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SCIENCE

Geology of the Macao Special Administrative Region (China)
Pedro Quelhasa,b, Ricardo Borgesa, Ágata Alveirinho Diasa,b, Maria Luísa Ribeiroc, Pedro Costaa and
João Matab

aInstitute of Science and Environment, University of Saint Joseph, Macao, People’s Republic of China; bInstituto Dom Luiz, Faculdade de
Ciências, Universidade de Lisboa, Lisboa, Portugal; cLaboratório Nacional de Energia e Geologia (LNEG), Lisboa, Portugal

ABSTRACT
A 1:12,000 geological map of the Macao Special Administrative Region has been produced
through detailed field work supported by petrographic, mineralogical, geochronological and
geochemical data obtained in previous studies. This map aims to represent a reliable tool to
understand the geological evolution of the region and for management of the territory. The
geology of Macao is dominated by two groups of Jurassic granitic rocks belonging to an
intrusive suite located along the coast of Southeast China: Macao Group I (MGI: 164.5 ± 0.6
to 162.9 ± 0.7 Ma) and Macao Group II (MGII: 156.6 ± 0.2 to 155.5 ± 0.8 Ma), including the
associated microgranite, aplite and pegmatite dikes and quartz veins. Remnants of the
metasedimentary wall-rock are present as Devonian xenoliths enclosed within the granites.
Younger Jurassic to Cretaceous andesite to dacite dikes (150.6 ± 0.6 to <120 Ma) intrude the
granitic rocks. Additionally, Quaternary sedimentary deposits cover the older lithologies.
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1. Introduction and previous studies

Geological maps are fundamental to understand the
geological evolution of a given area, being the primary
source of information for land-use planning, assess-
ment of geological hazards and identification of
ground-water aquifers and potential ore bodies. For
this reason, we surveyed the Macao Special Adminis-
trative Region (SAR) and, in the light of recent
petrographic, mineralogical, geochronological and
geochemical data (Quelhas et al., 2020, 2021a) and
previous mapping (Ribeiro et al., 1992), produced a
new geological map at 1:12,000 scale.

Most of the first geological studies of Macao
focused on petrography of the volumetrically

dominant igneous rocks and on geological mapping
(Costa, 1944; Neiva, 1944; Lemos, 1963; Carrington
da Costa and Lemos, 1964). Rocha and Torquato
(1967) studied the mineralogical and microfaunal
composition of sands from Taipa and Coloane bea-
ches and Marques (1988) gave a major contribution
to the existing cartography and produced three
1:10,000 geological/geotechnical letters (see also
Marques and Silva, 1990a, 1990b). Later, Ribeiro
et al. (1992) carried out a comprehensive geological
study of Macao, which includes the geological map
of Macao at 1:5,000 scale and a detailed explanatory
note. Additionally, this study provided the first ages
of the Macao granites based on K-Ar dating of
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biotite, with most samples dated between 154 ± 5
and 168 ± 4 Ma and a younger one dated at 94 ±
2 Ma (see also Ribeiro et al., 2010).

A research project entitled ‘“MagIC – Petrology
and Geochemistry of Igneous Rocks from Macao:
Implications for the Crustal Evolution of Southern
China’” (2015–2018), funded by the Macao Science
and Technology Development Fund (FDCT), lead
to the first two peer-reviewed publications on the
geology of Macao, where high-precision zircon U-
Pb geochronology of the different magmatic facies
(Quelhas et al., 2020) and the petrogenesis of the
granitic rocks, based on their geochemistry (Quel-
has et al., 2021a), have been addressed. In sum,
two chemically and age distinct groups of I-type
granites have been recognized, Macao Group I
(MGI: 164.5 ± 0.6 to 162.9 ± 0.7 Ma) and Macao
Group II (MGII: 156.6 ± 0.2 to 155.5 ± 0.8 Ma),
which, despite being derived from the same source
(basaltic protolith of Paleoproterozoic–Mesoproter-
ozoic age), had different magmatic evolution his-
tories (Quelhas et al., 2020, 2021a). The isotope
homogeneity characterizing MGII granites (εNd(t)
≈ –8.6 and 87Sr/86Sr ≈ 0.7108) has been interpreted
to represent a comagmatic suite having evolved in
closed system, at odds with the observed for MGI
(εNd(t) ranging from–10.0 to –6.1 and initial
87Sr/86Sr between 0.7109 and 0.7201; Quelhas
et al., 2021a). Evidences such as an increase in
initial 87Sr/86Sr ratios with degree of evolution,
presence of metasedimentary xenoliths and a rela-
tively high percentage of zircon xenocrysts with
Paleozoic ages, have shown that assimilation–frac-
tional crystallization (AFC) processes, during
which upper-crust Paleozoic metasediments were
variably assimilated by MGI granitic magmas,
played an important role in the evolution of MGI
granites (Quelhas et al., 2021a). Moreover, magmas
of the two groups underwent different fractional
crystallization processes, producing distinct Rare
Earth Elements (REE) evolution trends: while MGI
magmas evolved by progressive enrichment in
heavy REE relative to light REE mainly due to frac-
tionation of monazite and allanite, magmas from
MGII are marked by depletion of middle REE,
reflecting a stronger effect of apatite and titanite
fractionation (Quelhas et al., 2020, 2021a, 2021b).
A mantle contribution to the genesis of Macao
granitic rocks is evidenced by the occurrence of
mantle-derived microgranular mafic enclaves
(MME), whose abundance, mineralogy and chemi-
cal compositions also differ in the two groups
(Quelhas et al., 2021a). In line with these studies,
the systematics and petrogenetic model considered
in the present study are those proposed by Quelhas
et al. (2021a, 2021b; see also Shellnutt et al., 2020,
for a different petrogenetic interpretation).

Our main aim is to integrate the findings of the
above-mentioned studies with more recent field,
geochronological and geochemical data to provide
the first comprehensive digital version of the geo-
logical map of the Macao (at 1:12,000 scale), which
will serve as an important basis for future geological
studies.

2. Methods

2.1. Field work and sampling

Field studies and sampling campaigns have been car-
ried out to produce the geologic map. Overall, 166
samples were collected during the MagIC project
(see Supplementary Files 1 and 2 for details on the
location and hand-sample description). Samples
stored at Laboratório Nacional de Energia e Geolo-
gia (Portugal), from outcrops no longer existent
due to increasing urbanization, were also studied.
Detailed macroscopic analysis, complemented by
petrographic/mineralogical, geochemical and geo-
chronological data (Quelhas et al., 2020, 2021a),
allowed the definition and characterization of differ-
ent lithofacies.

2.2. Map construction

The digitized 1:12,000 geological map of Macao was
created from the scanned cartographic base of the pre-
vious geological map surveyed at 1:5,000 scale (Ribeiro
et al., 1992). The ground control points used for geor-
eferencing were from the geodetic control points (first
and second order) maintained by the government of
the Macao SAR and are georeferenced to the Inter-
national Terrestrial Reference Frame 2005
(ITRF2005). Vectorized layers of geological units/fea-
tures were digitally drawn in the ArcGIS 10.3.1 soft-
ware as ArcGIS shapefiles (polygons). Other
information, such as roads and landfill limits, was
sourced from the Cartography and Cadastre Bureau
of Macao SAR and subsequently georeferenced. The
limits of the geological units in the digitized map fol-
low, generally, the principles set forth by the field work
carried out in 1991, with improvements made after
more recent field work and by using satellite imagery.
An ASTER GDEM digital elevation model (DEM)
Version 2 with ∼30 m spatial resolution (ERSDAC,
2011) was used for generation of the digital topogra-
phy, allowing to update the geological limits (sheet
ASTGTM2-N22E113, acquired in 2000 and released
in 2011). Additional updates to the geological units/
features resulted from recent petrographic/mineralo-
gical, geochronological and geochemical studies. The
digital topography obtained from the ASTER GDEM
DEMVersion 2 contained some anomalies that caused
inaccuracies in several areas of the map, specifically in
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highly-urbanized man-made landfill areas, which
prompted the need to manually review all individual
pixels of the satellite imagery pertaining to these
areas and correct them accordingly. Concerning the
limits of landfills, the new geological map shows
with more detail the evolution of man-made landfill
expansion from the time of the previous geological
map to the present day. Dates are shown in order to
aid interpretation, with a scheme design following
the method applied by the Survey and Mapping
Office (SMO) of the Hong Kong Special Administra-
tive Region on their 1:20,000 (Series: HGM20) geo-
logical maps (SMO, 2020). Archival sources, like
maps, urban plans and aerial photography, provided
dating information of the landfill evolution, which is
represented on the map in three shades of gray, con-
trasting the landfill construction from the nineteenth,
twentieth and twenty-first centuries, as well as with
number labels corresponding to the construction
year of different landfills.

3. Geology

3.1. Geological background

Macao is located in southern Guangdong province,
along the coast of SE China, on the western margin
of the Pearl River Delta (PRD; see inset map and
Figure 1). In this region, there is an abudance of grani-
tic intrusions belonging to the NE-trending Mesozoic
Southeast China Magmatic Belt, outcropping in the
southeastern part of the Cathaysia Block (see inset
map). The stratigraphic sequence consists of a metase-
dimentary Neo-proterozoic basement overlain by a
discontinuous Paleozoic to Mesozoic terrigenous
sequence with carbonate units, which is intruded by
widespread Jurassic to Cretaceous granitic and volca-
nic rocks (Figure 1).

Three main structural domains are identified
according to their dominant direction (NE-SW,
NW-SE and W-E; Figure 1). The NE-SW system is
the most prominent, whereas the other two mostly
intersect the NE-SW system and have a lesser
expression (e.g. Lancia et al., 2020). The emplacement
of granitic bodies was controlled by large-scale
regional NE-trending fault zones (Figure 1; Ribeiro
et al., 1992; Xia and Zhao, 2014). Some of these
regional structures constrained magma ascent during
regional plutonism and volcanism (Figure 1; Xia and
Zhao, 2014) and shaped the morphology of the PRD
basin and coast line (Lancia et al., 2020). One of the
most important tectonic structures in the coastal
region of SE China is the NE-trending Zhenghe-
Dapu Fault (ZDF) zone, which can be traced for
over 400 km through the coastal provinces of SE
China (see inset map and Figure 2) and is thought
to separate the western and eastern Cathaysia blocks

(e.g. Xu et al., 2007). Near Macao and Hong Kong,
the ZDF comprises a ∼30 km wide zone limited to
the north and to the south by the Shenzhen and the
Haifeng faults, respectively (Figure 1) and is associated
with several Late Mesozoic volcanic centers and pluto-
nic assemblages (e.g. Sewell and Campbell, 1997; Xia
and Zhao, 2014). Geochronological data has shown
that the granitic rocks intruded as discrete magmatic
pulses separated by periods of a few million years of
magmatic quiescence, suggesting that granitic plutons
were incrementally assembled (Quelhas et al, 2020;
Sewell et al., 2012).

To the west and north of Macao, most of the gran-
itoids intruded Paleozoic strata, as large plutons and/
or batholiths, during the Jurassic period (165–
150 Ma; e.g. Quelhas et al., 2020; Huang et al., 2013).
On the eastern margin of the PRD, Mesozoic volca-
nic-plutonic rocks of Jurassic to Early Cretaceous
age (165–140 Ma; Sewell et al., 2012) intruded Late
Paleozoic and Early to Middle Jurassic sedimentary
successions (Figure 1).

Although the PRD region corresponds to a Neo-
Paleozoic depression, superimposed and reworked
by several Paleozoic to Mesozoic tectonic events,
the Pearl River drainage basin was formed during
the Cenozoic due to uplift of the Tibetan Plateau
(Zong et al., 2009; Lancia et al., 2020) and has
been influenced by several transgression events
since the early Pleistocene (Zong, 2004). Until the
Late Quaternary, sediments from the drainage sys-
tem bypassed the receiving basin and were deposited
on the continental shelf and slope of the northern
South China Sea (Zong et al., 2009). During the
Late Quaternary, however, active fault systems
caused land subsidence of the receiving basin, lead-
ing to the deposition of terrestrial and marine sedi-
mentary units that overly Cretaceous–Paleogene
sandstones and Mesozoic granites (Zong et al.,
2009 and references therein).

The geology of Macao is dominated by granitic
intrusions, belonging to a batholith extending about
50 km to the north (Figure 1). These intrusions form
hills that stand out from adjacent landscape due to
their high relief (see geological sections accompanying
the map). Among the magmatic rocks, biotite granites,
with variable textural and mineralogical character-
istics, predominate. They contain MME and metasedi-
mentary xenoliths and are intruded by a relatively
diversified swarm of granitic and andesitic/dacitic
dikes and quartz veins. Below, a detailed description
of each lithofacies is provided.

3.2. Lithofacies

3.2.1. Magmatic rocks
3.2.1.1. Granitic rocks. Most of Macao granitic intru-
sions are covered by dense vegetation, leaving scarce

JOURNAL OF MAPS 259



and weathered outcrops of meter-wide rounded
boulders, either isolated or in chaotic jumbles of
large boulders (Figure 2a). This, together with the

increasing urbanization of the territory, has made
difficult the observation of field relationships between
different granitic facies. The best exposures are those

Figure 1. Geological map of the Pearl River Delta region (adapted from Guangdong, 1988; Xia and Zhao, 2014). Yanshanian mag-
matic rocks were formed during the Jurassic–Cretaceous period.
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of massive granites found along the coastline (Figure
2b) and road cuts (Figure 2c).

Two groups of biotite granites have been recognized
in Macao: microcline-bearing (MGI: 164.5 ± 0.6 to
162.9 ± 0.7 Ma; Figure 3a–d) and orthoclase-bearing
(MGII: 156.6 ± 0.2 to 155.5 ± 0.8 Ma; Figure 3e and f)
granites (Quelhas et al., 2020). The different K-feldspar
structures have been identified in hand specimen by the
gray whitish color of microcline as opposed to the pink-
ish color of orthoclase and also, under microscope, by
different types of twinning (albite/pericline vs. Carls-
bad, respectively; Quelhas et al., 2020). Although most
of the mineralogical components are common, there

are differences in the occurrence and abundance of
specific accessory phases, mineral chemistry and
whole-rock chemistry among the two groups.

In both groups, the porphyritic coarse-grained
granitic facies often host MME, easily recognized in
the field by their dark color (Figure 3d and f). Com-
pared with the host granite, MME generally contain
a similar mineral assemblage, but with higher contents
of biotite and plagioclase, and lower contents of quartz
and alkali feldspar (Quelhas et al., 2021a).

MGI granites are significantly more deformed
than MGII granites as evidenced by several micro-
scopic features such as strong undulatory

Figure 2. Representative outcrops of granitic rocks of Macao. (a) Rounded granitic boulder on a hill in Taipa; (b) Deformed granites
along a shear zone in a coastal area of Coloane; (c) Granitic rocks exposed in a road cut in Taipa, showing joints formed due to
thermal stress during the cooling of the pluton.
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extinction, subgranulation and bands of crushed
minerals (e.g. quartz and alkali feldspar; see Quel-
has et al., 2020). The ubiquitous presence of micro-
cline in this group has also been interpreted as
being suggestive of high degrees of deformation,
which may have acted as an external mechanism
for the inversion of an earlier monoclinic (ortho-
clase) to a triclinic (microcline) K-feldspar phase
(Quelhas et al., 2020).
3.2.1.1.1. Macao Group I (MGI). The MGI granites
outcrop in Taipa and Coloane areas, though a small
occurrence in the southernmost tip of Macao Penin-
sula has been also identified. Overall, they are gray
to whitish in color and have as major mineral com-
ponents quartz (30–35 vol%), alkali feldspar (35–
40 vol%) and plagioclase (20–25 vol%), with minor
amounts of biotite (10–15 vol%; these percentages
are approximate estimates based on detailed petro-
graphic observation of several thin sections). This
group can be further divided into two sub-groups
based on grain size and mineralogy (see map; Figure
3a and b).

The porphyritic varieties, characterized by the pres-
ence of large microcline megacrysts, vary from very
coarse-grained in Coloane (Figure 3a) to medium-
to coarse-grained in Taipa. Compared to porphyritic
varieties, the non-porphyritic ones are characterized
by comparatively smaller grain size, xenomorphic tex-
ture and by the occurrence of garnet as accessory
phase (Figure 3b). In addition, small stocks of fine-
to medium-grained non-porphyritic garnet-bearing
biotite-microcline granites occur in Macao Peninsula
and Coloane and have as distinctive mineralogical fea-
tures the occurrence of large garnet grains and acicular
biotite (Figure 3c).

Metasedimentary xenoliths are frequently hosted
by the non-porphyritic facies (Figure 5c). MGI
MME (Figure 3d) have variable sizes (centimeter to
decimeter-wide, up to 1 meter in width) and vary
from monzogranite to granodiorite, containing acicu-
lar biotite and no accessory titanite. They occur as
irregular blobs, oval and elongated in shape, with
sharp contacts with the host granite (Figure 3d). Tex-
tures vary from slightly porphyritic with alkali feldspar

Figure 3. Granitic facies of Macao. (a) MGI very coarse-grained porphyritic biotite-microcline granite from Coloane; (b) MGI coarse-
grained non-porphyritic garnet-bearing biotite-microcline granite from Taipa; (c) MGI fine- to medium-grained non-porphyritic
garnet-bearing granite from Coloane, with large brownish red garnet grains; (d) MGI MME from Coloane, showing a K-feldspar
crossing the boundary between the MME and the host granite; (e) MGII coarse-grained porphyritic biotite-orthoclase granite
from Macao Peninsula; (f) MGII MME from Macao Peninsula surrounded by pinkish orthoclase megacrysts. MME – microgranular
mafic enclaves.
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megacrysts to fine-grained equigranular hypidio-
morphic (Quelhas et al., 2021a).
3.2.1.1.2. Macao Group II (MGII). The less abundant
MGII granites mainly outcrop in Macao Peninsula,
with a small outcrop in the easternmost tip of Taipa.
They are pinkish in color (Figure 3e and f) and their
major mineralogical components are quartz (30–
35 vol%), alkali feldspar (35–40 vol%), plagioclase
(20–25 vol%) and biotite (10–15 vol%). No garnet
has been identified in this group and, contrasting
with MGI granites, euhedral titanite is particularly
abundant and well-developed (Quelhas et al., 2020).
According to textural and mineralogical features,
this group can be further divided into two sub-groups:
(1) coarse-grained porphyritic biotite-orthoclase gran-
ite (Figure 3e) and; (2) fine- to medium-grained non
porphyritic biotite-orthoclase granite.

No metasedimentary xenoliths have been found in
this group. Quelhas et al. (2021a) has interpreted this
observation based on the fact that the MGI granites (at
least ∼6 Ma older than MGII) intruded the upper
crust, facilitating the assimilation of supracrustal sedi-
mentary materials, whereas the second granitic pulse

(MGII) took the ascension route previously followed
by MGI magmas, intruding the MGI granites at shal-
low crustal levels. Therefore, MGI granites acted as the
wall rock for MGII granitic magmas rather than the
supracrustal sedimentary strata, precluding the possi-
bility of significant assimilation of sedimentary
materials in MGII (Quelhas et al., 2021a).

MGII MME are distinguished from MGI MME by
their comparatively smaller size (Figure 3f). They are
mostly quartz monzodiorites and contain abundant
titanite and, in some cases, hornblende. They have
sharp to diffusive contacts with their host and occur
as centimeter to decimeter-wide round-shaped blobs.
The texture varies from fine- to medium-grained
slightly porphyritic (with orthoclase megacrysts) to
fine-grained moderately equigranular hypidiomorphic
(Quelhas et al., 2021a).

3.2.1.2. Felsic dikes
3.2.1.2.1. Microgranite dikes. Microgranite dikes
(Figure 4a and b) tendo to be more abundant in
some areas of the territory (e.g. northeastern areas of
Taipa main intrusions) and display a wide range of

Figure 4. Granitic dikes of Macao. (a) Microgranite dike cutting the MGI coarse-grained porphyritic biotite-microcline granite from
Taipa; (b) Fine-grained equigranular texture of a microgranite dike; (c) Aplite-pegmatite dike with the pegmatite in the center
bordered by aplite; (d) Aplite vein cutting the MGI coarse-grained porphyritic biotite-microcline granite from Coloane; (e) Pod-
shaped pegmatite associated with the MGI fine- to medium-grained non-porphyritic garnet-bearing biotite-microcline granite
from Coloane; (f) Quartz vein with centimeter-long crystals growing perpendicularly to the vein wall.
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widths (from centimeter to meter-wide). They are leu-
cocratic (in some cases slightly pinkish due to K-feld-
spar alteration) and have a fine-grained (<0.1 cm)
moderately equigranular xenomorphic texture (Figure
4b).
3.2.1.2.2. Aplite/pegmatite dikes. Aplites and pegma-
tites show diffuse irregular (Figure 4c) to relatively
sharp (Figure 4d) contacts against the host granite.
Pegmatites occur essentially as dikes cross-cutting
fine-grained granitic facies or, more rarely, as pod-
shaped bodies within the granites (up to 1 meter in
width; see Figure 4e). Aplite dikes are centimeter- to
decimeter-wide and are characterized by a very fine-
grained (<0.1 cm) moderately equigranular xeno-
morphic texture with abundant garnet crystals as
accessory mineral (Quelhas et al., 2021a). These two
lithotypes have been mapped with the same symbol
(although with distinct labels indicating the predomi-
nant lithotype in a given dike) due to the fact that they
represent magmatic liquids of similar degree of evol-
ution and often occur together as composite dikes
with gradual variations between pegmatitic and aplitic
textures (Figure 4c).

3.2.1.3. Quartz veins. Quartz veins are abundant and
intrude all the above-mentioned granitic rocks and
dikes. They are usually centimeter to decimeter-
wide, with some reaching larger sizes (> 0.5 m), and
the contact with the host granites is sharp and regular.
Quartz is usually massive and milky, though hyaline
euhedral prismatic crystals with lengths of some

centimeters (<10 cm), growing parallel to each other
and perpendicularly to the fracture, have also been
identified in the larger veins (Figure 4f).

3.2.1.4. Andesite/dacite dikes. Despite being relatively
rare, andesite/dacite dikes (150.6 ± 0.6 to <120 Ma;
Quelhas et al., 2020) are found cutting all the granitic
facies (Figure 5a). In Taipa, these dikes have variable
widths (decimeter to meter-wide) with sharp contacts
against the host granite, while in Coloane they often
occur as small enclaves or lenticular bodies with
well-defined regular contours. Their texture varies
from aphanitic to slightly porphyritic with euhedral
to subhedral tabular plagioclase (<0.5 cm) and pris-
matic amphibole (<0.1 cm) phenocrysts within an
aphanitic matrix mainly composed of K-feldspar and
microcrystalline quartz and minor Fe-Ti oxides
(Quelhas et al., 2020). In the field, they are recognized
by a greenish color (Figure 5b) due to the presence of
chlorite and epidote, which formed by variable degrees
(moderate to strong) of post-magmatic alteration.

3.2.2. Metasedimentary rocks
The metasedimentary rocks consist of altered fine-
grained quartz-rich pelites of Devonian age (as esti-
mated through lithologic correlation with similar
units in neighboring areas; Ribeiro et al., 1992),
which outcrop in Coloane as meter-wide (<1,5 m)
xenoliths enclosed within the granites (Figure 5c).
These xenoliths show slaty cleavage with variable
direction and, in some cases, being discordant with

Figure 5. Other magmatic and metamorphic lithofacies of Macao. (a) Dacite dike intruding highly altered MGI granitic rocks in
Taipa; (b) Dacite dike with some quartz amygdales within an aphanitic texture; (c) Metasedimentary xenolith hosted and intruded
by the MGI fine- to medium-grained non-porphyritic biotite-microcline granite in Coloane.
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the direction of the sharp contacts against the host
granite, indicating that they have been foliated prior
to the emplacement of the granites. They are mainly
composed of variable proportions of quartz, plagio-
clase, white mica, titanite and Ti-Fe oxides.

3.2.3. Surficial sedimentary deposits
The youngest lithologies in Macao consist of Holo-
cene–Pleistocene sedimentary deposits of marine,
river and continental nature. Most of these sediments
originated from weathering processes in subtropical
conditions and were accumulated in basins created
by fracturing/faulting of the granitic rocks since the
Late Mesozoic (Marques, 1988; Ribeiro et al., 1992).
Five types of deposits can be recognized (see also
Ribeiro et al., 1992 and references therein): (1) arkose
deposits: fluvial quartz- and feldspar-rich sandstones
with kaolinitic matrix (Figure 6a), occasionally

intercalated with decimeter-wide lenses of clay-rich
sediments and ferruginous sandstone; (2) slope depos-
its: alluvial conglomerates composed of coarse-
grained heterogranular clasts of granitic rocks, quartz
and other lithologies, agglutinated by a clay-sandy
matrix of brownish red color; (3) beach deposits:
sands of fluvial-marine origin containing a wide
range of mineralogical components, mostly derived
from local lithologies, where the high percentage of
chlorite, biotite, clay and oxides often confers them a
dark color (Figure 6b); (4) coast deposits: fine-grained
poorly polished sands showing evidence for aeolian
transport; (5) alluvial deposits (Figure 6c): fine-
grained brown to black color clay-rich sediments,
with high percentage of organic matter and some per-
centage of sand-silt component.

In addition to these, Holocene fluvial-marine and
Pleistocene alluvial units have also been recognized
offshore from borehole stratigraphies (see geological
sections accompanying the main map and also
Marques, 1988; Ribeiro et al., 1992). The geological
sections show that the thickness of the Quaternary
deposits is variable and controlled by the morphology
of the underlying granitic bedrock, though a
maximum thickness of around 25 meters is estimated
for the Holocene sequence (geological section C–D).
The coast, beach and alluvial deposits outcropping
in the territory are proximal facies of the Holocene
sedimentary sequence, having as more distal facies
fluvial-marine deposits characterized by different
proportions of sand, silt and clay components (see
geological sections C–D and E–F). The Pleistocene–
Holocene arkose and slope deposits, on the
other hand, are more proximal equivalents of the
Pleistocene alluvial deposits identified by Marques
(1988).

3.3. A brief note on the structural geology

An extensive and detailed study of the structural
geology of Macao has been conducted by Ribeiro
et al. (1992). In the current version of the geological
map of Macao SAR no changes to this aspect are pro-
posed and only confirmed faults in the field were rep-
resented (except for the inferred geological limit
between MGI and MGII granites in Taipa). Overall,
two main structural systems (ENE-WSW and NW-
SE) and four secondary ones (NE-SW; N-S to NNE-
SSW; W-E; and NW-SE) have been recognized in
Macao (see Ribeiro et al., 1992 for more details).

Ribeiro et al. (1992) has assigned some of the frac-
ture and fault systems affecting the granites to one
cycle of deformation related to the Yanshanian Oro-
geny; however, the authors also emphasize a possible
subsequent influence of the, still active, Shenzhen-
Wuhua fault zone (Figure 1), which is concordant
with one of the main fracture systems (ENE-WSW)

Figure 6. Surficial sedimentary deposits of Macao. (a) Arkose
deposit in Coloane; (b) Beach sediments in Coloane; (c) Alluvial
sediments in Taipa.
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in Macao (also continuous throughout the PRD
region; e.g. Sun et al., 2010). Although the opening
of the NE-trending PRD basin is thought to have
occurred during the Early Cenozoic (e.g. Zhou et al.,
1995), previous studies suggest that the formation of
the PRD basin was strongly controlled by pre-Ceno-
zoic structures (e.g. Sun et al., 2010). In Macao, this
precept is reinforced by the resetting of the K-Ar sys-
tem in biotites of Jurassic granites during the Late Cre-
taceous (94 ± 2 Ma) near an important ENE-WSW-
trending shear zone in Coloane (Quelhas et al.,
2020), suggesting pre-Cenozoic tectonic activity in
the territory.

4. Conclusions

The new geological map of Macao represents an accu-
rate and updated basis for understanding the geologi-
cal evolution of this area of SE China. The map has
relevance for the understanding of the Late Mesozoic
magmatic evolution in the region, as it provides new
insights into the distribution of magmatic rocks, at
large scale (1:12,000), in this area of the PRD. The
map includes an updated stratigraphic reconstruction
of the Macao intrusive suite lithologies and their age.
It also represents an invaluable contribution towards
the knowledge of the geological diversity of the terri-
tory, which may have important implications not
only for future geological studies but also to other rel-
evant areas such as engineering, urban planning and
environmental sciences.

Software

Georeferencing and digitization were performed using
ESRI ArcGis 10.3.1. Correction of anomalies in the
digital topography was performed with QGIS 2.18.3.
The final map layout and pictures were produced
using CorelDRAW X8.
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