XIV (Figures SB, SC, 5E, 5J). Northerly striking joints are dis­

played by sub-areas VII, VIII, X, and XIV (Figures SC, SD, SF, SJ). 
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Figure 8. Histograms of common joints at each sub-area in pre-Mesozoic 
rocks. Roman numerals indicate sub-area locations on map in Figure 4. 
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Joints striking east-west are poorly developed in all sub-areas except 

XIII and XV (Figures SI, SK). 

The majority of well developed sets of common joints in the pre­

Mesozoic rocks are steeply dipping. In sub-areas IX, XI, and XIII 

(Figures SE, SG, SI), however, there is considerable variation of dip 

of northeast striking joints. 

The histograms of Figure 8 display more clearly the azimuthal 

relation of the joints of each sub-area. No definite correlations can 

be made that show a systematic fracture pattern throughout the study 

area. 

Separation of size classes £f common joints. By using the 

computer programs in Appendix I, joints were separated into various 

size groups according to their lengths on the outcrop surface. They 

are represented by the histograms in Figure 9. This was to determine 

if prominent fracture sets of any one size class of common joints could 

be correlated with any of the other brittle features such as micro­

joints or headings which are discussed later in the text. A secondary 

reason for separating all common joints into size classes is to deter-

mine if the largest size class of common joints (those joints greater 
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than 3m. long) are more representative of the structural grain of the 

crystalline rocks than the smaller joints. The histograms representing 

the various size classes do not reveal any evidence as to the reliability 

of the larger joints. 

Smooth joints. The massive rocks of granite texture commonly con­

tain joints with very smooth, polished surfaces, free from any 
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irregularities. Smooth joints are a sub-class of common joints and are 

included in the equal-area net of Figure SA. A contoured equal-area 

plot of all smooth joints in the pre-Mesozoic rocks (Figure lOA) shows 

two well developed maxima representing prominent steeply dipping sets 

of smooth joints striking N29E and NllW. 

To show the variation of smooth joints in the crystalline rocks of 

the study area, individual equal-area net plots were made of each 

domain and are illustrated in Figures lOB-lOK. Sub-areas IX, XII, XIV, 

and XV (Figures lOE, lOH, lOJ, lOK) show significant clustering of 

poles to northeast striking joint planes. Northwest striking smooth 

joints are displayed by VIII, IX, XII, and XIV (Figures lOD, lOE, lOH, 

lOJ). Well clustered sets of northerly striking joints can be seen in 

VIII, X, and XIV (Figures lOD, lOF, lOJ). 

The histograms of Figure 11 represent the separate size classes of 

smooth joints over the whole study area. Two strongly developed 
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maxima oriented N30E and NlSW correlate to some extent between the 

distinct size classes of smooth joints. This suggests that the develop­

ment of these fractures in the crystalline rocks is independent of 

their size. 

Rough joints. Rough joints are a sub-class of common joints. A 

common joint is considered to be rough if its surface contains irregu­

larities such as protruding mineral grains. The fracture surface may 

be nearly planar, however. Rough joints often appear in the same out­

crops as smooth joints, implying that the occurrence of these joint 

types is not dependent upon rock type. 
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On equal-area nets, the pattern of rough joints (Figure 12) closely 

resembles that of smooth joints (Figure lOA). The most obvious 

difference between the two sub-classes is that the smooth joints form 

sets that are much more well developed than do the rough joints. Note 

that the number of joints in both sub-classes is approximately the same, 

which indicates that the smooth joints show preferred orientation to a 

greater extent. 

Microjoints. Microjoints can be seen on the outcrop surface as 

hairline fractures (Figure 13). This class of tiny fractures is 

independent of common joints and is a separate element of the fracture 

system in the crystalline rocks, only occurring in massive rocks of 

granitic texture. 

Microjoints show a much simpler pattern than do any of the other 

classes of fractures in the crystalline rocks when plotted and con­

toured on an equal-area net (Figure 14A). A possible orthogonal rela­

tion exists between the Nl5W and N75E sets, although a poorly defined, 

but well developed trend exists from NSW to N40W. 

When discussing fractures in granite, it is necessary to introduce 

the terms rift, grain, and hardway, which are features in granites that 

make it suitable for quarrying. Rift is a term used by quarrymen to 

denote the plane of easiest splitting in granite. Grain is a plane per­

pendicular to rift which is the second easiest direction in which the 

granite is split. Hardway is a plane perpendicular to rift and grain 

and is, of course, that direction in which the rock is least easily 

split. Dale and Gregory (1911) and Dale (1923) discuss these features, 
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Fig~re 12. Pole diagram of rough joints in pre-Mesozoic rocks. These 
joints do not show the well developed N29E and NllW trends, which are 
shown by smooth joints in Figure lOA. 
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Figure 13. Photograph of microjoints in granitic gneiss. Microjoints 
are often seen as several sub-parallel hairline fractures in massive 
granitic rocks. 
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contours ' 2, 5, 10% 
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o pole to joint 

Figure 14. Pole diagrams comparing microjoints to grain in quarries 
near Branford-Guilford. A. Microjoints in crystalline rocks. B. Grain, 
headings, and joints observed in quarries in Stony Creek G~anite 
(from Dale and Gregory, 1911). 



as well as several others common in quarries, in work done on the 

commercial aspects of the New England granites. Balk (1937) also 

discusses rift, grain, and hardway. 

There appears to be a relation between microjoints recorded in 

the study area and the development of rift and grain in south-central 

Connecticut. Dale and Gregory (1911) suggest the correlation of rift 

and grain with fluid inclusions in the individual mineral grains. 
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Wise (1964) shows that there is a correlation of microjoints with fluid 

inclusions in the granitic basement rocks of Montana and Wyoming. In 

the Stony Creek area, Dale and Gregory (1911) have recorded several 

orientations of grain from the granite quarries near the study area, all 

with vertical dips (See Figure 14B). These trends are consistent 

with well developed microjoint maxima. Fluid inclusions, then, may 

well have controlled the development of microjoints in this study area. 

However, universal stage microscope work to determine their orientations 

is not within the scope of this study. 

Headings. A heading, common in massive granites, is a vertical 

zone, usually from 1/2 to 2 meters wide, bounded by two nearly vertical, 

parallel joints, between which other closely spaced parallel joints are 

located (Figures 15A, 15B). The joints within the zone are usually 

spaced from a few centimeters up to 30 centimeters apart. The term 

"heading" was used in the literature by Dale and Gregory (1911), but 

originally was used by granite quarrymen. Two such joint zones, spaced 

a moderate distance apart, defined the bearing or "heading" in which 

the granite would be worked. 



Figure 15. 
station 66. 
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A. 

Photographs of headings. A. Heading in Monson Gneiss at 
B. En echelon heading at station 66. 

B. 



The pattern of poles to headings contoured on an equal-area net 

(Figure 16A) is similar to that of microjoints (Figure 14A), but dis-

plays a maximum striking N30E, not.detected in the microjoints. The 

contoured equal-area nets show the simplicity in the patterns of the 

headings and microjoints, suggesting a relationship between the two 

classes of fractures. These fracture classes are contrasted on the 

histograms of Figure 17. 
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Histograms comparing the orientations of microjoints and 
Note the similarities between the two types of fractures. 

The poles to headings from each sub-area are shown plotted in 

Figures 16B-16I. A northerly trend persists in sub-areas VII, VIII, 

and XV (Figures 16B, 16C, 16I). Headings striking northeast occur in 

all sub-areas except VIII (Figure 16C) and are best developed in XII 

(Figure 16F) where they strike approximately N30E. Northwester~y 

striking headings appear in all sub-areas. They are most prominent in 

sub-areas IX and XV (Figures 16D, 16I). Poles to headings striking 

east-west appear in all the plots but are not common. 
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Pegmatite dikes. Pegmatite dikes were observed throughout the 

crystalline rocks in the study area. These dikes are pre-Triassic and 

their interlocking granular relations with the country rock suggest 

they intruded the crystalline rocks during or subsequent to a late 

stage metamorphic event. 

The orientations of 60 pegmatite, aplite, and quartz dikes are 

represented in Figure 18 in which poles to planes have been plotted and 

contoured on an equal-area net. Figure.l8 shows that some dikes appear 

to be grouped along planes striking northeast. There also seems to be 

a clustering of poles to dikes that strike between NlSE and N45W. 

Figure 18. Poles 
to pegmatite, 
aplite, and 
quartz dikes 
plotted and 
contoured on 
equal-area net. 

contours: 2, 4, 6, 8 °/o 

n= 60 



The contoured plot of the pegmatite, aplite, and quartz dikes is 

not completely unlike plots of smooth joints (Figure lOA), microjoints 

(Figure 14A), and headings (Figure 16A). All are characterized by a 

high occurrence of steeply dipping planes that strike between NSW to 

N40W. The pattern of each of these fracture types also individually 

exhibits vague similarities with that of the dikes. 

Mineralized fractures. Several types of mineralization were 

observed on the surfaces of joints in the pre-Mesozoic rocks: calcite, 

epidote, zeolite, chlorite, and quartz. In particular a 1 to 3 centi­

meter quartz layer, that is cleaved perpendicular to its surface, has 

been found on fracture planes. Such layers appear to be remnants of 

quartz dikes and, since these features were not observed in any of the 

Mesozoic rocks, they may pre-date the deposition of the Mesozoic rocks. 

A possible contemporaneous feature has been pointed out by 
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Russell (1922). He discusses the occurrence of a great quartz lode that 

seals a segment of the Eastern Border Fault immediately north of this 

study area. Pebbles from the quartz lode are found in the fanglom-

erates immediately to the west of the fault. Russell (1922) therefore 

shows that the deposition of the fanglomerate postdated the quartz lode. 

He also points out that the lowest horizon at which these sediments are 

found is just below the "lower basalt sheet" (Talcott Basalt ?). 

Russell (1922) believes that the quartz lode was probably formed during 

the Appalachian Orogeny by heated magmatic waters. 

The poles to all mineralized fractures in the crystallines have 

been plotted on an equal-area net (Figure 19). Chlorite joints cluster 
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Figure 19. Poles to mineralized joints observed in pre-Mesozoic rocks. 



significantly between N20-60E. Weakly defined clusters occur at 

N50-65W and N65-85E. 

38 

More significant are the quartz surfaces which range in strike from 

N22E to NSOE. If the quartz-coated surfaces are Paleozoic features, 

then an inherent weakness existed along northeast striking planes 

before the Mesozoic fracturing occurred. 

Miscellaneous features. At one locality (Station 39, Figure 4) 

siliceous dikes, which intruded the Stony Creek Granite, form raised 

linear features that are due to differential weathering where they 

intersect the horizontal outcrop surface (Figure 20). Fractures occur 

along the centers of these dikes, parallel to their edges, and there 

appears to be a relation in origin between the development of these 

fractures and the formation of the dikes. The contacts between the 

dikes and the country rock do not show evidence of shearing. In 

addition, the interlocking crystals of granite and pegmatite show that 

the injections of these dikes occurred when the granite was in a some­

what ductile state. It is inconceivable that the granite was in this 

condition during the Mesozoic and these dikes are therefore considered 

to be of Paleozoic age. These features have been plotted on an equal­

area net in Figure 21 which shows that their strikes range from Nl8E 

to NSSE. 

At station 66 (Figure 4), microjoints and headings (Figure lSB) 

occur in en echelon form. The en echelon fractures illustrated in 

Figure 22, all strike between N69E and N75E. Two zones, possibly repre­

senting one en echelon system, strike N65W and N70W. A third zone, 

interpreted to be the conjugate of the latter two zones, strikes N55E. 



Figure 20. Fracture along center and parallel to edges of siliceous 
dike at station 39 in Stony Creek Granite. Due to differential 
weathering, dikes such as this appear as raised linear features on 
flat outcrop surfaces. 

Figure 21. Pole diagram of fractures along centers of siliceous dikes. 
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If this information is representative then a maximum principal stress 

axis (ol) trending approximately N70E is necessary to produce this 

fracture pattern. The minimum principal stress axis (o 3 ) must be 

oriented about N20W. 
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It is difficult to ascertain whether the en echelon fractures are 

the result of a Mesozoic stress system or were produced by an earlier 

Paleozoic event. The stress system necessary to produce these fractures 

may be compatible with the concept that the Eastern Border Fault is an 

extensional feature. 

If the Eastern Border Fault formed prior to the development of 

these fractures, strike-slip motion along the fault may have been induced 

by a northwest axis of extension operating obliquely to the strike of 

the fault. The Eastern Border Fault trends nearly east-west in this 

region. This could account for the orientation of en echelon fractures 

at Station 66. The en echelon fracture systems, however, may also be 

due to a Paleozoic stress system, in which case they would be unrelated 

to Mesozoic fracturing. 

Jointing in the Mesozoic Rocks 

The pattern of joints in the sedimentary and volcanic sequence 

(Figure 6A) is much simpler than in the crystalline units (Figure SA) 

as shown previously by the comparison of the two ·composite plots. 

Two nearly vertical sets of joints strike N40E and NSOW (Figure 6A). 

Two low angle sets strike NSOE, one dipping 45°NW and one dipping 

30°SE. The latter set corresponds to the attitude of bedding in most of 

the Mesozoic rocks. 



Histograms of sub-areas (Figure 23) display strongly developed 

northeast striking joints throughout the study area. In particular, 

N25-45E trending joints recur in all sub-areas west of the Eastern 

Border Fault. Equal-area plots of joints in each sub-area (Figures 6B-

6F) show considerable amount of variation in dips of fractures through­

out the Mesozoic rocks. This may be due to tilting of isolated fault 

blocks. 

In Mesozoic rocks there were no distinct classes of fractures 

except faults, which will be discussed in a later section. Significant 

classes of fractures, such as headings, microjoints, and smooth joints 

that are common in the massively developed granitic rocks, were not 

observed in the more anistropic sedimentary rocks. An attempt was 

made to investigate the development of common joints of various size 

classes in the sedimentary and volcanic rocks, but because of the lack 

of quantitative information concerning fracture lengths, this analysis 

proved not to be feasible. 

Mineralized joints. The majority of mineralized joints in the 

Mesozoic rocks strike northeast and dip northwest (Figure 24). These 

joints are coated with calcite, chlorite, and zeolite. Another well 

developed cluster of poles to mineralized joints in the equal-area net 

in Figure 24 represents predominantly calcite joints which are nearly 

vertical and strike between N70E and N90E. Northwesterly striking 

mineralized joints are not as common as those trending northeast and 

have chlorite and zeolite. 

Mineralized joints recorded in the crystalline rocks (Figure 19) 

resemble those in the Mesozoic, although there are few data points from 
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the crystallines. The chlorite, epidote, zeolite, and calcite 

mineralized fractures from the pre-Mesozoic rock units are most likely 

the result of Mesozoic fracturing. 

Comparison with Other Fracture Studies 
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Histogram frequency plots of joint data taken from Loughlin (1912) 

and Mikami and Digman (1957) are shown in Figures 25A, 25B, and 25C. 

The quadrangle locations of these studies is shown by the index map 

(Figure 25D). The data from the earlier studies is insufficient to 

show any meaningful trend that can be correlated with the results of 

this study. 

Considering the information available, some possible correlations 

of the fractures represented in Figures 25A and 25C can be made with 

the following fracture elements of this study: 

N70E 

N30E 

NlOE 

NlOW 

N40W 

microjoints and headings (Figure 17) 

all common joints (Figure 9) and headings (Figure 17) 

headings (Figure 17) 

microjoints (Figure 17) 

headings and microjoints (Figure 17) 

The number of joint orientations taken in the Mesozoic rocks by 

Mikami and Digman (Figure 25B) is too few to correlate with data from 

this study. However, there is a high occurrence of northeast striking 

joints which is compatible with the results of the present investigation. 

Conclusions 

1. A complex system of common joints in the pre-Mesozoic rocks shows 

variation between sub-areas. The majority of common joints in the 
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crystallines are nearly vertical suggesting that they formed after 

possible tilting. Fractures striking northeast in many sub-areas 

vary in dip, possibly indicating they developed prior to tilting. 

2. Microjoints form a simpler pattern than do common joints in the 

crystalline rocks. The two dominant sets of microjoints appear to 

have an orthogonal relationship. If microjoints can be related to 

fluid inclusions in the granitic rocks, then they may have existed 

as inherent planes of weakness or as tiny fractures before the 

Mesozoic fracturing took place. 

3. The headings are geometrically related to microjoints. There 

may be a genetic relationship between the two, but none was 

detected in the field. 

4. Several types of mineralization on joint surfaces are found in 

the crystalline rocks. The most consistently oriented are quartz­

coated fractures that may be Paleozoic features. If it is true 

that these are of Paleozoic age, then a pre-Mesozoic weakness in 

the crystalline rocks existed on northeast striking planes. 

The most abundant mineralization found in the pre-Mesozoic rocks 

is chlorite which occurs on joint planes corresponding to the 

prominent fracture sets in the Mesozoic rocks. 

5. Fractures along the centers of siliceous dikes injected into the 

Stony Creek Granite suggest a Paleozoic weakness along northeast 

striking planes. 

6. Common joints in sub-areas in Mesozoic rocks are most strongly 

developed along planes trending between N20E to N40E. These are 



similar in orientation to a set of common joints in the pre­

Mesozoic sub-areas. 
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7. Information obtained from earlier fracture studies is not suffi­

cient to indicate an extensive regional fracture system. To 

determine how the fractures of this study correlate with fractures 

in other parts of Connecticut, intensive investigations are 

necessary in these areas. 



MINOR FAULTS 

Since a fault is defined as a fracture along which movement has 

occurred, evidence for this motion was necessary in identifying the 

surface as a fault. The presence of slickensides, displacement of 

marker horizons, drag along the fracture plane, and the occurrence of 

fault gouge are the criteria used in identifying faults. If a fracture 

did not have any of these features, it was considered to be a joint. 

Two linear features associated with fault planes were recorded: 
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1) the trend and plunge of the slickensides and 2) the orientation of 

imaginary lineations lying in the plane of a fault at right angles to 

the slickensides called rotation axes. If the sense of displacement 

along the fault plane can be determined it is recorded in terms of a 

rotation sense looking down the plunge of this imaginary axis. The 

rotation axes on conjugate fault planes are parallel to the intermediate 

principal stress axis (o 2 ). 

Over 300 minor faults have been recorded in the pre-Mesozoic and 

Mesozoic rocks of this study area. Faults observed on each side of the 

Eastern Border Fault have been plotted and contoured on the equal-area 

nets in Figures 26A and 27A. Several sets of faults exist with a 

variety of motion patterns, suggesting a complicated stress history in 

this region. It is now necessary to investigate the nature of the 

motion along each individual set.of faults. 
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Figure 26. Diagrams of poles to faults with rotation axes in pre­
Mesozoic rocks. A. Contoured plot of all minor faults in pre-Mesozoic 
rocks. B-F. Poles associated with each maximum in A plotted with their 
respective rotation axes. 
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Figure 27. Diagrams of poles to faults with rotation axes in Mesozoic 
rocks. A. Minor faults plotted and contoured. B-G. Poles associated 
with each maximum in A plotted with their respective rotation axes. 



Faults in Pre-Mesozoic Rocks 

Figure 26A shows five distinct sets of faults in the terrain east 

of the Eastern Border Fault. In analyzing the motion vectors on these 

fault planes, each independent set has been isolated and the poles to 

these surfaces have been plotted with their respective rotation axes 

on an equal-area net (Figures 26B-26F). 
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Figures 26B and 26C represent the two northeast sets of faults 

with their rotation axes. The cluster of poles to each set of faults 

indicates both strike N45E, one dipping approximately BOSE and the other 

dipping about 40NW. Note that with a few exceptions, the rotation axes 

of each fault set form a cluster which trends between N25E to N45E, 

indicating almost all of these faults are dip-slip. The angle between 

the planes, determined by the approximate pole of each fault set, is 

about 78° (See Figure 28). 

The angular relation of the fault planes of each set and the 

coincidence of their rotation axes suggest a conjugate relation between 

the northwest and southeast dipping faults. However, conflicting age 

relations between these sets have not been found to prove they are 

contemporaneous. It should also be pointed out that movement senses 

were not determined on many of these fault planes. Of the northwest 

dipping faults, two are normal which is compatible with a conjugate pair 

interpretation. 

The planes, poles to planes, and rotation axes of each fault set 

are represented in Figure 28. Assuming a conjugate relation between 

the two sets of faults, the o1-o3 plane is nearly vertical, dipping 

about 80NE and striking NSOW. The minimum principal stress, 03, plunges 



av. pale 

~ 

~· • 
pole to dike 

Figure 28. Stress system determined from the orientations of the 
northwest and southeast dipping faults in pre-Mesozoic rocks (Figures 
26B and 26C) which are considered to be conjugate and normal. 
Relation between major diabase dike and faults is shown. 
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approximately JOSE. The intermediate principal stress axis is nearly 

horizontal, striking N40E and nearly corresponds with the approximate 

mean of the rotation axes. 

An interesting relation exists between the two northeast striking 

fault sets and a major diabase dike in the crystalline rocks, adjacent 

to the Eastern Border Fault, that strikes N40E parallel to the fault 

(Figure 2). Mikami and Digman (1957) suggest the dike dips 60NW as 

determined by the attitude of columnar jointing. The diabase dike and 

pole to the dike have also been plotted on the equal-area net in 

Figure 28. Although the dike does not accurately bisect the acute 

angle formed between the two fault planes, the orientations of 03 of 

the fault system and the pole to the dike are nearly parallel. This 

analysis suggests the possibility that the northeast sets of minor 

faults and the diabase dike, which parallels the Eastern Border Fault, 

developed under the same stress orientations. 

Other sets of faults in the crystalline rocks are also dip-slip 

with little lateral movement. Faults belonging to a N65W set have 

rotation axes that also indicate dip-slip motions with little lateral 

movement (Figure 26D) .. However, several fault planes, along which con­

siderable strike-slip motion occurred, are indicated by the steeply 

plunging rotation axes. Note that there are two normal faults with 

minor left-lateral displacements in this set. 
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The approximate mean of a fourth set of low angle faults is 

oriented N65W 30NE. Figure 26E shows that the majority of their rotation 

axes trend in the vicinity of N30W, plunging 30° indicating dip-slip 



faulting with a slight strike-slip component. The direction of dis­

placement was not determined on any of these faults. 
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A set of faults (Figure 26F) in the pre-Mesozoic rocks, striking 

NlOE and dipping about 85SE, shows dip-slip motion. One steeply 

plunging rotation axis indicates a fault plane with considerable lateral 

motion. 

In crystalline rocks, indicators on fault planes consistently 

show dip-slip motion with little lateral component. The direction of 

dip-slip motion has only been determined on two fault planes which 

strike N70W and dip southwest and one fault which strikes northeast 

and dips northwest. These faults are normal. No reverse faults were 

detected in the pre-Mesozoic rocks. The two northeast sets of faults 

are interpreted to be normal and to have a conjugate relation. The 

evidence indicating this is: 1) the acute angle between the two mean 

planes is 78°; 2) almost all of the rotation axes on these fault 

planes are nearly horizontal and form a well defined cluster, the center 

of which has approximately the same orientation as the intersection of 

the two mean planes; and 3) one fault belonging to the northwest dip­

ping set is normal. 

From this composite analysis of minor faults in the crystalline 

rocks, only the sets of faults striking northeast appear to have a 

conjugate relation. At some individual stations, however, northwest 

striking faults are interpreted to be conjugate as well as northeast 

sets and will be discussed later in the text. 



Faults in Mesozoic Rocks 

Six clusters of poles to faults (Figures 27B-27G) in the Mesozoic 

units have been isolated. Although many of these faults show dominant 

dip-slip movements, they have more strike-slip component than the 

faults in the crystalline rocks. 

Two northeast striking sets of faults are interpreted to be 

conjugate: N32E SOSE and N50E 70NW. In Figures 27B and 27C, the rota­

tion axes of these faults form a significant cluster trending about 

N38E. Those axes related to the southeast dipping faults plunge more 

gently than those associated with the northwest dipping set of faults. 

Normal faults do occur in each of these two sets. If these faults are 

considered to be conjugate normal sets, a northwest axis of extension, 

with 01 nearly vertical, is necessary to produce these fault patterns 

(Figure 29). 

Dip-slip faults strike N25W and dip 75SW (Figure 27D). Of this 

set, several normal faults with left-lateral components have been 

determined. However, this set also includes some faults showing minor 

and major right-lateral components. The majority of these faults are 

dip-slip. 

A N25E set (Figure 27E) includes normal, left-lateral faults, 

reverse right-lateral faults, and dominant strike-slip faults with both 

left-lateral and right-lateral displacements. Rotation axes on these 

planes are quite dispersed about. an approximate mean trending NOE and 

plunging 40°. 

Predominantly dip-slip faults occur on N65E oriented planes 

(Figure 27F) which dip about 65SE. A few of these faults are strike­

slip. No displacement senses have been determined. 

56 



overage pole 

~ to foulh 

average pole 

to~; {J3 

Figure 29. Stress system determined from the orientations of north­
west and southeast dipping faults in the Mesozoic rocks (Figures 27B 
and 27C). 
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East-west faults in Figure 27G show predominantly strike-slip 

motions along four planes. These faults were recorded at station 60 

(Figure 4) located on a basalt ridge, south of the ridge offset at the 

southern end of Lake Saltonstall. On a geologic map (Figure 3), 

several major strike-slip faults with left-lateral displacement have 

been inferred (Sanders, 1970). Also within this cluster of poles to 

faults, there is a reverse fault with minor right-lateral component and 

several dip-slip faults with more or less strike-slip component. 
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Faults in the Mesozoic rocks show more variability in their motion 

patterns than do faults in the crystalline rocks. The orientations of 

rotation axes on these faults show more strike-slip component than 

rotation axes on faults in the crystallines. Two sets of northeast 

striking faults are interpreted to be conjugate. Indications of move­

ment sense show many of these faults to be normal, thereby implying 

horizontal extension (and vertical compression). Other sets contain 

faults predominantly of normal motion, possibly indicating horizontal 

extension. 

Faults at Sub-areas 

The minor faults in the preceding section show senses of dis­

placement that are predominantly normal. Other faults with no indica­

tors of movement sense are considered to be normal because 1) their 

orientations are sub-parallel to·known normal faults, 2) their rota­

tion axes are similarly oriented, and 3) their angular relation is 

about 60°, with the acute bisectrix being nearly vertical. 
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Assuming normal motion along dip-slip faults, horizontal extension 

is interpreted to be responsible for the majority of faults observed in 

the crystalline and ~fesozoic rocks of this study area. Two sets of 

northeast striking faults, dipping northwest and southeast, indicate 

northeast-southwest extension. 

Faults observed in each sub-area were analyzed as groups if the 

amount of data was sufficient. The stress systems necessary for the 

fault patterns at each sub-area are plotted in Figure 30. Two distinct 

orientations for the minimum principal stress axis can be seen. A 

northwest-southeast trend of 0 3 indicates extension along that axis and 

is likely to be responsible for northeast trending normal faults. 

Sets of northwest striking normal faults indicate a northeast-south­

west extension and trend for 03. 

Throughout the study area, 0 1 appears to be consistently oriented 

in a nearly vertical position. At some sub-areas, where two stress 

systems are required to explain the fault patterns, 02 and 03 appear to 

swap orientations. Reverses of 0 2 and 0 3 indicate stress redistribution. 
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Figure 30. Principal stress orientations that explain the observed 
patterns of faults at each sub-area. 
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DIABASE DIKES 

Three diabase dikes dipping at intermediate angles were observed 

in the study area. Two dikes intruding pre-Mesozoic rocks (Stations 42 

and 45, Figure 4) dip to the east and one dike intruding the New Haven 

Arkose (Station 40, Figure 4) dips to the west. All are represented in 

Figure 31 on an equal-area net. Not one cross-cutting relation was 

found between a minor fault and any of the dikes. Although joints were 

observed in the diabase dikes, none extended into the country rocks. 

station 45 

0 station 42 

1::::.. station 40 

D 

Figure 31. 
Poles to minor 
and regional 
diabase dikes 
plotted on 
equal-area net. 

o pole to dike 1n pre- Mesozoic rock 

6. pole to dike 1n Mesozoic rock 
o pole to regional dike 
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DISCUSSION 

Faults in Mesozoic and Pre-Mesozoic Rocks 

The system of minor faults in the Mesozoic rocks bears a 

resemblance to that of the minor faults in the pre-Mesozoic rocks, even 

though there is considerable azimuthal variation between each well 

developed maximum. The resemblance in the pattern of faults in 

Mesozoic and pre-Mesozoic rocks suggests that similar stress systems 

are responsible for brittle deformation. The difference in fault 

patterns, however, can be explained by the following considerations: 

1. The Mesozoic rocks behave in a more anisotropic manner than 
the massive crystalline rocks. 

2. The stress sytem acted on the deeper basement rocks and 
could be re-oriented as it was transmitted into the over­
lying sediments. 

3. Tilting of fault blocks very likely occurred in the Mesozoic 
basin and the fault pattern does not indicate the true stress 
system imposed on the region. 

Relation Retween Faults and Joints 
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Many fracture studies have shown that in a particular area fault-

ing is somehow related to the system of joints that has developed. 

Faults are known to develop along pre-existing fracture planes. Donath 

(1962) shows that an earlier system of strike-slip faults provided 

planes of weakness along which dip-slip movement later occurred. McGill 

and Stromquist (1974) demonstrate how an orthogonal system of joints 

plays a role in graben development in Canyonlands, Utah. 

Jointing and faulting may also be related to the same stress 

system. Extension joints are known to develop perpendicular to cr3. 
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Price (1966) has illustrated the formation of vertical orthogonal 

joints after the development of normal faults. The joint system may, 

however, only have developed recently, caused by topographic expansion 

due to erosion of material. Chapman (1958) and Chapman and Rioux (1958) 

have shown that jointing can occur after rock material has been removed 

by glacial activity. 

It is now necessary to discuss the fault patterns in relation to 

the systems of other fracture elements. 

Pre-Mesozoic rocks. The most notable similarity between the 

various fracture elements is shown in the sets of vertical faults 

(Figure 26A), smooth joints (Figure lOA), microjoints (Figure 14A), and 

headings (Figure 16A) which strike NlSW. There also may be some 

significance to the coincidence of weakly developed maxima seen in the 

plots of all common joints (Figure SA) and all rough joints (Figure 12). 

Aside from the northerly striking fractures, the systems of smooth 

joints, microjoints, and headings are entirely different from the 

fault patterns. 

It is therefore postulated that smooth joints, microjoints, and 

headings occurred prior to faulting which developed during the Mesozoic. 

It is also suggested that the northerly striking faults developed along 

pre-existing fracture planes. Weakly developed joint sets, such as 

exhibited by rough joints (Figure 12) which coincide with fault 

maxima, may have provided favorably oriented planes of weakness along 

which faults developed later, but evidence for this is lacking. 

Mesozoic rocks. Two seemingly orthogonal joint sets (Figure 6A) 

may be related to the northeast set of faults (Figure 27A) in the 



Mesozoic rocks. The joints may very well be extension joints similar 

to those described by Price (1966). From the existing evidence such an 

interpretation would not be justified. 

Regional Considerations 

Recently, similar studies have been carried out in other parts of 

the Mesozoic Basin in the Connecticut Valley. Fracture investigations 

in Meriden, Connecticut (Wise et al., 1975) show a predominance of 

northeast strike-slip faults. In the Mount Holyoke area, Massachusetts 

both dip-slip and strike-slip faults have been observed largely on 

northeast striking planes (Naso, 1975). Goldstein (1975) reports a 

complex system of strike-slip and dip-slip faults in the Turners Falls 

area, Massachusetts. Northeast striking faults show left- and right­

lateral displacements. Both normal and reverse dip-slip faults have 

also been observed on northeast striking planes. Northwest striking 

faults show right-lateral displacement. 

A discrepancy obviously exists in fault motion patterns between 

the New Haven area and the rest of the Connecticut Basin to the north. 

To explain this, Wise et al. (1975) have advanced the idea that the 

trend of the Eastern Border Fault plays an important role in the devel­

opment of minor fault patterns. 

In the New Haven area, the Eastern Border Fault strikes between 

N40E and N75E. A northwest axis. of extension acted perpendicular to 

the Eastern Border Fault, creating normal faults with very little 

lateral component. 
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In areas north of this study area, where the Eastern Border 

Fault attains a more northerly strike, a northwest axis of extension 

acted obliquely to the Eastern Border Fault. This would induce a 

strike-slip component on the fault. Stresses would become re-oriented 

in the Connecticut Basin such that al is compressive in a north-south 

direction, a2 vertical, and a3 nearly horizontal and striking east-west. 

Evidence indicating the directions of principal stress axes in 
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the crystalline rocks of northern Connecticut and Massachusetts is lack­

ing. No intensive fracture studies have been made in the pre-Triassic 

rocks. However, the northeasterly strikes of major diabase dikes 

suggest that the minimum principal stress axis is oriented northwest. 

These dikes are considered to be contemporaneous with the deposition of 

sediments and faulting during the Jura-Triassic. 
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CONCLUSIONS 

1. The use of a computer-based information system greatly facilitated 

the analysis of fracture data and made it possible to study this 

information in greater depth. 

2. Some fracture elements show more consistency in orientation than 

other elements. They are: smooth or polished joints, micro­

joints, and headings. All have distinguishing characteristics and 

are systematically oriented at the outcrop level. In future field 

investigations, more emphasis should be placed on recording these 

elements in preference to nondescript common joints. 

3. The analysis of jointing shows that there is a structural grain 

in the crystalline rocks that may have existed prior to the 

Mesozoic and may be related to the deformational history of the 

Paleozoic. 

4. A northeast structural weakness, possibly Paleozoic in origin, 

exists and may have controlled the present pattern of faults 

which formed during the Mesozoic period of fault activity. 

5. Movements along the northeast striking minor faults in the 

crystallines show a consistency in dip-slip motion with little 

lateral component. Many of these faults have indicators of being 

normal and others are probably normal. This further strengthens 

the concept that the Easte~n Border Fault is an extensional 

feature. Northwest sets of minor faults, which are also dip-slip 

and probably normal, imply extension along a northeast trending 

axis and indicate stress redistribution. Minor faults in the 



Hesozoic rocks also show northwest as well as northeast extension_, 

but there is more inconsistency in their strikes and more varia­

bility in the orientations of their rotation axes. This is 

probably due to a redistribution of stresses and tilting on 

individual fault blocks. 

6. The minor faults in southern Connecticut are distinctly different 

from those observed in the rest of the Connecticut Valley. In 

the northern part of the Valley, there is considerable strike­

slip faulting, whereas in this study area, fault motions are 

almost entirely dip-slip. This difference is attributed to the 

northeasterly trend of the Eastern Border Fault near New Haven, 

which attains a northerly strike in the central and northern 

sections of the Connecticut Valley. 
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APPENDIX I: DESCRIPTION OF COMPUTER DATA-BASE SYSTEM 

The data-base system used for analysis of information during this 

research project consists of three parts: 

1. Data collection recording the information in the field 
using a format compatible with the computer. 

2. Data storage and retrieval -- storing the field data in the 
computer system and searching through the raw data to extract 
the desired information. 

3. Data display -- representing the data in a form that can be 
easily assimilated by the geologist. 

All programs are written in FORTRAN and were used on a CDC Cyber 74 

computer at the University of Massachusetts, Amherst. 

Data Collection 

Field information was recorded as codes on forms that were trans-

cribed to computer cards by keypunching. The data forms used in this 

study are modeled after Pferd (1975) who has developed a system for use 

in collecting and analyzing detailed structural data in metamorphic 

terrains. The data forms were revised to accommodate the necessary 

information recorded in this study. 

Each form contains 73 boxes or spaces in which to place coded 

information. One alphabetic or numeric character may be placed in each 

box. The boxes correspond with the columns on a computer card. 
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Three separate forms (Figures 32-34) were used to collect fracture 

information in this study: 1) the general data form; 2) the planar 

data form; 3) the linear data form. Each is printed on a different 

color paper for easy recognition. An integer code in box 1 of each form 

distinguishes the data type after the information has been keypunched 



Size 
r<r:n. 
2 l-5o. 
3 5-l¢!!!. 
4 1¢-2¢m. 
5 2~5¢.n, 
6 >5¢m, 

AuxiliAry infomation 
1 eketch 
2 photoeraph 
3 sae1ple 
4 eeparate eheet 

1oint develoP!9nt 
1 vary massive 
2 slighted jointed 
3 moderately jointed 
4 well jointed 
5 very well jointed 

Notes• 
~. sketches, or 
important informa~ion 
that docs not fit into 
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onto cards. These codes are: 1 for general data, 3 for planar data, 

and 4 for linear data. These particular codes were chosen in order to 

be consistent with Pferd's coding of data forms (1975). 

Since all geologic data is associated with a location, boxes 2-5 

have been designated for recording a four digit station number. The 

last two boxes (72-73) are reserved for a two digit page number. Page 

numbers are useful in keeping the data forms in sequential order. In 

addition, the page numbers are extremely useful when the computer 

cards become disarranged. The order can be restored by using a card 

sorting machine. 

General data form. The general data form (Figure 32) accommodates 

descriptive information recorded at each locality. It serves three 

functions: 

1. T0 record general information describing the outcrop. This 
information is preserved as codes and is stored in the com­
puter system. 

2. To record written comments without the restriction of codes. 
This information can be stored in the computer system. This 
section served the additional purpose of recording informa­
tion that could not be entered on the planar and linear data 
sheets. 

3. To record drawings and sketches. This information cannot be 
stored in the computer. 

Planar data form. Features described as surfaces are recorded on 

the planar data form (Figure 33). Note that for each feature seven 

groups of boxes are used. 

The A code denotes the type of feature and is recorded in the A 

column. A list of planar features and corresponding codes found in this 

study area is located on the left-hand side of the page under A=SURFACE 

FEATURE. The list is self-explanatory. 



Figure 33. 

PLANAR DATA CODES 

,-,,1 c.1 \1, nArL'I>T 
CARACTER CODES ~ll -b;:;J~j I~-~-/fol L1t inn 

I '~m<m joint 
6 dlke/vein 
7 axial plane 

lit calcite 6 zeollte C plu1110ae 

.:. f.lti!t 8 slip cleavagl.'-
1 chlorite 7 quartz/chlorite D brecciated 

I h·· 1Jin~ 9 topographic plane 
A quarry feature 

2 epidote 8 zeolite/chlorite E featureless 

0. coL1:1n..tr joint 3 Fe-stain 9 other F calcite/c:hlor!tc 

S tabul;lr lncluslon B microjoint 
4 pyrite A smooth G weathered 
5 quartz B rou~h H altered 

1\•R(}('I'. n'PE 

u~e rock. type codes 

c~DF"il'RJPTURS 

when i\"'0: B•l 1:1assive 
QUANTITATIVE CODES 
0 0 0 JOcm. Q 30m. 

R 40m. 
s SOm. 
T Ita. 
u z~. 
v s •• 

2 faintly bedded/foliated 
J moderately bedded/foliated 
4 1o1ell bedded/foliated 
5 extremely well bedded/foliated 

1 lcm. 
2 Zcm. 
J Jc11. 
4 4Clll. 
5 Scm. 
6 6cm, 
7 7cm. 
B Bcm. 
9 9cm. 
A IDem, 
B !Scm. 
C 20cm. 

A"'l-q, B uae char~cter codes 

AmS-6 use rock type codes 

,\ .. 7-8 B•blank 

,\•9 B• 1 slope of topography 3 quarry wall 
2 cliff face 4 road cut 

A""A B• 1 rift 2 grain 3 hardway 

Ql•TYPE OF HEASUREMF.NT FOR 92 
1 lcrfgth of surface in outcrop 
2 thickness/dilation distance 
3 distance to next coplanar surface 
4 distance to next cocharacter surface 
5 distance to next coacalar surface 
6 vertical dhplaceaent on fault 
7 sp.adng within joint zone 

Q2"' HE.ASURIJ1ENT VALUE 
use quantitative codt!t'l 

STRIKE )60° azimuth taken with dip to right 

OIP angle of inclination 

ROCK TYPE CODES 
A gran.=.te 
B gneiss 
C aaphibolite 
D schist 
E quartzite 
F sandstone 
G shale 
H congloc.erate 
I basalt 
J pink peg:u.tite 
K white pegaatite 
L pink aplite 
H white aplite 

E 40cm. 
F 5-0cm. 
G 6Scm. 
H 80cm. 
I lm. 
J 2111. 
K 4m. 
L 6111. 
H S.. 
N 10m. 
0 1.5!:.. 
p 20m. 

W 7 .SIDIII. 
X gr. SOm. 
Y na.Jl 

undetemined 
Z large 

undeternined 

N pegmatite (undifferentiated) 
0 aplite (undifferentiated) 
P quartz pod 
Q quartz dike/vein 
R gneiss inclusion 
5 ac.phibolite inclusion 
T schist inclusion 
U quartzite inclusion 
V I!Landstone incl~ion 
W ahah inclusion 
X conglomerate: inclusion 
Y diabase dike 
Z tuff breccia 

TAG letters frOfll A-Z; nuaber from 0-9; asterisk (*) for d•ta continued 
- on next line. 

1. footnote for ccn.ent on GrNERAL data sheet. 
2. give lineations IIIHitl TAG as associsted plane. 
3. for up to 2 11ore lines of C codes 4nd up to 6 110re lines 

of Ql and Q2 codes. place asterisk (*) in TAG coluan 
preceeding each line of additional dst•. 
a) no * in last line of data. A TAG letter or nuaber 

may be entered here. 

Planar data form. 

PLANA R DATA ~1 
Station number U_L_Ot> 

A B c Ql 02 STRIKE DIP 

OOOITJIIIIITJ 
OOOITJIIII[IJ 
OOOITJIIIIUJ 
OOOITJifliiTJ 
OOOITJIIIIITJ 

TAG 

[16 

[]27 

038 
049 
060 

0 0 0 [IJ I I I I ITJ 07, 

paga number [IJ73 

-...J 
f-' 
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The type of rock in which the fracture occurs is recorded in the 

B column. A list of possible rock types with respective codes is pro-

vided under ROCK TYPE CODES. 

The information recorded in the C column is given under C= 

DESCRIPTORS. The surface feature is dependent upon the type of planar 

element being recorded. As can be noted on the data form, the C code 

may have a different meaning with each planar type. If bedding in a 

well-bedded sandstone is recorded, then A is 0, B is F, and Cis 4. How-

ever, a chlorite coated joint observed in granite is recorded: A is 1, 

B is A, C is 1. The C code, in this case, is found under the list of 

CHARACTER CODES, 

Quantitative information is accommodated in the Ql and Q2 

columns. The code recorded under Ql indicates the type of measurement. 

Under the heading Ql=TYPE OF MEASUREMENT FOR Q2 a list of seven 

measurement types is provided. The measurement value is recorded 

under the Q2 column as a code that is found in the list with the head-

ing of QUANTITATIVE CODES. 

The STRIKE is recorded as an azimuth from 0-360°. When the 

orientation of a planar element was measured in the field, an azimuthal 

compass was used. The azimuth of the strike was measured with the dip 

of the plane to the right as a convention. In this way the strike and 

dip can be measured and recorded unambiguously, using only five digits. 

The TAG column serves three purposes: 

1. It can be used to footnote a particular field measurement by 
using a number from 0-9 or a letter from A-Z. The field 
measurement can then be described in the notes section on 
the general data form by referring to this label. 



2. The TAG is also used to relate a linear feature with its 
related planar feature. It was frequently used to keep track 
of slickensides with the fault planes on which they were 
observed. 
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3. An asterisk (*) in the TAG column is used to indicate that 
additional C and/or Ql and Q2 codes are recorded on the follow­
ing line. Up to three different C codes and up to seven 
types of quantitative measurements may be recorded for each 
data point. 

Linear data form. The linear data form (Figure 34) accommodates 

elongated features. This form is structured in the same way as the 

planar data form. A list of linear features observed in this study 

with corresponding codes is provided under A=LINEAR FEATURE. The code 

for the linear feature is placed under the A column. The codes placed 

in the B, C, Ql, and Q2 columns take on different meanings when a 

different A code is used. The various codes and their meanings are 

self-explanatory on the data sheet. 

The TREND of a linear element is measured as an azimuth in the 

down-plunge direction. The PLUNGE, of course, is the angle of inclina-

tion of the linear element with a horizontal plane. 

The TAG is used in the exact manner on the linear data form as 

it was used on the planar data form. It is used to footnote, to label 

related measurements, and to denote a line of continuation. 

Versatility £f the data forms. The codes on each data form may 

be changed to accommodate information from other types of geological 

studies. To ensure compatibility with the data-base system, several 

restrictions must be observed when modifying these data forms: 

1. The same general format must be used. 

2. The data type codes must remain the same. 1 for general data, 
3 for planar data, and 4 for linear data. 



LINEAR 

,\,Lf~t::AR FEATURE 
~~ 

2 coL.Jtiun axis 
J slick"'nsLJe 

plumos.: :>tructure 

DATA CODES 

fi'*t>i-.SCRIPTORS 
QUANTITATIVE CODES 

~ill'-'ll i\"'1 Jl::zfold type: drag on fault 
chevron/kink 
isoclinal 
concentric 
broad warp 

.\"'2 B•certainty code for 1 excellent 
rotation senge: 2 good 

3 poor 

A=J B•fault movement 1 strike-slip 
direction: 2 oblique-slip 

3 dip-s lip 

A•4 B•blank 

0 0 
I lcm. 
2 2cm. 
J Jcm. 
4 4cm, 
5 Scm. 
6 6cm. 
7 7cm. 
8 Scm. 
9 9cm. 
A lOcm. 
6 !Scm. 
C 20cm. 

C,.,:.tOVEM.ENT SENSE/PROPAGATION DIRECTION 
when 4""1 2 C•rotation sense: 1 clockwise 

A•3 C:c:fault motion 
sense: 

(for combi­
nations see 
TAG) 

2 counterclockwise 

l normal 
2 reverse 
3 right-lateral 
4 left-lateral 

5 up on N 
6 up on E 
7 up on S 
8 up on W 

JV..a4 C::propagation direction U stem up plunge 
of plumose structure: D stem down plunge 

Ql•MEASUREMENT TYPE CODE FOR Q2 (see TAG) 
1 wavelength of fold 
2 amplitude of fold 
J net displacement on fault 

Q2•MEASUREMENT VALUE 
use quantitative codes 

TREND azimuth of lineation pointing down plunge 

PLUNGE angle of inclination 

TAG letters from. A-Z; nlllllbers from ~-9; 
asterisk (*) for data continued on 
next line. 

Figure 34. 

Uses: 1 footnote for colJIRient on GENERAL data sheet. 
2 give lineations same TAG as associated plane 
3 for up to two more linea of C, Ql, and Q2 codes, 

place asterisk (*) in TAG column preceeding each 
line of additional data. 
(a) no • in last line of data. A TAG number or 

letter may be entered here. 

Linear data form. 

D 30cm. 
E 40crn. 
F 50 em. 
G 65cm. 
H BOcm. 
I lm. 
J 2m. 
K 4m. 
L 6m. 
M Bm. 
N 10m. 
0 15m. 
p 20m. 

Q 30m. 
R 40m. 
s 50m. 
T lllml. 
u 2~mn. 
V S~m~. 
W 7 .Sin!Il • 
X gr. SOm. 
Y small 

undetennined 
Z large 

undetermined 

LINEAR DATA El 
Station number n- 1- r ·10 

A B C Ql Q2 TR EN 0 PLUNGE TAG 

D D D ITJ I I I I LIJ 016 
D D D ITJ I I I I ITJ 027 
D D D ITJ I I I I ITJ D3a 
DDDITJiliiiTJ 049 
D D D ITJ I I I I ITJ D 60 

D D D ITJ I I I I ITJ 071 

page number ITJ73 

'-..! 
~ 



3. Only measurement type codes are permitted in the Ql column. 

4. Only an integer between 1 and 7 or a blank may be recorded 
under the Ql column. 

5. Only integer values may be recorded under STRIKE and DIP. 

Data Storage and Retrieval 

After the data has been keypunched, the cards can be copied onto 

a storage device within a computer system where they reside as a data 

file. The data file can then be referred to as many times as desired 

by using a computer program. 

Data files. There are three types of data files used in this 

data-base system. The first type is a primary data file and corres-

ponds to the raw data on the field forms (Figure 35). Program SORT 

searches the primary or raw data file and extracts the desired informa-

tion which is copied to the storage device, thus creating a secondary 

file in the computer system. 

A listing of a secondary data file is shown in Figure 36. The 

first line of information indicates the number of sets of data in the 

file. Each set is preceded by a header containing information about the 

data set. The following information is contained within each header: 

the number of data points in the set, the data type (planar or linear), 

an instruction to plot or contour the data (if it is to be represented 

on equal-area nets), and the title of the set. The header information 

is vital in that it affords uninterrupted output from the computer 

when executing data display programs. 

Finally there may be files containing station numbers (Figure 37). 

These files indicate how sampling localities are to be grouped and 
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3 112HJJ18777 121 18977122 29'277 12t-\III847(, 12H 213271 12HJK28074 I 
3 !!2H 33535 22 28265A12HIJ29174 12H 01757 82HIJI9372 12H 17070 2 
3 122103384713 22 ID24775C 22HIJ223S4D 3 
3 122GIII8765E 22 IA35278F 22GIF32485G 4 
3 J22HIDI9777H 22HIB30426I 22H1521080J 5 
3 122GIE317731( 22El524044L 22F.IG00~·tl:1 6 
3 122Ell23268N 22Hl431522082HlJ20058 221 31339P 7 
3 1221 00,62Q 22HIJ02277R 22CIKI985SS 8 
3 I22Hil.032b5T 22E1D02260U 22 IE3506(l,V 9 
3 122E!D01660W22HIL20060X 22 1l35068Y 10 
3 122HJJ35035Z 22HIA349600 2241ZIS090* 1-1 Ill 
3 182G1L2C059* 22 22GIJ3563221221L20653 221JLI92663l221K20951 12 
3 122H!N180704 22 1!174675 22Eif335Hl6 13 
3 21261220569 120 20231 1281c!08585 12E 1945412111043.33 1283C20563 I 
3 2J2H!F03845 12:-11320670 12E1FI4569* 3A 12EII21069 J?E.Jl2(1264* 2 
3 2 3f 12LlEI0287 12LIJ22960 12EIE25531 12RIJ19657fii2RIKI<J26(;8 3 
3 212Sll20166CI2L 35420 12T1L20271 12HlE015<'34 I:?.LJGI9955 l2TJK20570* 4 
3 2 3C 12SIL20372D12EIK20557 12ElH25283 1211J2026'l* F. 5 
3 2!2HJF00715 12EIL20257 12U1502020>1< l 12UIK09213l* I 6 
3 212E1EI5347 1211l 8038 12E1FI1276 22ElFJ8072E:I2JJ020562 12Kl1224ll0 7 
3 222EJEI6570F22L 18983G22C1I 183Lt5H 8 
3 212TI8:?7388 22T 19468122 1F00378J22HIFJ8276K12F. 0:'!162 ;:?EJDI6976 9 
3 222l 20(169L22HIF18584'122 ll19178N22 198580'32H1FI9272 10 
3 222E 21969P II 
3 222T 24274Q22 18885R12H1El7484 12H 19480 J2HJ42i570 12 
3 322EIJ33860AI2 IJ30403 12 1J29909 12GIK21372 127lf{200i35 122 18353 I 
3 31P8J.J~3QR~\ JPI*l.I19';J'!~ !2B!J!95g5 !~Sli3C2G:, ~2:3~~3?:-,;]l~ ;-.c.o;;~~t~·,;,b c: 
3 32?4i020(,713CI8 IA19:'111 1? llf~<;CJ0R 1?G!r>2:<"7~· '27:_:: ·.-::_; ;:c;:;7..;;.:, 3 
3 3!2811\26939 1201F31266 1201K22773 1201A35063 121!1Z22<'(l4022 0.3'Jfl7f: ll 
3 322EIEI9460F22 1K19668G 5 
3 402 1707 02 4210 62 3J34576 16 IN17076 16 JCI9l90 !221F 613'30 
3 422 1J01173Al601E11532 32 1L22555 22 IK21783822 IK05079C!2EII01S.S5 2 
3 422F. 20075022E 04070E22 IF 1272FI221!06587 l2Ell 192S6 3 
3 412f:3J(J05.10 18E:2801675 :;:2 1815775G?2 IJ00977H122JJ03381 22 !PJ94~1I ~ 

3 422G 22051J22Tll 17977K32 03090 22M 00276L 5 
3 412 20fJiHJ 12 IJ00280 22 lt<l00570.'122 34878N22BILI55750 6 
3 422M lf3855PI28 18582 22N 21065Q 7 
3 5!6H!421242 265!D01227A2651D1041882r, IL21835CI60JI20679 16 1Kl8187 I 
3 516811 1503fl 1611! 11065 1601! 13085 26 051760!60JJ07089 161JJ2'1~8 2 
3 526 !625384E26 233.!l5F 161 2463 I 26 IJ35377G 3 
3 526 t017085H26 014301 4 
3 60(,2 0!010 26 IN20244 1601A20275 I67JJJ7878 16 lcll9581?' 161!1<34588 1 
3 6!671K22236 1671K 1277 1671K 3279 26 IL00061/'160!.J2~H-:63 JG8H2!075 2 
3 626a!A 3659826 IL23280C26 2086D 3 
3 6267U21731E16 IJI2688 16BJG'I9383* 2U 0 5210 2 2P-582F 4 
3 72241Z22782A 22HIJ058898 2?BIICo'l284Cl2 226tl0 I 
3 7128 21382 128 21377 22Kllfl4385D!28 24-~87 I?B 22752 128tr'l12377 2 
3 712 JJ21381 1281KIV1ll37 22HIZ213BIE2231L23187F1211I 1'/259'' B 3 
3 712H 26552 12Bit'106984 128 17318 1281Jl2180 22BlGI25'1?GJ28JI22780 4 
3 71211Jl9338 12BIJ115'.10 22B!N23582* 9 22111Z?l271H2i~8!Z2:.<2l'l7I 5 
3 7!281ZI9884 2281L2258.'dl2 IZ2248G 12f1H,22486 220 ~'3188i\22 ~142S9L 6 
3 72281ZI:13389Ml28 0<1186 !2BID0Ll480 l21JtR041G9 22BJLC39G8Nl2B 05055 7 
3 722 0379002211 03590P2241Z22e39E:22 1L03166R2 ?.45B9S 8 
3 7 22 0 I 68 3T 9 
3 8023 35606 12HII-I 4285 12H1G23285 22FlCJW/86Al2K1"219f35 22F!Cl55658 I 
3 81251H21679 22BIC20982C22 IJ34213DJ2Bli3:<180 2 
3 13i2H!Kl26./8 12BIJ00588 12BIG225138 J2HlJI9459 !2Hl1<~2979 J2H!I22385 3 
3 8i271T 9089 2231C 8286E121-f!l.22989 12r!IB284<'il 227!f( 509Gn:27!K14%8G 4 
3 BI271I 4239 22 1L24676H!2BIK22560 22 IJ06R76ll281L23280 22 !K23117W 5 
3 8 2281M2346Jf(J2Eli-133947 22 2~285L 2?. 2f'l'785i'1 6 
3 B22C1621837P22CIC2091J3N82H IL242760!241C:3545'30 Fl 4 2397'3P 1 
3 8 12C1A 1926 122HU03B4 22 IL23188R22 !JI'746'~~·1281HJ9.'i4'JT '3 

Figure 35. Listing of sample raw data file 
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3 
2 12 9 NA SUB AREA I 24 3 PLOT ~;.uARTZ JOINTS I 

211'5 23968 2 
2JfAS 26665 3 
21FS z 24660 4 
2 IF 5 z 26073 5 
2JFS 27542 6 

121DA5 262c::7 1 
161H 5 z c 30345 8 
~21ZS 20380 9 
22 IZElS 18255 10 
221Z 58 25065 I 1 
221Z 5B 17570 i2 
221ZSA 19060 8 9 NA Sl!B AREA 2 221ZS 12066 13 
221ZS 18188 14 
231f5 17982 15 
291ZS 30562 16 
29 IDS u 32647 17 
29 IDS ll 319 38 18 
291DS u 31744 19 
29105 33552 20 
29 1053 z G 31 06? 3 9 NA SUB AREA 4 36 II 5 16560 21 
38 II 5 19 562 22 
38 II 5 C 2M.172 23 

7 3 PLOT OTHER <MISC.> JOINTS 
17 1 F'Z 2 19R AI Figure 37. Listing of a 
I71FZ 19 f-7~ station number file. 17 IFZ 18758 
171FZ 20572 
17 1fZ 20470 
I 71 FZ 4313 6 
171FZ 19 550 

Figure 36. Listing of a 
secondary data file. 



correspond with sub-areas or domains which are decided by the geologist. 

Station number files are read by SORT when the user wishes the location 

parameter to be automatically defined during program execution. 

In this data-base system, file names may be no longer than six 

characters. The names must begin with a letter. The other characters 

may be letters or numbers. The following names are legal: JOINTS, 

F360, STAl. The following names are not permitted: MINJNTS, 4FAULT. 

Program SORT. SORT searches through the primary or raw data file 

and extracts the data points that the user wishes to analyze. Before 

SORT reads the primary data file it is necessary to indicate what data 

are to be extracted. This is done by specifying the following para­

meters through interaction at the computer terminal: location (station 

numbers), TAG, A, B, C, Ql, and Q2 codes (Figure 38). Any of these 

parameters may be bypassed by typing $$ when the input is requested. 

These parameters define a filter template which tests each data point. 

If a match occurs between the codes of the filter template and the 

codes identifying each data point, the data point is written into a 

secondary file. 
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Samples of interaction between the user and the teletype are pro­

vided in Figures 38-41. Note that the user may choose the location 

parameters during program execution at the terminal (Figure 38) or 

automatically select the station numbers if they reside in a file. The 

option to read an existing station number file, from which the localities 

are automatically specified,is illustrated in the sample program run in 

Figure 39. 



Figure 38. Sample of interaction during execution of SORT when 
station numbers are defined at the terminal. 

NAi'lE OF RAW DATA FILE 
? PLDATA 
NA'lE OF FILE TO BE CREATED 
? JOINT! 
kEAD STA NOS FR01~ FILE OR TERMINAL 
1YPE F/T TYPE 1'$$" TO BYPASS SORT BY STANO 
? T 
INPUT STA NOSJ TO BYPASS SORT BY TI4G TYPE "$$" 

TO END l'l'PE "0" ZERO 
STANO 
? I 
TAG 
? $$ 

STANO 
? 0 
INPUT FILTER TE.'1PL14TE TO BYPASS CODE TYPE "$$" 
A CODE 
? I 
B CODE 
? $1> 
C CODE 
? $$ 

.'1EilSUfiE.'1ENT T'l'f'E CODE TO BYPASS T'r'FE "W' 
? 0 
A'JOTrlER TE:-IPLATE FOR THl S SET? 
? N 
NO. MEAS. = 88 
PLOT OR CONTOUR DAT/4 FLOT/CO:H 
? CONT 
T'l'fE TITLE OF DATA SET---20 CHAR 
? JOINTS AT STA I 
I=NOTH Ef, SET OF DATA? YIN 
? y 

(continued on next page) 

79 



Figure 38 (continued from previous page), 

SA."'E RAW DATA FILE? Y/N 
? y 
.SA.'1E. FlL TER TE.'1FLATE? Y /N 
? N 
BY PASS STA NO SORT? Y /N 
? N 
Sit"lE STA NOS· Y /N 
? N 
lNf'lJT STA NOSJ TO BYPASS SOf\T BY TAG TYPE "i~" 

TO END TYPE "0" ZERO 
STANO 
? 2 
TAG 
? $$ 
SlA NO 
? 3 
TAG 
? $$ 
STA NO 
? 0 
IN~U1 FILTER TE.'1fLATE TO bYPASS CODE TYPE"$$" 
A CODE 
? 1 
8 CODE 
1 $$ 

C CODE 
? $$ 
1'1EASURE.>1ENT ltf·E CODE 10 BY PASS TYPE "0" 
? 1 
LOWEf.. Llt'111 
? K 
UP fEf.. L I t'1l T 
1 z 
A'lOTrlEfi TE.'1Pt-ATE FOI\ T:H S SET? 
? N 

.NO. t'1EAS. = 16 
PLOT OR CONTOUR DATA PLOT/CONT 
? Pl-OT 
TYPE Tl TL E OF DATA SET--- 20 CrlAR 
? JOINTS > 4 METERS 
PNOTHER SE1 OF DATA? Y/N 
1 N 

DATA FILE====JOINTl NO SETS OF DATA= 2 

NO MEAS 

88 
16 

END. 

TYPE 

3 
3 

P OR C TITLE OF SET 

CONT JOINTS AT STA I 
PLOT JOPnS > 4 t"lETERS 

CP 1·546 SECS· 

RUN COMPLETE· 
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NA~E OF RAW DATA FILE 
7 PLDATA 
NA~E OF FILE TO BE CREATED 
7 SUf:!JT 
READ STA NOS FR0:-1 FILE OR TER.'1INAL 
TYPE F /T TYPE "$$" TO BY PASS SORT BY STA NO 
? F 
NME FILE CONTAINING STA NOS· 
7 SUBS 

STA NO SET=====SUBI 
INPUT F'ILTER TEMPLATE TO BYPASS CODE TYPE "$$" 
A CODE 
7 1 
B CODE 
7 $$ 

C CODE 
7 $$ 

MEASUREMENT TYPE CODE TO BYPASS TYPE "0'' 
7 0 
lt.JOTKER TEMPLATE FOR THIS SET? 
7 N 
NO. MEAS. = 825 
fLOT OR CONTOUR DATA PLOT/CONT 
7 CONT 
TYPE TITLE OF DATA SET---20 CHAR 
7 JOINTS AT SUBI 
SAME SET OF STA NOS. Y/N 
7 N 

STANO SET=====SUBII 
SA'1E FILTER TEMPLATE Y/N 
7 y 
NO. M EAS• a 569 
fLOT OR CONTOUR DATA PLOT/CONT 
7 CONT 
TYPE TITLE OF DATA SET---20 CHAR 
? JOINTS AT SUB II 
SME SET OF STA NOS. '(/N 
7 N 

STA NO SET===== SUB! I 1 
SA'IE FILTER TEMPLATE Y/N 
? '( 
NO. MEAS. = 727 
fLOT OR CONTOUR DATA PLOT/CONT 
? CONT 
TYPE Tl TL E OF DATA SET---20 CHAR 
7 JOINTS AT SUB III 
SAME SET OF STA NOS. Y /N 
7 N 

Figure 39. Partial sample of interaction during execution of SORT when 
a station number file is read to define the location parameters. 
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It is not necessary that SORT read only a file specifying the 

sub-areas to define the localities at which data is to be analyzed. 

SORT may also read a secondary file consisting of a data list formed 

during a previous execution. The following example will help in 

illustrating the advantages of such a feature: 

The user desires to determine the motion patterns of a particular 
set of faults, the poles to which are well clustered on an equal­
area net. By using a program called FILTER, the faults may be 
isolated and written into a secondary data file (plotted in 
Figure 42A). The user now wishes to plot on an equal-area net 
all the rotation axes associated with these fault planes. The 
file containing the isolated set of faults is read as a station 
number file. In this way, the station number and TAG of each 
fault is specified. When SORT reads through the raw data file, 
the rotation axes with the same station number and TAG as the 
fault planes will be extracted. They are then written into a 
secondary data file. The rotation axes can now be plotted on an 
equal-area net to show the patterns of motion on these faults 
(Figure 42B). · 

The codes that define the filter template are nothing more than 

the codes that ident~fy each data point on the data sheets. To bypass 

sorting by a particular code $$ is typed when the code is requested by 

the computer. It is possible to use several filter templates when 

exLracting data. This feature is convenient when it is desired to 

display several types of data together. In other words, faults and 

dikes may be included in the same data set. A more frequent example is 

to extract all mineralized joints together in order to be plotted on 

the same equal-area net. The sample interaction (Figure 41) illustrates 

how two filter templates may be used to extract two types of mineralized 

joints and to write them into the same file. Note that the option may 

be chosen by typing Y to the question, ANOTHER FILTER TEMPLATE FOR THIS 

SET?. 
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NAI'1E Or RAW DATA F"ILE 
? Ll DATA 
NAME Or riLE TO BE CREATED 
? ROTAX 
READ STA NOS rRO.'l F"ILE OR TER·"'INPL 
1Y PE FIT TYPE "$$" TO BYPASS SORT BY STA NO 
? F 
NAME F"ILE CONTAINING STA NOS. 
? CLUSTR 

STA NO SET=====FAUL TS 125 20 20 
INPUT F"ILTER TE!>1PLATE TO BYPASS CODE TYPE"$$" 
A CODE 
? 2 
8 CODE 
? $$ 
C CODE 
? $$ 
ME.ASUF\E,"'ENT TYPE CODE TO BYPASS TYPE "0" 
? 0 
A\101H ER TEMPLATE FOR THIS SET? Y /N 
? N 
NO. •"lEAS. = 39 
PLOT Of< CO,'lTOUR DATA PLOT/CONT 
? PLOT 
1Y PE. n TLE Or DATA SET---20 CI-IAR 
? FILTERED ROT AXES 
SAME SET OF STA NOS. Y/N 
? N 

DATA FILE====ROTAX 

NO ,-., EAS 

39 
END. 

TYPE 

4 

NO SETS OF DATA= 

P OR C TITLE OF SET 

PLOT FILTERED ROT AXES 

CP 1·315 SECS. 

RUN COMPLETE• 
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Figure 40. Sample interaction during execution of SORT when a secondary 
data file containing the cluster of poles to fault planes (plotted in 
Figure 42A) is read as a station number file. The interaction illus­
trates how the rotation axes (plo'tted in Figure 42B) associated with 
these fault planes are extracted. 



NAME Or RAW DATA fiLE 
? PLDATA 
NA~E OF FILE TO BE CREATED 
? MINJNT 
READ STA NOS FRO:-! fiLE OR TER'1INAL 
lYPE FIT TYPE "$$" TO BYPASS SORT BY STANO 
1 x~ss 
INPUT FILTER TEMPLATE TO BYPASS CODE TYPE"$$" 
A CODE 
? I 
B CODE 
? $$ 
C CODE 
? 5 
MEASUREJ'lENT TYPE CODE TO BYPASS TYPE "0" 
? 0 
~OlHER TEMPLATE FOR Trll S SET? 
? y 
A CODE 
? 1 
B CODE 
? $$ 

C CODE 
? 6 
MEASUREMENT TYPE CODE TO BYPASS TYPE "0" 
? 0 
~OlH ER TEMPLATE I'OR THIS SET? 
? N 
NO. M EAS• "' 27 
A..OT OR CONTOUR DATA PLOTICONT 
? PLOT 
lYPE TITLE OF DATA SET---20 OIAR 
? QUARTZ ZEOLITE JNTS 
~01H ER SET 01' DATA? Y /N 
? N 

DATA FlLE==.,,.,MlNJNT NO SETS nF DATAa 

NO MEAS 

27 
END. 

TYPE 

3 

PORC TITLEOFSET 

PLOT QUARTZ ZEOLITE JNTS 

CP 5• 7 68 SECS• 

RUN COM PL E TEo 

Figure 41. Sample interaction during execution of SORT showing how two 
filter templates are used to extract quartz joints and z2olite joints 
into one data set. 
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A. B. 

N 
N 

+++++++~·++++++•++ 
+++++++++++++++++ ++++ ++++ ++++ ++++ ... 

+++ ... +++ •• ++ ++ 
++ ++ 

++ ++ 
I I ++ ++ 

+' ++ 
I ++ + 

+ + 
I + ++ 

•• ++ 
I ++ + 

+ + 
I + 

+ + II ++ 
+ .. ++ I 

+ + 
I + 

+ + I + 
++ + + 
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Figure 42. Computer-drawn equal-area plots of poles to faults and rotation axes. A. Cluster of 
poles to faults extracted from the total fault population. Data represented on this diagram were 
used to define the station numbers and TAG codes of the rotation axes in B. 
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It is possible to create a file containing up to 20 sets of data 

points. When the user responds Y to the question, ANOTHER SET OF DATA? 

Y/N, the program again searches through the raw data file. The user also 

has the option to select another raw data file residing in computer 

storage. It may not always be necessary to redefine the filter template 

during each recycle. There are options to indicate that the same 

filter template is to be used again. There are similar options concern­

ing the station number parameters (Figures 38, 39). 

Near the completion of program execution, information pertaining 

to each data set within the file is summarized in a table (Figures 38, 

40, 41). The table consists of the number of data points in each set, 

the type of data (planar or linear), whether the data is to be plotted 

or contoured, and the title of the data set. This table may be useful 

when the user wishes to keep a record of each data file that is stored 

in the computer system. 

Program STASET. This program establishes a file containing station 

numbers. Up to 20 sets of station numbers are allowed in one file and a 

limit of 100 station numbers are permitted in each set. Each set of 

station numbers may be considered as a sub-area or domain of a study 

area. 

A station number file is advantageous when the user wishes to 

extract data from sub-areas (as in Figure 39). This eliminates the 

need to redefine the station number parameters during the execution of 

SORT. 

At the beginning of execution of STASET, the user is required to 

input the name of the file to be formed. Station numbers are then 



requested which the user types individually on one line following the 

question mark (?) generated by the computer system. The user then 

presses the carriage return key and the computer system responds with 

another ? . If it is desired to input another station number in this 

set the user types it. To terminate that set of station numbers, a 

zero (0) is typed. 

To identify each station number set, the user is requested to 

input a title. The title of each set may consist of 20 of any of the 

characters displayed on the keys of the teletype. The title may be 

shorter or longer than 20 characters. However, if over 20 characters 

have been typed only the first 20 will be stored in memory and no error 

message will occur. 

Following the creation of each station number set with its title, 

the user then has the option of creating another set. The question, 

ANOTHER SET OF STA NOS? Y/N, provides this option and the user simply 

types Y or N (yes or no). 

A sample of program interaction is provided in Figure 43. At 
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the end of program execution, a list is printed at the teletype. The 

list is for the user's information, indicating which station numbers are 

in each set. The bottom of Figure 43 shows the list printed before the 

termination of STASET. 

Program FILTER. This program reads a secondary data file and 

filters data by orientation. For each set of data, a filter vector is 

defined by an azimuth and plunge. The radius of the filter area is 

specified in degrees. FILTER determines if the vector defined by the 

azimuth and plunge of each data point (if planar data, the azimuth and 



INPUT NME OF fiLE TO ::<E FORMED 
? DOo'lAI N 
INPUT STA NOS. AFTER LAST TYPE "0" 
? 12 
? H) 

? 2 
? 5 
? 4 
? II 
? 9 
7 I 
? 3 
? 6 
? 7 
? 8 
? 0 
IN PUT TITLE OF THIS SET 
? SUB AkEt\ I 
f'NOTI!ER SET OF STA NOS.? YIN 
? y 
? 13 
? 15 
? 14 
? 16 
? 17 
7 18 
? 19 
? 2e 
? 0 
INPUT TITLE OF THIS SET 
? SUB AREA 2 
JlNOTHER SET OF STA NOS.? YIN 
? y 
? 21 
? 23 
? 22 
? 0 
IN r-UT TITLE OF 1HI S SET 
7 SUG /\REi\ .t1 

A'J01H E.R SET OF STA NOS.? YIN 
'I N 

***'DATA FILE=== DO,'lAI N 

NO STA = 12 

I 2 3 
8 9 10 

NO STA = 8 

13 14 IS 
20 

NO STA 3 

21 22 23 
END. 

CP 0·266 SECS· 

HUN COMPLETC· 

NSETS:: 

Figure 43. Sample 
interaction during 
the execution of 
STASET. 

3 

TITLE== SUB AREA 

4 5 6 
11 12 

TITLE== SUB AREA 2 

16 17 18 

TITLE== SUB AREA 4 
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plunge of the pole to each plane) lies within the limits of the filter. 

Another option may be chosen if the user wishes to extract those data 

points which lie outside the limits of the filter. Those data 

points which have been extracted are written into a secondary data 

file. 

FILTER handles up to 20 sets of data. In each set 1000 data 

points are permitted. The same data set may be filtered more than once. 

Figure 44 is a sample of interaction during the execution of FILTER, 

showing the options available. 

The interactive questions printed at the terminal during the 

execution of FILTER are straightforward (Figure 44). The names of the 

file to be filtered and the file to be formed are requested. Following 

this, the header of the first data set in the input file is printed at 

the terminal. Then the user is requested to specify whether the data 

points to be extracted are to lie inside or outside the limits of the 

filter area by typing EX or IN. 

The user inputs the azimuth and plunge of the filter vector and 

the radius, in degrees, of the filter area. If linear data are 

filtered, the azimuth and plunge of each data point are tested against 

the filter vector. When planar data are being filtered, the pole to 

each plane is tested. The sample run in Figure 44 shows the filter 

vector specified in isolating the poles to faults plotted in Figure 42A. 

The computer prints the number of data points that have been 

isolated. The user must then specify if the data is to be plotted or 

contoured (the user types PLOT or CONT) when represented on equal-area 
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nets. Next the user must type the title of the data set which has just 

been isolated. 

Finally, the user has the option of filtering the same data set 

by using a different vector or filtering the next set of data. The 

above interaction is repeated for either choice. 

FILTER is extremely useful when used in conjunction with SORT as 

illustrated in the example on page 82. First, all faults are extracted 

from the study area. The fault clusters of interest are isolated as 

shown by the sample run of FILTER in Figure 44. This execution of 

FILTER produces a file called CLUSTR. SORT reads CLUSTR as a station 

number file to define the station numbers and TAG codes of the rotation 

axes on each of the isolated fault planes (Figure 40). These can then 

be plotted as in Figure 42B to show fault movement patterns. 

Data Display 

After the desired elements have been extracted from the raw data 

file, they are ready to be displayed in a form recognizable by the 

geologist. Orientation data is commonly represented on equal-area 

nets. Several programs used for analysis of orientation data are 

available in the Geology Department library within the University of 

Massachusetts computer system. 

NETTS plots and contours data on equal-area nets and is executed 

at a timesharing terminal. A similar program (NETBAT) operates in 
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BATCH and is extremely useful when a great deal of printed output is 

expected. Other programs include BETA for finding the intersections of 

planes and VECOMP (modified from Schuenemeyer et al., 1972) which 

performs cluster statistics. All programs are written in FORTRAN. 



WiAT FILE DO YOU WISH TO PROCESS 
1 FL TS 
PURGE SOURCE FILE? YES/NO 
? YES 

INPUT NAME OF FILE YOU WISH TO FOR-1 
? CL USTR 

N "' 313 TYPE - 3 CONT DATA SET "'= ALL FAULTS 

INCLUDE OR EXCLUDE DATA W/IN FILTER Llo''ll TS EX/IN 
? IN 

INPUT FILTER vECTOR-- AZ AND PLL.i'lGE- ALSO RAD OF AREA 
1 125.20.20 
NO OF DATA PTS FOUND= 38 
FLOT OR CONTOuR DATA? 
1 PLOT 
TI 1LE OF FILTERED DATA? 
? FAULTS 125 20 20 

FILTER SME DATA SET ? YIN 
? N 

DATA FILE== CL USTR NO DATA SETS: 

NO ,-1 EAS TYPE P OR C TITLE OF SET 

38 3 
STOP 

PLOT FP.UL TS 125 20 20 

CP 0. 668 SECS. 

RUN COt'l PL ETE. 

EX OR IN VECTOR RPO 

12s ::>r 2~" 

Figure 44. Sample interaction during the execution of FILTER. 

Sunnnary 

By recording field information on the data forms described above, 

geologic information can easily be transferred to a computer system. 

The system of programs discussed provides rapid access to the field 

data. Features of interest are easily retrieved and presented 

graphically in a form easily absorbed by the geologist. Figure 47 

provides a summary of the data-base system, showing how the computer 

programs are related. 
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program 
STASET 

~ 
station 

number file 

program 
FILTER < 

keypunching 

J;> raw data 
file 

\ 

\ 
\ 

\ 
\ 

- - - - - editing 

edited raw 
data file 

I <- ---------J 

\V 
~~ 

4_::----
r-------....:j 

program 
SORT 

secondary 
data file 

> 
equal-area nets 
histograms 
numerical analyses 

Figure 45. Flow diagram illustrating the interrelation of programs and 
approach used in data analysis. 
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OC11H! 
~0110• 
00120• 
oouo• 
00140• 
00150• 
00160• 
00170 
00180 
00190 + 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290• 
00300• 
00310• 
00320• 
COJ30 
00340 
00350+ 
00360 
00370 
00:!80 
00390 
C04UO 
00410 
00420• 
00430• 
!!0440• 
(10450• 
00460 
00470 
00480 
oor.9o 
00500 
00510 
00520 
00530 
00540 
C0550 
00560 
00570 
00580 
00590 
00600 
00610 
0!'6~0 

C06JO• 
C06\0• 
00650• 
{) 0 660 
00670 
O!l680 
00690 
00700 
00710 
00720 
oono 

APPENDIX II: PROGRAM LISTING OF SORT 

PROGRAM SORTCINPUT,OUTPUT,TAP~1,T~PE2,TAPE8,TAPE9) 

PPOGRAH READS COOED GEOLOGIC OATA -- EXTRACTS OESIREO ELEMENTS 
RV INPUTING CODES IN A FILTER TEMPLATE 

BV R. PI£PUL -- U HASSe GEOLO;V DEPT 1975 

OIHFNSION ICOOEl18t.JC00f(5) 
CO H"''ON KOUNT, ICOUN, NS£iS,IHEADlH2D• ?),.. NUMB UOO Q), 

TC1COOJ,COMONC1100) 
NSETS=O 
PRINT 282 

282 FOP~ATC•NAHE OF RAW DATA FilE•J 
READ 290 ,NDFILE 

290 FORHAHA6) . 
CALL GETC5HTAPE1,NDFILf,O,O) 
PRINT :JOO 

300 FORHATC•NAHE OF FILE TO BE CREATED•) 
REAJ 290,NAHE 

STATION NOS ARE INPUT FRO~ FILE OR TERMINAL 
BV USING SUBROUTINES FILRO AN~ TERHRD 

PRINT .. 20 
420 FORMATC•REAO SlA NOS FPOH FILE OR TERMINAL•! 

•TYPE F/T TYPE 1$$1 TO 6Y~ASS SORT BV STA NO•) 
READ 425•IFTF 

r.25 FOR "lATe A2) 
IFCIFTF.NE.1HFlGO TO 430 
CALL FILRO 
GO TO 440 

r.30 CALL TERHROCIFTfl 

DUMP DATA FROH TAPE 8 TO TAPE 1 
WRITE HEADINGS 

~~0 CALL RETUR~C5HT~PE1) 
REWIND 2 
REWIND 8 
WRITEC2,r.45) NSETS 

t.~S FORr-<AHI2l 
00 480 I=1,NSETS 
WRITE f2,450)C!HEAORCI,JJ,J:1,5) 

450 FORHATC1X,I5,5X,I1,2X,A4,5X,2A10) 
KENJ=IHEAORCI,1) 
DO 470 K=1,KEND 
REAOC8,•60J~S,CICODECJJ,J=1,13),0R,CJCOO£CL),L=1,5) 

~60 FORHATCI4,11A1,1X,I5,5A1l 
WRITEt2,450lNS.CICODECJ>,J=1•1J),OR,(JCODECL)•L=1,5l 

\70 CONTINUE 
480 CONTINUE 

REWIND 2 
CALL SAVE(5HTAPE2•NAHE,o.o,o> 

PPINT HEADING INFORMATION 

PRINT 500,NAHE,NSETS 
500 FORHATC//I•OATA FILE====•,A6.~X,•No SETS OF OATA=•,I2f) 

PRINT 505 
505 FORMATC•NO HEAS•,JX,•TYPE•,4X,•P OR c•,zx,•TITLE OF SET•/) 

00 600 I=1,NSET5 
PRINT 602•CIHEAOR(!,J),J=1•5) 

600 CONTINUE 
602 FORHATC1X,I5,&X,I1,6X,A4,4X,2A10J 
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APPENDIX II: PROGRAM LISTING OF SORT (cont.) 

00740 
00750 
(10760 
(10770• 
00780• 
00790• 

CALL RETURN<5HTAPE2l $ CAll RETURN<5HTAPE8J 
CAll RETURN (5HTAPE9J 
END 

94 

ro8oo•••••••••• 
00810• 

SUBROUTINE TO READ STA. NOS. FROH TERMINAL••••••••••• 

001l20 SUPPOUTINE TERMROCIFTF) 
00830 
f'Oill.tO 
001150 
0 08 FlO• 
0 ':.'870• 
00860• 
!'"890 
Ot:'900 
00910 
00940"' 
(!0'350 
00950 
00970 
00'380 
00'3'30 
010 00 
01010 
010 20 
010 30 

COHHON KOUNT,ICOUN,NSETS,IHEAORC20,5),NUHBC1000l,TC1000l 
JRUN:::O 

0 1£! 40 
01f'SO 
01050 
(11070 
fJ 10130 
01090 
01100 
01110 
C1120 
01130 
01140 
01150 
01160 
0 1170• 
01180• 

2 REWIND 1 

YES OR NO VARIA8LES2 

IAN!t=1HN 
IAN2=1HN 
IFCJRUN.EQ.O)GO TO 30 

PRINT 3 

IANS 

3 FORHATC//'~'SAHE RAW DATA FILE\ 
READ 4,IANS 

1.t FORHAT (Ail 
PRINT 6 

6 FORHAT<•SAME FILTER TEMPLATE\ 
READ 4 1 IAN2 
PRINT 7 

7 FORHATf•BYPASS STA NO SORT\ 
READ 4,IAN3 
IFtiAN3.EQ.1HY)GO TO '3 
PRINT a 

5 FORMATt•SAME STA NOS. Y/N•l 
READ 4• IAN4 

9 IFCIAN3.E0.1HYJIFTF=2H$$ 
IFCIANS.EQ.iHYJGO TO 30 

5 PRINT 10 
10 FORMATC•NAME OF NEH RAW OATA 

READ 20 ,NDFILE 
20 FORHAH A6l 

CALL GETC5HTAPE1,NOFILE,O,Ol 
30 ICOUN:::O ' 

IAN2 

INPUT STATION NUHBERS AND TAGS 

IFCIAN4.EQ.1HYJGO TO 202 
IFtiFTF.NE.2H$$lGO TO 70 
NUMBtU =2H$$ 
H11=2H$$ 
KOUNT=1 
GO TO 202 

70 PRINT 80 

IAN3 IAN4 

80 FORMATt•INPUT SlA NOS~ TO BYPASS SORT ey TAG TYPE t$$1 

01190• 
01?00 
01210 
01220 
01230 
01240 
01250 
01270• 
01280 
01290 
01300+ 
01310 
01320 '30 
01330 100 
01~40 

01350 
01360 
1!1370 
01380 110 
"13'30 
01400 115 

t• TO END TYPE tOt ZERO•l 
KOUNT=O 
PRINT 100 
FORMAT(•STA NO•) 
KOUNT=KOUNT+1 
REAO.NUHB(I(QUNT) 
IF<NUH9(KOUNT).£Q.OlGO TO 200 
PRINT 110 
FORI1AT t•TAG•l 
REAO 115.TtKOUNTl 
FORHATC A2) 

• 

(cont.) 



APPENDIX II: PROGRAM LISTING OF SORT (cont.) 

01410 
~1420 

014JO 
"1435 
01440 
01450 
01460 
01470 
01480 
01500• 
0151!! 
r152o 
01530 
fl1"40 
01550 
01550 
01570 
11158 0 
01590 
01600 
01n10 
c 1520 
01630 
016ft0" 
01650• 
01650• 

GO TO 90 
200 KOUNT=KOUNT-1 
202 REAOf1,205liT 

REWIND 1 
205 FORHAHIU 

IFCITeNEo3oANO.IToNE.4)GQ TO 215 
CALL SEARCH{IAN2) 
GO TO 220 

215 STOP 

220 PRINT 225,ICOUN 
225 FORHATf"NOo HEASo = •,I5J 

IFC!COUN.LE.O)GO TO 240 
NSETS=NSETS+1 
CALL HEADCIT) 
IFfNSETS.EQ.20)GO TO 250 

240 PRINT 230 
230 FORMATC•ANOTHER SET OF DATA\ YIN~) 

REA) 4,JANS 
JRUN=1 
If{JANS.EQ.1HYJGO TO 2 

250 PETURN 
END 

01670••······ SUBROUTINE TO READ STA. NOS. FROH FILE 
01660• 
0 16'30 
01700 
01710 
IJ1720 
01730 
01740 
01750 
('1750 
01770 
01780 
01790 
01800 
01810 
018~0· 
lj1830• 
0 1840• 
01850• 
1:1850 
01870 
01"160 
01890 
01900 
01910 
01920 
01930 
01940 
01950 
01950 
01970 
019110 
01990 
02(1!)0 
02010 
!12020 
02025 
02030 

SUB~OUT!NE FILRO 
COHHON KOUNT,ICOUN,NS~TS,IHEAORC20,SJ,NUHB(1000l,TC1000) 
DIMENSION JHEADRC2) 
IAN2=1HN 
JRUN=O 
PRINT 10 

10 FORHATC•NAME FILE CONTAINING STA NOS.•) 
READ 20,NASN 

20 FOR" AT U6) 
CALL GETf5HTAPE9,NASN,O,Q) 
REAO (9, 30) l SETS 

30 FORHAT C!2J . 
IFCLSETS.GT.2DJGO TO ft01 

THIS lOOP DECIDES FORHAT OF STA NO FILE. 
THE APPROPRIATE SUSROUTINE TO READ FILE 

DO ~00 I=1,LSETS 
REI\0(9,35) NO,ITY,IPL, (JHEAORff<hl<=!.2l 

35 FORHATC1X,!5,5X,I1,2X,A4,5X,2A10) 
40 FORMAT<It•STA NO SET=====•,2A10) 

PRINT 40,(JHEAD~CKJ,K=1,2> 
If{NO.LE.OJGO TO 400 
!FfiTY.NE.9JGO ~0 50 
CAll RWOTAG9 fNOI 
GO TO 70 

50 IFfiTY.NEe3oANDoiTYoNE.4JGO TO 60 
CALL RWTAGSlNOJ 
GO TO 70 

60 IFfiTY.NE.1JGO TO 400 
CALL RWOTAGCNOl 

70 ICOUN=O 
71 REWIND 1 

READ (1 t 72l IT 
REWIND 1 

72 FORHAHIU 

THEN CALLS 

95 

(cont.) 



APPENDIX II: PROGRAM LISTING OF SORT (cont.) 

0 21" 40 
0 ?1"50 
0 2050 
0 2070 
IJ2080 
1'!21190 
0 2100 
02110 
02120 
02130 
02140 
02150 
02150 
02170 
021130 
02190 
ll?200 
0221'l 
02220 
0 2:?30 
£12240 
02250 
02250 
0 2270 
02280 
02290 
('12300• 
02310• 
02320• 

IFCJRUN.EQ.O)GO TO 73 
PRINT 75 

75 FORHAT<•SAHE FILTER TEHPLATE YIN•) 
READ 75,IAN2 

76 FORHAHA1l 
73 JRUN=1 

IF<IT.NE.3.ANOoiT.NE.4lGO TO ~01 
CALL SEARC~(IAN2) 

300 PRIHT 90-ICOUN 
90 FORMATC•NO. HEAS. = •,I5) 

IFliCOUNoLE.OtGO TO 350 
NSETS=NSETS+1 
CALL HEAO(!Tl 
IFlNSETS.EQ.20)GO TO 400 

350 PRINT 390 
390 FORMAT<•SAHE SET OF STA NOS. YIN•) 

READ 450,IAN4 
IFCIAN4.EQ.1HY)G0 TO 70 

400 CONTINUE 
GO TO 450 

401 PRINT 402 
402 FORHAT<•RAW DATA FILE INCOMPATIBLE•) 
lt10 STOP 
.. 50 RETURN 
450 FORHAHAU 

END 

0 :?330 •••••••• SUBROUTINE TO DEFINE HEADERS FOR DATA SETS••••••••••• 
02340• 
C2350 
~2360 

C?370 
£12380 
02390 
02400 
02410 
024?1l 
02430 
02440 
02450 
02460 
02470 
02480 
02490• 
02500• 
02510• 

SUBROUTINE HEADliJ) 
COHHON KOUNT,ICOUN,NSETS,IHEAlF(20,5),NUH8(1000J,T(1000) 
PRINT 20 

20 FORMAT<•PLOT OR CONTOUR OATA 
REAO 30,I~EADR<NSETS,3l 

30 FORM AT C A4) 
IHEAOR(NSETS,1l=ICOUN 
IHEAORCNSETS,2J=IT 
PRINT 40 

PLOTICONT•) 

40 FORMATC•TYPE TITLE OF DATA SET---20 CHAR•) 
READ 50,CIHEADRCNSETS.Kl,K=4,5J 

5() FORHAH2A10l 
RETIIRN 
ENO 
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02520•••••••• SUBROUTINE TO SEARCH TH~U RnW DATA FILE ...... 
02530• AND EXTRACT DATA. USES FILTER ~HIGH IS ESTABLISHED 
02540• INTERACTIVELY BY INPUTTING CODES 
02?50• 
02560 SUBROUTINE SEAP.CH(!FTFl 
02570 COHHON KOUNT,ICOUN,NSETS,IHEAOR(20,S),NUHBC1000),J(1000), 
025~0+ Ati5l,Bl15l,C115l,0(15l,E 
0259U+(15l,F(15l,AC(6l,BC<&J,CC(6),01(6), 02~6l,OR(6J,TA(6J,NSTAC100J, 
02600+ ACOOEC100l,RCJ0E(t00l,CCOOE!1~0l,JRIENTf100l,TAG(100l 
02610 OIHENSION QUINFC100,7l•ICK(100l,AOOC(100•3) 
02520 TYPE INTEGER A,B,C,D,E,F,T,AC,BC,CC,Q1,QZ.OR,TA,NSTA,ACODE, 
02630+ BCOOE,CCOOE,ORIENT,TAG,OUINF,AODC 
02640 JNFI=1 
02~45 IF(IFTF.EQ.1HYJGO TO 1420 
02650 LCOU=1 
(' 2670• (cont.) 



APPENDIX II: PROGRAM LISTING OF SORT (cont.) 

02680• ESTABLISH FILTER TE11PLATE 
02690• 
[1270, PRINT 1120 
0?710 1320 FOR~AT<•INPUT FILTER TE11PLATE 
02720 1311 PRINT 2021 
02730 READ 202f'>t A(LCOUl 
02740 PRINT 20 22 
02750 READ 20 2&, B (LCOUl 
0 2750 PRINT 2023 
02770 READ 2026 9 CCLCOUJ 
027'80 PRINT 2031 
02790 REA£hOCLCOUl 
c 281)0 IFCOCLCOUl.NE.O,GO TO 1360 
02810 DCLCOU) =2H$$ 
02820 E<LCOUl=FCLCOU):2HSf 
02830 GO TO 1392 
028 .. 0 1380 PRINT 2028 
02850 REAQ2026,ElLCJU) 
fl2860 PRINT 2029 
02870 REA02026,FCLCOUJ 
02680 1392 PRINT 2025 
02890 REAO,HANS 
0 2900 If(HANS.EQ.1HNlGO TO 1420 
02910 LCOU=LCOU·H 
02920 GO TO 1331 
02930• 
02940• INITIALIZE VARIABLES 
02950 11t2C KA=1 
02960 DO 11t30 L11=1,10D 
02970 00 1427 MM=1,3 
02980 11t27 ADOCCLH,HMl=1~ 
02990 00 1430 HH=1•7 
03000 QUINF(LH,HH,=1H 
C3010 1430 CONTINUE 
03'020• 

TO BYPASS CODE TYPE 1$$1•) 

IF • OCCURS IN TAr. COLU!iN OF LAST SIX, 
THEN ANOTHER liNE MUST BE READ 
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9ETWEEN 30 AND 100 DATA LINES A~E READ 9 IN THIS 
ON THE •. 

0~030• 
03040• 
!!3050• 
03060• 
03070• 
03!:'80 
03090 
!:'3100 1434 
03110 1440 
03120+ 

LOOP, DEPENDING 

0 3130 
031~0 1511 
03150 1550 
03160 
03170 
03180 
03190 
03200 
03210 
03220 1585 
0 3230 
032 .. 0 
03250 
03260 1620 
0 3270 
0 3280 1630 
03290 
03300 
03310 

DO 1434 I=1, 100 
ICK(l)=1 
CONTINUE 
RE AJ ( 1, 202 Ol NS, CAC (Jl, ec (JJ ,CC CJ), QHJJ, Q2 tJl ,{)R IJ), TUJJ 
,J:1,&J,IPG 
IFCEOF,1l2010,1550 
FORHATCA2l 
00 1740 I=1,6 
IQAT=Q1 (!) 
IFCKA.EOo1lGO TO 1630 
KAT=KA-1 
IFfTAGCKA-1l.NE.1H•JGO TO 1630 
IFC01fi).EQ.OtGO TO 1565 
QUINF(KAT,IQATl=Q2Cil 
IF CCC( I> .EQ.1H l GO TO 1620 
ICK(KA-1l=ICKCKA-1l+1 
ICAT=ICK CKA-U 
AOD:(KAT,ICATl=CCCit 
TAG IKA-iJ=TA UJ 
GO TO 1740 
IFCACtiJ.EOo1H JGO TO 1740 
NSTACKAJ=NS 
IFCQ1fiJ.EQ.OJGO TO 1680 
QUINFCKA,IQATJ=Q2(Il 

(cont.) 



APPENDIX II: PROGRAM LISTING OF SORT (cont.) 

£13320 1680 
c 3330 
(1"3340 
!'~~so 

03360 

ORifNTtKAl=OR(IJ 
ACODElKAl=AC<Il 
~COOE(KAl=BCUt 
ADf1C(KA,1l=CCUl 
TAGtKAl =TA (U 
KA=KA+1 
CO~'TINUE 
IFfTAG(KA-1l .EQ.1H•>GO TO 
IFlJNFI.EQ.OlGO TO 17AG 
IFCKA.LT.30lGO TO 1440 

NOW SORT DATA 

KAT=KA-1 
IFlKAT.EQ.OlGO TO 20'0 
00 2005 I=1, KAT 

1440 

0 3370 
0331JO 1740 
03190 
03400 
03410 1160 
03420• 
03430• 
03440"" 
03450 1780 
0 3\60 
03470 
03460"" 
03490• 
03500"" 
03510 
03520 
01'530 
('35\0 
03550 
03560 183C 
03'570 

SORT SY STATION ~EANS BYPASS SORT BY STA NO 

IF(NUM8<1l.EQ.2H!!lGO TO 1650 
IFCNUHB(KOUNTI.LT.NSTAliJlGO TO 2040 
00 1830 J=t,KOUNT 
IF(NUM~(JJ.NE.NSTAlillGO TO 1830 
IFCT(Jl.EQ.TAGCIJ.OR.TCJ}.EQ.2H$$)GO 
CONTINUE 

TO 1650 

GO TO 2003 

SORT BY CODES USING FILTER fEHPLATE 

DO 2000 J::t.LCOU 
IF(A(JJ.NE.ACOOE<I>.ANO.A(Jl.~E.2H$$JGO 
IF<BCJl.NE.SCOOElil.ANO.B(J,.~E.2H$$tGO 
IF(C(J).EQ.2H$f)G0 TO 1900 
ICAT=ICK (IJ 
00 1885 LI~1,ICAT 
IF(C{JJ.EQ.AOOC(I,LIJJGO TO 1900 
CONTINUE 
GO TO 2000 

U HEANS BYPASS 

TO 200 0 
TO 2000 

SORT 8Y QUANTITATIVE HEAS. COOE USING UPPEr AND lOWER LIMITS 

03560"" 
03'590• 
0361]0• 
03610 1850 
0 3f> 20 
(!3630 
03640 
03650 
03650 
C3570 
1)1680 1885 
[)3590 
03700• 
u311o• 
03720• 
03730 1900 
03740 
03750 
03750 
03771l 
03780 
03790 
03801:' 
0~610 
03820 
03830• 
03840 1970 
03850+ 
03660 
03670 
038110 2000 
03890 2003 
039tl0 2005 
03910 
03920 
03930 2010 
03940 
03950"" 

IF(0(Jl.E0.2H$$lGO TO 1970 
IFfE(Jl.EQ.2H$$,OR.F~Jl.EQ.2H$$)G' TO 1970 
IOAT=OtJl 
IF(QUINF<I,IDAT) .EQ.tH l~O TO 2000 
IQF=QUINF<I,IOAT) 
INQ=L£TER(1Qf) 
IEJ=EtJl $ IFJ:F(J) 
LOW=lETER<IEJl 
LUP=LETERUFJl 
IF<INO.LT.LOW .OR. INO .GT. L~PJGO TO 2000 

WRITE(8,2030)NSTAlil,ACODE<IJ,BCOOE(IJ, 
<ADOC(I,!Zl,IZ=1,Jl,~QUINF(I 7 IVJ,IV=1i7l,TAG(Il,ORIENT(I) 
ICOUN=ICOUN+1 
GO TO 2003 
CONTINUE 
CONTINUE 
CONTINUE 
IF(JNFI.EO.OIGO TO 2040 
GO TO 1420 
JNFI=O 
GO TO 1780 
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APPENDIX II: PROGRAM LISTING OF SORT (cont.) 

03CJ60 2020 
n970 2021 
03960 2022 
~3'390 2023 
C4000 2025 
04010 202o 
(14020 2027 
04030 2028 
0401+0 2029 
(14050 2030 
C40E>O 2031 
04070 2035 
04tl80 2040 
041'190 
04100" 
04110" 
Olt120• 

FOR~ATC1X,I4,o(3A1,I1,A1,I5,A1) 7 A1) 
FORHATC•A COOE•J 
FO~HATC"'B COOE"'J 
FOP~AT(•C CODE•J 
FOR~ATC•ANOTHER TEHPLATE FOR THIS SET\") 
FOR'1 AT ( A2) 
FOPHATCI1,1X 7 A2,1X 7 A2) 
FORHAT("lOWER LIMIT•) 
FOR'1ATC•UPPER LI~IT•) 
FORHATCI4,13A1,1X,I5 7 5Xl 
FORHAT("HEASUREHENT TYPE COOE TO BYPASS TYPE f0f") 
FORMAT(7CA2,1X)) 
RETURN 
END 

04130••······· 
0414(1• OATA TO 
Olt150"' 

FUNCTION SUBPPOGRAM TO :oNV~RT QUANTITATIVE 
INTEGER BASED ON HIERARCHY ~F CODE 

•••••••••• 

FUNCTION LETERCLR) 04160 
04170 
Clt16U 
04190+ 
04200+ 
04210+ 
!lft220 
C42JO 
04240 
04250 
Olt26tl 31oO 
Olt270 ~170 

DIM~NSION KOOEC36) 
OATACKODECJJ,J=1,36)/1HC,1HY,1HT,1HU,1HV,1HW,1H1,1H2,1H3, 
1H4,1H5,1H6,1H7, 
1H8,1H9,1HA,1H8,1HC,1H0,1HE,1HF,1~G,1HH,1HI,1HJ,1HK,1Hl,1HH, 
1HN,1H0,1HP,1HQ,1HR,1HS•1HX,1Hl/ 

04260 
0 4290. 
04300• 

oo 3160 I=1,3o 
!F(KODECil.NE.LRlGO TO 3160 
LETER=I 
GO TO 3170 
CONTINUE 
RETURN 
END 

04310• 
04320• 
04~30• 

04340• 
04350 
(lft360 
0437tl 
0436tl 
04390• 
Oft400 
04410 
04421) 
04430 
Olt440 
04450 
041t60 
04470• 
04460• 

•••••• SUBROUT TO READ STA NOS WITHOUT TAGS WHEN TAGS 
ARE PRESENT 

••••••• 

SUB~OUTINE RWOTAGCNl 
COMMON KOUNT,ICOUN,NSETS,IHEAOR(20,5),NU~BC100C),T(1000l 
KOUNT=O 
00 10 I=1,N 

REAOC9 1 50lNUMBCI) 
5 KOUNT=I<OUNT~1 

TCil=2H$$ 
10 CONTINUE 
20 RET JRN 
50 FOPHAT(IIt,24Xl 

END 

04490"' 
Olt500•••••••• 
04510• WHEN 

SUBROUTIN~ TO READ STA NOS WITHOUT TAGS 
TAGS ARE NOT PRESENT 

............. 

04520• 
04530 
Oft51t0 
04'550 
04'560 
04'570 
04'580 
04'590 

SUBPOUTINE RWOTAG9(N' 
COMMON KOUNT 1 ICOUN,NSETS,IHEA~R(20,5l,NU~8(1000),TC1000) 
I<OUNT=O 
DO 10 I=1, N 
REAOC9•50lNUMB(II 

5 KOUNT=KOUNT+1 
HIJ =2H$$ 

(cont.) 
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APPENDIX II: PROGRAM LISTING OF SORT (cont.) 

04600 
04610 
04620 
04630 
Olt640JtC 
046SO• 
04660• 

10 CONTINUE 
20 RETURN 
SO FOPMAHI4l 

END 

04670••······lt' SUBROUTINE TO REAO STA NOS WITH TAGS ................. 
04660• 
04690 
0470!" 
0«.710 
(!4720 
04BO 
04740 
01t750 
04760 
04770 
04780 

SUBROUTINE RWTAGS{Nl 
COMMON KOUNT, I COUN• NSETS, I HEALIIHZD • 51, NUMB (100 OJ t T (100 0) 
KOUNT=O 
00 10 I=1,N 
REA~(9,50lNUMB(!J,T~Il 

S KOUNT=KOUNT+1 
10 CONTINUE 
20 f;'ETURN 
SO FORMAT<I4,12X,A1,11Xl 

END 
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APPENDIX III: PROGRAM LISTING OF FILTER 

00100 PROr-RAM FILTERfiNPUT,OUTPUT,T~PE1,TAPE7J 
~0110 OI~~NSION IOAT(1000,3J,IHEADRC20,g),JHEADRf2) 
00120 COMMON IHEAOR,IOAT 
001JO MAX=1000 
00140 LSET=O 
00150 REWIND 1 $ REWIND 7 
00160 IAN=1HN 
00170 PRINT 80 
00180 80 FORMATC•WHAT FILE UO YOU ~in PROCESSA•J 
00190 READ 1050,INFIL 
00200 PRINT 100 
00210 100 FORMATC•PURGE SOURCE FILE\ T!~TNO•l 
00220 READ 1080, IFPU 
£102JO CAL GETC5HTAPE1, INFIL,O, OJ 
00240 REAOC1,140}NSET 
00250 140 FOR~ATfi2) 
00260 PRINT 220 
00270 220 FORMATC•INPUT NAME OF FILE YO~ WISH TO FORH•) 
00280 REA~ 1050,NOUT 
00290 DO 1020 KD0=1,NSET 
00300 REAOf1,256JIOD•IP,I?tT,(JHEAORfKJ•K=1•2> 
00310 256 FORMATC1X,I5,5X,I1,2X,A4,5X,2A10) 
00320 PRINT 256,IDO,IP,IPLT,<JHEADRfKJ,K=1,Zt 
003~0 258 FORMATCt•N = •,I5,6X,•TYPE - •,I1,6X,A4,6X,•DATA SET == •,2A10 
00335+ /) 
00340 280 PRINT 300 
00350 300 FORHATC•INCLUDE OR EXCLUDE DATA W/IN FILTER LIHITS EX/IN•J 
00360 READ 1080,IFEX 
00370 IFCIFEX.NE.2HEX.ANDoiFEX.NEoZ~INJr.O TO 280 
00380 PRINT 380 
00390 380 FORHATC•INPUT FILTER VECTOR-- AZ A~D PLUNGE- ALSO RAO OF AREA 
0 0395+ ., 
00400 READ,KAZ,KOP,KDIA 
00~10 460 RCIP=RAVfKO!A)/2o 
00,20 R=2.•SINCRC!R) 
0042<; R=ABSCRJ 
00430 CALL DIRCOSCKAZ,KOP,X,Y,ZJ 
00440 NOH=O 
oo-.5o• 
00460• 
00 .. 70• 
00480 

BEGIN READING DATA 

KOUNT=O 
IFfiAN.EQ.1HYJGO TO 650 

00 600 !=1,!00 
REAO (1,1040Jf!DATfi,K1,~=1,3t 
CONTINUE 

DO 9~0 K=1 9 !00 
ISTK=IOATCK,3)/100 
IOIP=IOATfK,3J-ISTK•100 
IFCIP.EQ.4JGO TO 720 

00 .. 90 
005!10 
00510 
00520 6[)0 
011530 650 
oo5r.o 
00550 
00%0 
00570 
0058!1 
00585 
00590 
00600 740 
00610 
00620 
00630 

CALL POLECISTK 9 IOIP,ISTK,IOIP) 
720 CALL OIRCOSCISTK,IOIP,XO,YO,ZDJ 

TEST=O. 
IFfiFEX.EQ.2H!NlTEST=2• 

DIST2=CXO-XJ••2~<YO-YJ••z+<ZD-ZJ••z 
O=SQRHOIST2J 
!Ff!FEX.E0.2HEXJGO TO 840 
IFfD.LE.RJGO TO 860 
GO TO 930 
IF{O.LE.RJGO TO 930 
KOUNT=KOUNT+1 
WRITE C 7, 10 40 J liD AT (K, 111"), HH=1, 3) 
GO TO 9~0 
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006 .. 0 
00650 sr.o 
00660 860 
00670 
00680 
00690 930 !FCTEST.LT.i.JGO TO 940 (cont.) 



APPENDIX III: PROGRAM LISTING OF FILTER (cont.) 

00700 
00710 
0 0720 
00730 
00740 
00750 940 
00760 
00770 %5 
00780 
007'30 
00800 950 
00810+ 
00820 
00830 1000 
00840 
00850 
00660 
00870 1003 
00880 1006 
008'30 
00900 1010 
00<:!10 
00920 1020 
00930 1022 
009fo0 
00950 
00960 1025 
00970 1o•o 
00960 1050 
00990 1070 
01000 1080 
01005 1090 
0 1(110 
1!1020• 
01030• 
01t'40 
01050 
01060 
01070 
01060 
0 1090• 
01100• 
01110 
01120 
01130 
0111t0 
01150 
01160 
01170 
01180 
01190• 
01200• 
01210 
01220 
01230 
0121t0 
01250 
01260• 
01270• 
111260 
01290 
013!!0 
01310 
01-312 

Tt:ST=O. 
xo=-xo 
YO=-YO 
ZO=-ZO 
GO TO 740 
CONTINUE 
PRINT 945, KOUNT 
FORMAT(•NO OF DATA PTS FOUND= •,I5l 
IF(KOUNT.LE.HAXlGO TO 1000 
PRINT 950 
FORHAT(•NO OATA PTS TGREATER THAN 1000 - FILTERING NOT• 
• POSSIPLE•) 
GO TO 1090 
IFlKOUNT.LE.OlGO TO 1003 
LSET=LSET+1 
CALL HEAOILSET,KOUNT,IP,IFEX,KAZ,KOP,KDIAl 
!f(LSET.E0.201GO TO 1022 
PRINT 1006 
FORHATC//I•FILTER SAME OATA SET\ YIN•) 
REA J 10 10, IAN 
FOR"1AT<A1l 
IFfiAN.EQ.1HY)G0 TO 280 
CONTINUE 
CAL- OUHPCLSET,NOUTJ 
IFIIFPU.NE.2HYE)GO TO 1025 
CALL PURGE(INFIL,O,O> 
CONTINUE 
FOP~AT(I4,12X,A1,1X,I5,5Xl 
FOR~ AT< A6l 
FOP"1ATI2A10J 
FOR HAT ( A2l 
STOP 
END 

SUBPOUTINE POLE(IS,IO,L•H' 
L=IS+270 
11=90-IO 
FE TURN 
END 

SUBROUTINE OIRCOSIIS,IO,X,Y,Z) 
T=RADf!Sl 
P=PAO CIOl 
X= COS CP) •COS CTl 
Y=COS(P' •SIN (T) 
Z=SIN(P) . 
RETURN 
END 

FUNCTION RAO(Kl 
PI=355./115. 
RAO=FLOAT(Kl•PI/1eO. 
RETURN 
END 

SU~POUTINE HEAO(N,K,IP,IF,KZ,KP,KOl 
COMMON IHEADRf20,9) 
IHEAORCN,11=K 
IHEADR ( N• 2' =IP 
IHE~DPfN,6,=IF S IHEAOR(N,7l=KZ 
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APPENDIX III: PROGRAM LISTING OF FILTER (cont.) 

01311t 
01321) 
01330 
01340 
013'30 
01360 
01370 
0131\0 
01390 
01400 
01'+10 
01420 
01430• 
C1440• 
011t50 
0 1 .. 60 
01470 
01460 
01490 
01500 
01'310+ 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01f,00 
01610 
01620 
016JO 
01640 
01650 
01652+ 
01660 
01670 
01680 
01690 
01700 

IHEAORCN,8l=KP $ IHEAORCN,9l=KD 
PRINT 100 

100 FOR~ATC•PLOT OR CONTOUR DATA\•) 
READ 110,IFPL 

110 FORMAT CA4l 
IHEAOR(N,3l=IFPL 
PR!fH 120 

120 FORHATC•TITLE OF FILTEP.ED DATA\•) 
REAJ 130,(!HEAORC~•Jt,J=4•5) 

130 FOP.~ATC2A10) 
RETURN 
END 

SUePOUT!NE OUMP(N,NAME) 
COMMON IHEADRC20,9l,!OATC1000,3l 
PRINT 40,NAHE,N 

40 FORHATCI/I•OATA FilE== •,1X,A5 1 6X,•NO DATA SETS= •,!2) 
PRINT 50 

50 FORHATC/t•NO MEAS•,3X,•TYPE4 ,4X,•P OR C•,2X,•TITLE OF SET• 
,11X,•EX OR IN•,3x,•VECTOR•,2x,•RAO•I) 
100 FOR'1 AT CI2l 

REWIND 1 
REWIND 7 
WRITEC1,100lN 
DO 500 I=1,N 
WRITE ( 1• 15 Ol CI HE AOR CI • U •L=1• 5) 
11=IHEAORCI,1> 

150 FOR~ATC1X,I5,5X,I1,2X,A4,~X,2A10l 
00 200 J=1,H 

20C REAOC7.400) flOAT CJ,I1H) ,tH1=1•3l 
00 300 J=1,M 

300 WPITEC1,4tJOl CIDATCJ,I-!Hl,MH=1,1l 
400 FOR~ATCI4,12X,A1 7 1X,I5,5Xl 
45C FOR~AT(1X.I5.5X•I1•oX•A4,4X,2A10• 
5X,A2,8X,I3,1X,I2,2X,I2l 
500 PRINT 450, CIHEAORCI,Ll,L=1,9l 

REWr NO 1 
CALL SAVE(5HTAPE1•NAHE•O•D•O> 
RETURN 
END 
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00100 
00110 
001(>0• 
oono• 
00140• 
00150• 
00160 
l:!D170 
00180 
00190 40 
00200 
00210 50 
00220• 
uo2Jo• 
00240• 
00250 
!10260 60 
00270 
00280 70 
00290 
003oo• 
00310• 
003~0· 

003311 60 
00340 
00350 
00360 
00370 
00380 
00390• 
00400• 
00410• 

APPENDIX IV: PROGRAM LISTING OF STASET 

~ROGRA~ STASETIINPUT,OUTPUT,TAPE1l 
CI~ENSI0N NSTAI2C,100l,IHEA0R(20,5l 

ESTABLISHES A FILE CONTAINING UP TO 20 SETS OF 
STATION NUMBERS 

roi1MON NSTA 
R~'"WINO 1 

PPINT 40 
FORHATI•INPUT 
READ 50.NA"lE 
FORMAT !A&l 

NAME OF FILE TO BE FORMED•) 

BEGIN EACH SET 

PRINT 60 
FORHAT(•INPUT 
NSET=O 
NSET=NSET+1 
N=O 

STA NOS. AFTER LAST TYPE fOt•l 

INPUT STATION NUMBERS 

REAp, NUH 
IFINUM.EQ.OlGO TO 
N=N+1 
NSTACNSET,Nl=NUM 
IFIN.EQ.100lGO TO 
GO TO 80 

DEFINE HEADERS 

100 

100 

!HE ADR OISET ~ i.) =N 
IHEADR<NSET,2l=9 
IHEA~R(NSET,3l=2HNA 
PRINT 110 
FORHAT<•INPUT TITLE OF THIS SET•> 
FEAO 120 1 (IHEADRCNSET,Kl,K=4,5l 

SORT STATION NU~SERS IN INCREASING ORDER 

CALL SO~TR(N,NSETl 

FORHAT<2A10) 
If(N~tT.E0.20lGO TO 145 
l"RINT 130 
FOR~AT(~ANOTHER SET OF STA NOS.\ 
F?EAO 140,IAN 
FORHAHA1l 

WRITE AND PRINT STA NOS. 

IFfiAN.EQ.1HYlGO TO 70 
WRIT~(1,150lNSET 

FOR!'1ATCI2l 
PRINT 154,NAME,NSET 

0 0420 1\10 
001+10 
00440 
00450 
00460 110 
00~70 
00480• 
1!0490• 
oosoo• 
00510 
00520 120 
00510 
00541J 
1!0550 130 
00560 
00570 140 
00560• 
00590• 
00600• 
00&10 
00620 11t5 
00630 150 
00640 
00650 
00660 
00670 
00680 160 
00690 
00700 
00710 162 
00720+1) 

154 FORHAT(///11X,15H•••OATA FILE===,1X,A6,~X,GHNSETS=,I2l 
00 21l0 I-=1, NSET 
WRIT€ (1,160) <IHEA OR u, K) • K=1, 5) 
FORHAT(1X,IS,SX,I1,2X,A4,5X,2A10) 
N=I HE AOR (!, 1) 
PRINT 162,N,CIHEADRti,KJ,K=4,Sl 
FORMAT(//18X,•NO STA = •,IJ-sx,•TITLE== •-2A10 

00730 PRINT 175,·(NSTACI,Jl,J=1,Nl 
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APPENDIX IV: PROGRAM LISTING OF STASET (cont.) 

OOHll 
007'50 
00760 175 
0 0770 170 
00780 190 
007CJ!I 200 
00801) 
00810 
00820 
00830• 
008~0· 

00 190 J=1,N 
WRITt(1,170lNSTA(I,Jl 
FOPH~TC7I10l 

FOP.HA T< !4' 
CONTINUE 
CONTINUE 

REWIND 1 
CALL SAVE('5HTAPE1,NAHE~D~O,D• 

END 

008'50••••••• SU~ROUTINE TO SORT NOS IN INCREASING ORDER••• .. ••••••••• 
00860• 
00870 
ooeeo 
00890 
COCJOO 
00'310 
00920 
00930 
00940 
009'50 
0UCJ60 60 
00970 
oo9so eo 
00'390 
01000 100 
01!!10 
010 20 
01030 130 
01040 140 
010'50 

SUBROUTINE ~ORTR(K,Nl 
COMMON NSTA{20,100l 
TYPE INTEGER S 

IF(K.EQ.1lGO TO 1~0 
DO 110 I::2,K 
IFfNSTA(N,I-1l.LEoNSTA(N,I,lGO 
S=NSTA(N,Il 
NSTA(N,Il=NSTA(N,I-1) 
J=I-2 
If(J.LT.1lGO TO 80 
IF(S.LT.NSTA(N,J))GO TO 
NSTA (N,J+t) =S 
GO TO 130 
NSTA(N,J+tl=NSTAlN,Jl 
J=J-1 
GO TO 60 
CONTr NUE 
RETURN 
END 

100 

TO 130 
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