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Fig. 1 Morphological characteristics of illite-smectite mixed-layer clay minerals: (a) Three-dimensional stacking of the growth layer;

(b) Transverse morphology characteristics of the growth layer; (c) Longitudinal morphology characteristics of the growth layer.

1 PRRER LTI

Table 1 Ladder height of illite-smectite mixed-layer clay minerals.

45 Wi (nm)
[# 1a-A 0.569 0.628 0.814 0.704 0.627 0.671 0.674 0.603 0.835
[# 1a-B 0.537 0.42 0.465 0.41 0.364 0.856 0.716 0.683 1.008
& 1a-C 0.516 0.747 0.862 0.359 0.48 0.658 0.319 0.387 0.54
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Fig. 2 Morphologic characteristics of chlorite: (a) Chlorite longitudinal no-gap superposition; (b) Plane morphology of chlorite

growth layer; (c) Near-regular polygon of chlorite.
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Fig.3 Mineral morphologies of illite in 10pm>10um large field of view: (a) Morphology characteristics of illite microcrystalline
aggregate; (b) Morphology of scaly illite; (c) Morphological characteristics of illite aggregate.
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Fig. 4 Mineral morphologies of illite in 1umx1um fine scanning images: (a) Morphology of illite growth layer; (b) Morphology of

illite regular growth layer; (c) Illite growth layer space stacking.
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The Morphological Characteristics of Clay Minerals in a Tight Sandstone
Reservoir by Atomic Force Microscopy

WANG Kunyang, DU Gu', WANG Guan, HE Jiale
(Chengdu Center, China Geological Survey, Chengdu 610081, China)

HIGHLIGHTS

(1) Atomic force microscopy (AFM) overcomes the influence of surface charge of clay minerals and accurately
characterizes the surface nanometer/sub-nanometer morphology of clay minerals, which is an effective method
for micro-region morphology observation.

(2) Crystal surface steps were developed on the surface of clay minerals in Xujiahe tight sandstone in western
Sichuan, which were the main component of nanopores.

(3) The thickness of different clay mineral growth layers in the same diagenetic stage was different, and there was a

spatial coupling relationship with diagenetic processes.

ABSTRACT: Clay minerals, as one of the main components of unconventional oil and gas reservoirs, have
significant implications for the evaluation of unconventional oil and gas reservoirs in terms of their fine
characterization of nano/sub-nano morphological features. By using atomic force microscopy (AFM) micro-area
analysis technology, the problem of secondary modification of nano-pore structure caused by the conductive film in
the pretreatment process of electron microscopy was solved; it made up for the defect that electron microscopy
requires the sample to be conductive and can directly observe the morphological characteristics of the sample. Here,
it was observed through AFM, that in the late diagenetic stage of the tight sandstone of the Xujiahe Formation in
western Sichuan, some clay minerals developed parallel stepped stripes, with a large number of nano-pores formed
at the concave angles on both sides of the steps, which were the main components of inorganic pores. Secondly, clay
minerals had the same diagenetic evolution sequence, but their crystal morphologies were different, indicating that
there was a spatial coupling relationship between their morphological features and diagenesis. The BRIEF REPORT
is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202404040075.

KEY WORDS: atomic force microscopy; tight sandstone; illite-smectite mixed-layer clay minerals; chlorite; illite;

growth ladder; Xujiahe Formation in western Sichuan

BRIEF REPORT

Significance: Tight sandstone gas, as an important part of unconventional oil and gas resources, is the main
substitute for conventional oil and gas resources. The study of mineralogical characteristics of tight sandstone
reservoirs has always been a hot spot in the field of unconventional oil and gas. Clay minerals are one of the main
constituent minerals of tight sandstone reservoirs. Focusing on the morphological characteristics of clay minerals
cannot only establish a correspondence between different stages of sedimentary rock formation and the
morphological characteristics of clay minerals, but can also trace the influence of temperature, impurities, and
atomic behavior on the micro-morphological features of crystals during crystal growth, providing a basis for
research on sedimentary environments and reservoir evaluation, with significant research significance. Here, the fine
characterization of the etch image of a quartz surface was carried out using AFM, revealing nanoscale rims,
dislocation grooves, shells, and sub-nanometer/nanometer-scale morphological features of feldspar surfaces. This
work confirms the edge migration model of silicate dissolution and growth and reveals the mechanism of crystal growth.
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Methods: The sample is a core of a tight sandstone reservoir from the Xiujiahe Formation in western Sichuan. The
sample was crushed to 200 mesh, and clay minerals were extracted according to the standard Analysis Method for
Clay Minerals and Ordinary Non-Clay Minerals in Sedimentary Rocks by the X-Ray Diffraction (SY/T
5163—2018). The extracted clay minerals were prepared into a 5% solution and dropped onto a clean glass slide.
After natural air drying, the slide was used for testing. The testing was performed using a Park NX10 atomic force
microscope, with the following parameters set: scanning frequency of 0.15Hz to 0.4Hz, threshold (Setpoint) of
20nm, XY scanning range of 100pmx100pum, and Z scanning range of 15um.

Data and Results: The surface morphology of illite-smectite mixed-layer clay minerals was observed using atomic
force microscopy. Based on the crystal orientation difference, it was found that there were two grain boundaries in
the 1pmx1um scanning area, dividing the scanning area into three grains with a size of 100 to 300nm. The grains
were formed by the stacking of horizontal growth layers in three-dimensional space, and the spacing of the crystal
edges showed an overall pattern of being denser at the bottom and sparser at the top. The growth layers of illite
formed a unique “pagoda” shape when stacked in space, and the crystal edges of illite and smectite were locally
eroded in a bay-like shape rather than the ideal flat and straight crystal growth end state. Additionally, through
quantitative analysis, the step spacing at the upper part of the grains was concentrated at 0.6nm=, and the step
spacing at the lower part of the grains was concentrated at 0.3 to 0.8nm. The growth layers of chlorite mainly had
two morphological characteristics: one was the ideal flat and straight near-hexagonal crystal growth end state, and
the growth layers were regularly stacked without gaps in the vertical direction; the other was an irregular spindle
shape, which alternated with the near-hexagonal crystal growth layers in the vertical direction. Through the detailed
characterization of atomic force microscopy, it was revealed that the growth layers of chlorite in the growth state
were parallelly pushed outward from small to large, with straight and parallel crystal edges. Additionally, through
quantitative analysis, the single-layer thickness of the chlorite crystal growth layers was approximately Snm. The
morphology of illite aggregates was irregular, with locally eroded boundaries in a bay-like shape. Due to the
erosion, step faces (S) developed at the boundaries of the illite aggregates, and local illite flaky microcrystals were
observed on the crystal faces of the aggregates. In the fine scan images, the growth layers of illite crystals were
mainly amorphous, with flat surfaces, and straight and eroded bay-like crystal edges appearing alternately.

Additionally, through quantitative analysis, the thickness of the illite growth layers was 4 to 7nm.

Sk Frontiers, 1994, 1(3—4): 204-209.
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