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RESUMO 

  

 O objetivo principal deste trabalho é avaliar as relações gerais entre os dados 

de fraturas coletados nos trabalhos de campo e as principais falhas ocorrentes nos 

calcários do Grupo Edwards na região do lago de Medina (proximidades de Santo 

Antônio), no Texas. Observações de campo incluíram as relações entre scanline e 

porosidade. As observações de campo, combinadas com a interpretação de análise 

gráfica, ajudaram na modelagem do padrão de distribuição das fraturas de um 

reservatório fraturado análogo. As principais direções dos calcários do Grupo 

Edwards é 60-80Az. Nos afloramentos estudados foram observadas uma grande falha 

de direção 70Az e outras duas menores de direção 75Az. Este conjunto de falhas esta 

formando um pequeno graben. Dois scanlines foram executados na superfície de uma 

camada cinza escura de um grainstone, na qual foram observadas porosidades tipo 

vugular grande (microcavernas). Outras porosidades do tipo vugular grande foram 

observadas nas interseções das fraturas nas paredes dos afloramentos estudados. Um 

cimento branco de calcita foi observado preenchendo fraturas nas camadas de 

coloração cinza-escura de grainstone. Os gráficos com as informações sobre a 

distribuição das aberturas das fraturas nos calcários do Grupo Edwards de ambos os 

afloramentos estudados, mostraram resultados semelhantes, indicando a continuidade 

do padrão de fraturamento neles. O padrão de faturamento e as falhas também 

apresentam uma boa correlação com os padrões regionais.  Estas falhas são de cunho 

regional. As porosidades do tipo vugular se encontram nos cruzamentos das fraturas. 

A média de fraturas abertas por metro foi de 0.5 e o espaçamento das fraturas abertas 

variou de 5 a 7 fraturas por metro. 

 

Palavras chave: Calcários do Grupo Edwards, Scanline, fraturamento em 

carbonatos. 
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ABSTRACT 

 

The main purpose of this work is to evaluate the general relationships 

between collected field data of fractures and the major faults of the Edwards Group 

limestone at Medina Lake, Texas. Field observations include scanline relationships 

and porosity. These field observations, combined with the interpreted fracture 

distribution from graphic analysis, helped to modeling an analogous fractured 

reservoir. The major direction of faults in the Edwards limestones is 60 to 80Az. At 

the studied outcrop a big fault (70Az) and more two others small faults (75Az) was 

seen with the same range direction. These joint of faults are forming a small graben.  

Two scanlines were conducted at the surface of a dark bed of grainstone, in which 

some big vugs have been observed. Others big vugs, related to the fractures and to 

the intersection of them, were observed on the outcrop wall. Cement, white in color, 

fills the fractures in the dark bed grainstone. The graphics of aperture size 

distribution of Edwards limestone (fracture set trending 70Az) of both studied 

outcrops showed similar results, indicating the continuity of the fracturing pattern 

into them. 

 

Keywords: Edwards Group limestones, scanline, carbonate fracturing. 

  

INTRODUCTION 

 

One of the long term 

challenges for future reservoir 

characterization is to develop and use 

technology to enable a more realistic 

data from analog reservoir outcrops. 

Outcrop scanline data provide a basis 

for improving reservoir-flow models.   

The use of scanlines to do 

measurements along a  previously 

defined line on exposed surfaces of the 

rocky bodies, or in thin section have 

been reported by several geoscientists 

(Marrett, 1996; Cladouhos & Marrett, 

1996; Ortega et al., 2006). These kind 

of observation associated with the 

measurement of the patterns of 

structures performed conventionally 

provide quantitative informatin on the 

frequency of occurrence of fractures 

versus its aperture (Ortega & Marrett, 

2000; Guerriero et al., 2010). 

The objective of this work was 

to collect field data and rock samples 

to simulate data sets for improving 

carbonate reservoir modeling. A 

related objective was to acquire 

relevant laboratory measurements on 

the samples through the study of 

fracture distribution and cement types 

in thin sections. The Kainer Formation 

limestone near Lake Medina, Texas 

(Fig. 1) was selected because this area 

has good outcrops with well preserved 

and exposed fracture in carbonate. In 

addition, the data in this study will be 

organized in a data set for integration 

with other data set as sequence 

stratigraphy, rock-fabric petrophysics, 

and spatial geostatistics. The results of 

this measured fracture distributions 

and structural diagenesis provide 

valuable models for reservoir 

characterization. In addition, the data 

obtained in the laboratory will be 

integrated and compared with outcrop 

data set. This section is not clear – 

needs some work. It is important to 

clearly show the work in laboratory 

with collected samples and data 

acquired during the field work. 
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Figure 1 – Studied outcrop localization of Kainer Formation near Medina Lake, 

Texas.  

 

 

THE EDWARDS GROUP 

LIMESTONE 

 

The Edwards Group limestone 

(Early Cretaceous) is limited in the 

base by the Walnut Formation 

argillaceous carbonate shelf and in the 

top by the Georgetown Formation 

carbonate open shelf (Figure 2). 

The Edwards Group is divided 

in two formations: Kainer (base) and 

Person (top), both represent shallow-

marine subtidal to tidal-flat cycles 

(Rose, 1972; Abbott, 1973; Collins, 

2000). 

 The Kainer Formation 

comprises three members: a) Dolomite 

Member, in the base of the formation, 

characterized by abundant dolomite, b) 

Kirschberg evaporites, in the middle 

part of the formation, characterized  by 

an evaporitic layer, and c) Grainstone 

Member, in top of the formation, 

characterized by grainstone-rich cycles 

(Figure 2). 

 

METHODS 

 

 Data collected at outcrop 

locations include measurement of 

fracture orientation and spacing 

(unless it was only one outcrop). 

Recognition of the pattern of 

fracturing was made in carbonates of 

the Kainer Formation nearby Lake 

Medina, Texas.  Two scanlines were 

measured on both sides of the Road 

1283, which connects Medina to 

Bandera Counties. 

 The methodology adopted by 

this work consisted with the execution 

of scanlines (linear measurement of 

the distance between structures 

(fracturs and faults) and the opening of 

the fratures) with the use of a 

Comparator (Marrett, 1996; Ortega & 

Marrett, 2000; Ortega et al., 2006). 

Measurements of smaller aperture 

were made directly on the structures.  

For the scanline, the two 

outstanding outcrops were selected. A 

good scanline provide a good view of 

fracture distribution context for the 

carbonate reservoir and can be used to 

simulate the fracture data obtained in 

outcrop using Excell graphic sofware. 

Samples were collected in the first 

field trip.  

 

Scanline in the Kainer Formation… 
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Figure 2 – Stratigraphic Column of the Cretaceous Central Texas.  

 

 

 

OUTCROP STUDY 

DESCRIPTION 

 

 The studied outcrops are 

located at the east side of Medina 

Lake, on the Road 1283, near the 

boundary between Medina and 

Bandera Counties, Texas, at Latitude 

29
0
33’40’’N and Longitude 

098
0
54’17’’W (Figure 1). The Outcrop 

comprises the upper part of Kainer 

Formation: the Grainstone Member 

(Fig. 2). 

 This area is located near the 

Balcones Fault Zone, characterized by 

a Recharge Zone of the well 

knowledge “Edwards Aquifer”. The 

Balcones Fault Zone is in the 

boundary of the Drainage Area and the 

Artesian Zone of the Edwards Aquifer.  
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 The outcrop is located in one 

highly faulted and fractured area of 

Edwards limestone. The main 

directions of fractures vary from 60 to 

80 Az and it is in accordance with the 

Major Fault Map of the Edwards 

Aquifer proposed by Collins and 

Havorka, 1997 (Fig. 3).  

 

 

 
 

Figure 3 – Major faults of the Edwards Carbonate Aquifer 

(www.edwardsaquifer.net/faults.html). 

 

 

Right side wall 1283 Road (Medina-

Bandera) 

 

 In this area we can see one of 

the best vertical exposures of the 

Edwards limestone containing 

abundant natural fractures. 

In the outcrop right side wall 

occurs an important fault and two 

minor ones (Figure 4). These faults are 

displacing a dark bed of grainstone, 

which was the pace chased for the 

scanline. Inside this dark bed 

grainstone some large vugs are 

observed. It was also observed three 

additional lines with large vugs on the 

outcrop wall. These large vugs are 

related to the fractures and to their 

intersection.  

 There are also small vugs 

related to the fractures. In the dark bed 

(grainstone) is fractures with dark and 

white cement were observed (Fig. 5). 

Sometimes chemical dissolution takes 

place in the fracture cement forming 

vugs (Fig. 6).  

 Fractures cutting through both 

small and large vugs were also 

observed along the dark grainstone 

bed. 

 

Scanline in the Kainer Formation… 

http://www.edwardsaquifer.net/faults.html


 

 
 

Figure 4 – Outcrop wall (right side Road 1283, Medina-Bandera) of Kainer 

Formation (Edwards Group), located at Latitude 29º33’40’’ N and Longitude 

98º54’17’’ W. 

 

  

   

 
 

Figure 5 – Fractures filled by white calcite cement in the dark bed grainstone. 
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Figure 6 – Vugs formed inside the fractures by chemical dissolution and posterior 

calcite recrystallization.  

 

 

Left side wall Road 1283 (Medina-Bandera) 

 

 The Figure 7 shows the left side wall 

outcrop where the second scanline was made (red 

line in Fig. 7), after the fault. It can be seen in 

both sides that the big vugs are into the dark bed 

grainstone (Figs. 4 and 7). 

 

 
Figure 7 - Outcrop wall (left side Road 1283, Medina-Bandera) of Kainer Formation. 

Scanlines 

Scanline in the Kainer Formation… 



 

Two scanline graphics were 

made to analyze the behavior of the 

fracture set trending 70Az. The first 

scanline graphic (Fig. 8) was made in 

the right side wall of the outcrop (red 

line in Fig. 4). This scanline with 

22.20m of length reach the major fault 

(name of the fault/direction). The 

second scanline graphic (Fig. 9) was 

made in the left side, with 17.65m of 

length (red line in Fig. 7). 

  

 
 

Figure 8 – Graphic showing the results of aperture size distribution obtained or 

measured in the first scanline, located on the right side wall outcrop of Kainer 

Formatiom (Edwards Group). 

 

 

 
 

Figure 9 – Graphic showing the results of aperture size distribution obtained int the 

second scanline on the left side wall outcrop of Kainer Formation (Edwards Group). 
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DISCUSSIONS AND 

CONCLUSIONS 

 

 The dark bed grainstone 

comprises the larger vugs observed in 

the outcrop wall (Figures 4 and 5).  

 A large fault (70Az) and more 

two other small ones (75Az) showed 

direction coincident with the regional 

pattern. These two directions of faults 

give rise to a small graben in the right 

side outcrop (Fig. 4). 

 The spatial arrangement of the 

natural fractures in figures 4 and 7 is a 

tipical of conjugate fractures pattern, 

and the fracture set trending is 70Az.  

 The great majority of fractures 

are sealed by calcite cement and a few 

of them show some vug porosities 

(formed by chemical dissolution of the 

fracture cement).  

 The measurements of the 

fractures aperture size ranged from 

0.075 to 5 mm. Two graphics with the 

fractures aperture distribution, 

cumulative frequency (F) versus 

aperture in the dark bed grainstones 

were built.   

 The correlation index of both 

scanline graphics (Figure 8 – right side 

of the road and Figure 9 - left side of 

the road scanlines) are R
2
 = 0.9826, 

with F = 1.1709b
-1.1558

 and R
2
 = 

0.9934, with F = 0.7035b
-1.1832

, 

respectivelly. Both results demonstrate 

a good correlation showing an 

excellent reliability in the data 

obtained. 

 The term emergent threshold is 

transition that marks the fracture size 

where porosity development 

predominates over rates of 

synkinetatic-cement precipitation 

during fracture opening (Laubach, 

2003). Emergent threshold is 

commonly in the range of about 1-

10mm in limestones (Gale, 2002).  

 The following observations 

were obtained from the graphic of 

Figure 8: a) maximum aperture of the 

observed and measured fractures were 

in the range of 0.01 to 10mm was 

5mm, b) density of the opening 

fractures at the same interval is 0.5 

fractures/m, c) average spacing of the 

opening fractures is 5m, d) density of 

the denser fracturing is 0.7 

fractures/m, and e) average spacing of 

the thicker fractures is 13m. 

The following observations 

were obtained or can be obtained from 

the graphic of Figure 9: a) maximum 

aperture of the fractures observed in 

the 0.01 to 100mm is 5mm, b) density 

of the opening fractures at the same 

interval is 0.5 fractures/m, c) average 

spacing of the opening fractures is 7m, 

d) density of the thicker fracture is 0.6 

fractures/m, and e) average spacing of 

the thicker fractures is 30m. 

 Both scanlines showed similar 

results, indicating the continuity of the 

regional fracturing pattern in the two 

studied outcrops. These results are 

important in building the fracture 

distribution in the geometry of the 

reservoir to be modeled.  
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