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Method o f  sedimentary basin reconstruction and 
compilation o f  lithoíacies - paleogeographic maps

Sum m ary. A sccondary basin corresponds wilh a second order đepositional cycle, is limited by 
two erosional surfaces which arc also the boundaries of a scismic scquence. In othcr vvords, a 
secondary basin is a component of an overall scdimentary basin.
A secondary basin is íormcd at the same time with a tectonic phase where thc three most important 
íactors are ĩaulting, subsidence and uplifting. Basin-forming faults are usually normal íaults and 
are called "syn-depositional fault".
The reconstruction o f a sedimcntary basin is rather complicated, but it is very ncccssary for basin 
analysis, facial analysis and compilation of lithoĩacies-palcogeographic maps, as the dimensions 
and thickness of the present secondary basin are not the same as o f the primitive basin. To get a 
true picture o f the primitive basin one must carry out the following steps:
- Drawing the reconstructed geoỉogic sections
- Reconstructing the sediment thickness

where h| is the primitive thickncss 
h2 is the present thickness
K is the shrinkagc coefficient (dcpcnding on the rock typc)
P| is the primitive common porosity 
p2 is the prcsent common porosity
- Reconstructing the integrated gcologic-sedimentary scctions: 
+ VVidth o f  thc basin

vvhere c  is a correction coefficicnt: c=1.25 (diagenetic stage), 1.55 (catagenetic stage) and 1.9 
(metagenctic stage).
+ Thickness o f the basin:
H| = ch2
- Reconstructing thc boundaries o f the basin
- Reconstructing the isopach map
- Compiling the lithoĩacies-paleogeographic map.
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In tro d u c tio n

So far scdim entologists usually draw  
lithoíacies-paleogeographic m aps with 
om ission o f  a principlcd stage, i.e. the 
reconstruction secondary sedim cntary basins [1- 
3]. So w hat is a  sccondary sedim entary basin 
and why m ust they bc reconstructed before 
c o m p ilin g  a lithofacies-palcogeographic map?

The lcm i ■■secondary  basin " w as proposed 
by the author w hile  im plcm cnting thc rcsearch 
project “ Stratigraphic and lithofacies- 
paleogeocraphic studics o f  K Z sedim ents in 
Bach IIo and R ong oil ficlds, C uu Long basin”, 
in 2000 [4].

“Secondary basin is a daughter basin 
fo rm ed  in a certa in  s lage in the evolution  
history o f  the  m o ther basin, controlled  by a 
tectonic pha.se consisting o f  rifting. subsidence, 
syn-depositional /a u ltin g  or fo ld in g  
com pression a n d  uplựìing, /o rm in g  an 
independent geostructure  w ith clear low er and  
uppcr boundarìes. Severa l secondary basins 
(daughter basins) ỉtiake up a large basin  
(m other basin) characterízing  a certain tectonic  
phase.

A ccording to  their size and classiíĩcation 
criteria, secondary scdim entary  basins usually 
correspond w ith  a depositional cycle and in tum  
each dcpositional cycle corresponds w ith  a 
seism ic sequencc lim itcd by tw o erosional 
surĩaces (depositional gaps). The boundary o f  
dcpositional cycles coincides w ith a seism ic 
reAection surĩace.

The m atlcr to  bc discussed in this paper is 
w hy is it necessary  to rcconstruct thc gcologic- 
sedim entary scctions and isopach m aps when 
com piling lithofacies-paleogeographic maps?. 
The reason is very  sim ple: all thc present basin 
param eters are  only  apparent and even in the 
form  o f  “rem ainders”, “residuals”, subjected to 
secondary alterations and volum etric shrinkage

in all three dim ensions o f  the sedim entary 
basin. T hercíbre, the task o f  the geologists - 
sedim entologists is lo  find a rcasonab le m ethod 
to “reconstruct" thc prim itive natural 
geographic condition o f  thc secondary basins in 
the evolution history o f  the com m on basin.

T he m ethod o f  rcconstruction consists o f  5 
steps:

1/ R econstruction o f  the gcological section.

2 / R cconstruction o f  the th ickness and 
volum e o f  thc sccondary basin (daughter basin).

3/ D eveloping thc form ula for 
reconstruction o f  gcologic-scdim entary  section 
o f  a secondary basin.

4 / R econstructing thc prim ary basin  (m other 
basin).

5 / Dravving the lithofacies-palcogeographic 

map.

To accom plish this w ork, the author has 
received the funding from  the Basic research 
program  in 2004. O n this occasion  the author 
w ould like to ex tend  to  thc N atural Sciences 
C ouncil -  Earth Sciences C ouncil h is best 
regards and dcepcst thanks

1. R econstruction o f  gcological scction

1.1. DealiníỊ with nonna l faults

Let Lt be the lateral d isplacem ent created 
by a norm al fault. If  in a section there  are n 
norm al faults, the vvidth o f  the prim itive basin 
L„, m ust be equal the present w id th  Lhl m inus

, so  w e h a v e  th e  fo llo w in g  g enera l
i=l

íorm ula:

U t = U i - Ỳ L u ( J )
/-I

w here: Lnt is the w idth  o f  the prim itive basin; 
Lht is the vvidth o f  thc p resen t basin.
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1.2. D eaỉing with reverse/aults

A reverse fault reduces the vvidth o f  the 
basin (Fig. 2). I f  there are m reverse faults, the 
w idth o f  the prim itive basin m ust be equal the

m
w idth o f  the present basin  p lus ^  L n i, where

/=1

Fig.

Ln is the lateral d isp lacem ent o f  a revcrse tầult. 
We have the follow ing form ula:

L nt= Lht +  L ni (2)
/=1

1. Norrnal fault. ___ ____ __________ Fig. 2. Reverse fault.

3 .  M i d d l e  M i o c c n e  s e c t i o n  

R3 R6 R7

I .  O l i g o c e n e  s c c t i o n

2 .  E a r l y  M i o c c n e  s c c t i o n  

R3 R6 R7

Fig. 3a. Reconstructed geologic-sedimentary sections of Rong oilíìeld - Cuu Long basin (Oligocene -  Midđle
Miocene).
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4. Late Oligoccnc section

5. Pliocene-Quaternary section (N2-Q) 

R3 R6 R7

l;ig. 3b. Reconstructed geologic-sedimentary sections of Rong oilíìeld - Cuu Long basin (Late Miocene -  Present).
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1.3. Dealing m th  fo ld s

W hen the sedim ents are com pressed, they 
are folded and this also reduces the w idth o f  the 
basin (Fig. 4). I f  there are f  íb lds in the section 
being exam ined, the w idth o f  the prim itive 
basin must be the w idth o f  the prescnt basin

/
plus ^ L u i . Let Lu/2 be one h a lf  o f  the lateral

Ì-I
displaccm cnt o f  a  fold, the gencral adjustm ent 
íbrm ula is:

u ,-L h , +  ± L UI
i=l

(3)

m

Fig. 5. Seismic section showing clearly the folds o f ứie ưpper Mioccne scdiments in the Red Rivcr
sedimcntary basin(Total, 1999).
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Thus, íìnally i f  in one section there are all 
the above m entioned đeíorm ation íactors, the 
w idth o f  the prim itive basin is calculated as 
íollovvs:

n m f

L ^ U x -  ỵ , L „ + ỵ i „  +
1=1 /=1 /=l

(4)

where: Lnt is the w idth o f  the pnm itive  basin; 
Lht is the vvidth o f  the present basin [4].

1.4. Dealing with the defonnations due to 
volcanic activities

Y ong volcanic activities usually  deíbrm  
strongly secondary basins. O ccasionally  the 
penetration o f  a w hole secondary basin by 
volcanoes causcs conĩusion in determ ining the

shape and thickness o f  the basin  (Fig. 6). To 
reconstruct a section defo im ed by volcanic 
activities, fưst o f  all one m ust determ ine thc age 
o f  the volcanic extrusion, then caiTy out facial 
analysis at the m argins o f  the basin and the 
extrusive m agm atic bodies.

The indications for identification o f 
secondary penetrated by volcanoes include:

- T he  m arg in s  o f  th e  basin  are com posed o f  

shallovv m arine clay

- The c lo se r  to  th e  e x tru s iv e  body, the 
thicker the sedim ents

- T he boundary betw een the sedim ents and 
extrusive form ations is a broken zone caused by 
the extrusion.

** ể  ể  
J K i  , ' ĩ ữ '  : » r c  '/'■'Xế : * « !  Ĩ Ì< Q  Ỉ J Ì ' -  J « r ỉ  I  w  ' ũ n -  i ‘ ữ>  l ' X  - - J C C  1 V C K ' I H V r  1 Í K 3

Fig. 6. Oligocene, Miocene, Pliocene -  Quatemary secondary basins deĩormed by young volcanoes.

2. R e c o n s tru c tin g  th e  th ick n ess  a n d  volum cs 
o f  scco n d a ry  scd im c n ta ry  basin s

2. /. The thickness o f  a secondary basứi is 
considered as the edge o f  a cube. W hen the

sediment change, its volume decreases depending 
on the decrease o f  ữie com m on porosity o f  the 
sediment and the shrinkage coeữìcient (K). So the 
parameters present porosity (P2), primitive 
porosity (P l)  and shrinkage coefficient (K) are 
used for calculating the thickness.
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Let V ị  be  the  present unit volum e, v 2 is 
calcu lated  as follows:

v2 =  h2

V, = k . K Â

(5 )

(6)

w here k is correction coefficient (an empirical 
coeffícicn t, depending on thc shrinkage o f  each 
sed im ent type):

Gravel: k =  1

Sandstone: k =  1

Siltstone: k  = 0.8

C laystone: k =  0.5

Pi is p rim itive com m on porosity , p2 is the 
present com m on porosity . Substitu ting (5) to
(6) w e have:

K = K -
R

(7)

Let h | bc the edge o f  the prim itive cube (the 
th ickT iess o f  th e  p n m itiv e  s e d im e n t) ,  w e  h av e :

hx = t h ì \ K ,

(8)

(9)

Fig. 7. ITie cubes representing ihe prcscnt and 
primitive sediments.

h2: Edge o f the cube representing the present 
sediments. 

h l: Edge o f the cube represcnting the 
primitive sediments.

2.2. Correction o f  th icb ĩess accorditìg to porosity

The value o f  com m on porosity P] 
(unconsolidated sedim ents) and p2 (ccm entcd 
sedim ents) vary depending  on the secondary 
alteration and type o f  sedim ents:

❖ T h e  p o ro s ỉtie s  o f  uncou so lid a ted  
sedim ents (syn-gcnetic  porosity) as 
dcterm ined for the Q uatem ary  scdim ents o f 
the Red river basin ha v e  averagc values Pi 
as follows:

+  Cobble, gravel: P1 =  40 %  (0.4)

+  Sand: P1 = 5 0 %  (0.5)

+ Silt: P1 = 6 0 %  (0.6)

+  Clay: P1 =  70%  (0.7).

+ C laystone: p 2 =  8%  (0 .08)

❖ Porosity o f  cem ented  scdim ents: Rocks 
have the follow ing averagc porosities p 2 
depcnding on the degree  o f  secondary 
alteration o f  the rocks (diagenetic, 
catagenetic and  m etagenetic  stages):

■ D iagenetic stage:

+  Conglom erate: p 2 =  25%  (0.25)

+  Sandstone: p 2 =  20%  (0.20) (Fig. 7)

+  Siltstone: p 2 =  25%  (0 .25)

+  Claystone: p 2 =  15% (0 .15)
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Fig. 8. Upper Crctaccous sandstone in Phu Quoc basin 
in the điagenetic stagc (porosity 20%, I = 0,25), N \  

x90.

■ Catagenetic stage:
+ C onglom crate: p 2 = 15% (0.15)

+ Sandstone: p 2 =  15% (0.15) (Fig. 8) 

+  Siltstone: p 2 =  10% (0.1)

■ Metagenetic stage
+ C onglom erate: 5% (0.05)

+ Sandstone: 8%  (0.08) (Fig. 9)

+ Siltstone: 7%  (0.07)

Fig. 9. Mioccnc arkosic sandstone in Cuu Long basin in 
the catagenetic stage (porosity 15%, I =  0,6), N \  x90.

+  C laystone: 5%  (0.05)

Thus, form ula (9) is applied for calculating 
thc dim ension o f  a sedim entary  basin in three- 
dim ensional space in three stages as follows:

■ D iagcnelic stage (10)

a. Conglom erate:

I 0.4
h|gr= h2gr = l-2 h 2gr

Fig. 10. Oligocene sandstone in the Red River basin in the 
carly mctagenetic stage (porosity 3%), N+, x90.



212 T. Nghi i VN U  lournal o f Science, Earth Sciences 25 (2009) 204-216

b. Sandstone:

0.5
h lc l =  h2cl?/0.5.

0.7
= 1.6 h2cl

h ls  = h2s 3/1.—  =1.3h2sV 0.2

c. Siltstone:

0.08

■ M etagenetic stage (12) 

a. Conglom crate:

h ls il  =  h2sil ỉ  0 .8 .—  = 1.2 h2sil
0.3

0 4
h lg r  = h 2 g r Ị ì . = 2 h2gr

0.05

d. Claystone: b. Sandstone:

0.7
h lc l = h2cl Ị /0 .5 .— -  =  1.3 h2cl V 0.15

■ C atagenetic stage (11) 

a. Conglom erate:

h lg r  =  h2gr ĩ  =1.4  h2gr

h ls  =  h 2 s ' I.

c. Siltstone:

0.5

0.08
=  1.8 h2s

0.15

h ls il  = h2sil ’ 0.8.

d. C laystone:

0.6
0.07

=  1.9 h2sil

b. Sandstone:

h ls  = h2s ?1.

c. Siltstonc:

0.5

0.25

h lc l =  h2cl.' 0.5.

= 1.5 h2s

0.7

0.05
=  1.9 h2cl

h ls i l  =  h2sil 3/0.8.

d. C laystone:

0.6
0.10

= 1.7 h2sil

From hcrc one can build  a table o f  prim itive 
sedim ent thickness o f  a secondary basin in cach 
stage o f  scconđary alteration and for each typc 
o f  sedim cnts.

Table 1. Thickness o f sediments in an primitive secondary basin

Type o f sediments
Thickness of primitive sediments (h|)

Diagenetic stage Catagenetic slage Metagenetic stage Remarks
I < 0.25 1 = 0 .25-0 .65 I > 0.65

Conglomerate 1.2h2p 1-4 h2gr 2 hỉgr
Sandstone 1.3 h2s 1.5 h2s 1.8 h2s
Siltstone 1.2 h2sil 1.7 hM 1.9 hta

Claystonc 1.3 h2c, 1.6 h2d 1.9 h i,
Average 1.25 h2, 1.55 ha 1.9 ha

H, = 1 .2 5 ^ + 1 .5 5  h a + 1.9 h»(13)
In this table 1.25; 1.55 and 1.9 are 

coưection coefficient o f  sedim ents in different 
slages o f  alteration,

h2gr -  is the th ickness o f  thc present 
conglom erate layer

h2s -  is the thickness o f  the present 
sandstonc layer

hĩsii -  is the thickness o f  the prescnt 
siltstone layer

h 2ci -  is the th ickness o f  the present 
claystone layer

H | -  is the prim itive sedim ent th ickness o f 
the w hole secondary basin consisting o f  all 
types o f  sedim cnts.
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2.3. D evelopinẹ the integrated /o n n u la  for  
reconstn ỉd ing  the geologic-sedimentary section 
o f  a secondaty basitì

On thc basis o f  iorm ula (5) (reconstructing 
thc gcologic section) and (13) (reconstructing 
the dim cnsion o f  a sedim cntary basin) onc can 
d e v e lo p  an  in tc g ra te d  Ib rm u la  for 
reconstructing thc prim itive geologic- 
sedim entary scction o f  a secondary basin as 
follows:

a. R econstructing the  \vidth o f  a  basitì

- D iagenetic stage (P liocene basin)

L , =1.25.11. , -  £ a „ + £ ì : , +  £ i , , ]  (14)
i-l i-l M

- C atagenetic stage (M iocene basin)
n m  Ị

L,=1.55.[L2- X ^  + Z L2, + 2>3.J 05)
im \ i= \

- M etagenetic stagc (Hocenc -  O ligocene 
and Prc-Cenozoic basin)

n m f

L,-1.9.[LÍ - X a, + £ i«  + 1 4 ,1  06)
/-1 i-1 /-I

b. R econsírucíing the  th ickness o f  sedim ents  

+  I f  the basin has undergone only  the
diagenetic stage:

H I =  1.25h2i (17)

+  If the basin  has undcrgone the catagenetic
stage:

H I =  1.55h2h (18)

+  I f  thc basin  has com pletely undcrgone the 
m etagenetic stage:

H I =  1.9h2b (19)

2.4. Reconstructing the overall sedimentary basin

The reconstruction o f  an overall 
sedim entary basin includes:

- R econstructing the basin boundaries (the 
boundary betw een the crosion and sedim ent 
deposition dom ains) (Ibrm ulas (14), (15), (16)).

- R econstructing the isopach m a p s  o f  c a c h  

secondary basin.

- R econstructing th e  w h o le  sedim entary 
basin by superim posing the prim itive secondary 
basins to reproduce thc evolutional picture.

2.5. Cotrecùtìg the apparenl dimensioìis o f  a 
secotulaìy basin into the prim itive dimetĩsions 
based on the reconstm cted sectiom  with t\\'o 
conditions:

+ To determ ine the coordinates o f  each pair 
o f  present (X I Y l)  and prim itive (X 2Y2) points

+  T o  fix thc axial line o f  the secondary 
basins.

2.6. Reconstriícíing the isopach map

This is carried  out in the íbllovving steps:

a. D eterm ining  the coordinates o f  
in te r s e c t io n  p o i n t s  b e t\ \ fe e n  S ta n d a r d  is o p a c h s  

an d  reconstructed  section  lines  

(X ,Y „  X2Y 2...XnY n) 

( X |,Y r >X 2’Y 2, ...X „ fYnf)

10

Fig. 11. Dimcnsions o f the prcscnt secondary 
basin. Fig. 12. Dimensions o f the primitive secondary basin.
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Fig. 13. Block diagram o f thc sedimentary basin before and after reconstruction.

2.7. CompiỊing litho/acies-paleogeographic map 
(see Fig. 14)

a. D eterm ining seism ic facies

b. D cterm ining lithologic and fossil 
com position

c. D eterm ining the facies based on the 
sedim ents and íbssils

d. D eterm ining íacies based on w ell logging 
data

e. D raw ing integratcd lithoíacics- 
paleogeographic scctions based on the seismic, 
lithologic, fossil and  well logging data.

' 1  E  ĩo n o r m i  ã  * •  

□
□
EE3

ơ 'K M  r* n c* * ĩtc  wtr\ 
'* •* ' rx/ jr  i k A « d a m  

A l» f r * ỉn g  V V B O . rm-rm M 'C  »-■: • *  
I k « (  e o n t a n r g  g ia u co n n »  • ' «  

C O M U I * • " »  -Ooềtó e**Y.
ctay * K « >

I . .  ị  HCCBCK S H 1 1

I » »  I S í* S r -r * «  I r a n t o v t  0«vư«rf>

[ » — »  Ị  í » n y r

f---- 1 s««vr«: wv», .ne «rei<t»

33  Wrii •'tí *» r*/Tian

Fig. 14. Lithotầcies-paleogeoíiraphic map o f Early Oligocene period o f Rong oil íìeld, Cuu Long basin.
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2.8. Drawing the litlio/acies-pưleogeographic 
map o f  a secondary basin with the follow ing  
contents

- Boundary o f  erosional dom ain

- D istribution area o f  the erosional dom ain

- D is tribu tion  a re a  o f  fac ies  an d  íac ies 

groups dem onstrating the íacial paragenesis.

- R outes o f  sed im en t tran sp o rt to  th e  sea

- O ld river channel

- O ld coast line

- Long-shore currents

Environm ental
indicators

- Tem perature, salinity

- O rganic m atter

- Source rock  facies

- R eservoir rock  facies

- Seal rock facies

physico-chem ical

a

Fig. 14. Diagrams of basin evolution (a) and horizontal íacial paragenesis on a lithofacies- paleogeographic map.

The com pilation o f  a lithoíacies-
paleogeographic m ap m ust b e  carried  out step- 
by-step  both  according to  the proceđure and 
w ith extrapolation based  on theory and 
experience and skill o f  each  research expert. 
T hereíbre, the m ethod o f  com piling this kind o f  
map has been  introduced in m anuals, and  som e 
m onographs in V ictnam  and abroad.

C onclusion

1. R econstruction o f  secondary basins is a 
basic principled  task in com pilation o f
lithoĩacies-paleogeographic m aps. T he simple 
reason is that, a the present three dim ensional

space o f  a sedim entary  basin  has been 
dim inished, deíorm ed by íaults, folds, so it is 
necessary to  reproduce the paleogeographic 
circum stances and  the prim itive sedim ent 
facies.

2. The p rocedure for reconstructing a 
secondary basin  is  developed based on the 
geophysical, geologic, depositional and 
physico-m echanical characteristics:

- Seism ic íacies

- Seism ic re ílec tion  suríaces (erosional and 
depositional in terruption suríaces)

- N orm al, reverse íaults, folds.

- D epositional cycles and sea level changes.



216 T. Nghi / VNU Ịournaỉ of Science, Earth Sciences 25 (2009) 204-216

- Thickness o f  sedim ent layers and com m on 

porosity o f  rock types (conglom erate, 
sandstone, siltstone and claystone).

- Stages o f  secondary alteration.

3. Imporlant reconstruction coefficients and 
íbrmulas:

- Shrinkage coeffícient (k): k =  1

(conglom erate, sandstone)

k =  0.8 (siltstonc)

k =  0.5 (claystone)

- Porosity (P)

p2 present porosity

P| prim itive porosity

- Form ula for rcconstruction o f  sedim ent 
thickness, letling h2 be the present thickness and 
h | be the prim itive thickncss:

h , = h ,  3 ^ 1

4. R econstructing the boundaries o f  the 
basin and the isopach map is an im portant step 
before draw ing the lithoíacies-paleogeographic

map. This reconstructing p rocedure  m ust be 
bascd on the algorithm s for correction o f  basin 
boundary coord inates, isopach  coordinates, 
thickness hj.
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