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Ekonomik amagli maden, dogalgaz, petrol sahalarinda iiretimin artmasi ve bilylik su-baraj
havzalarinda su tutulmasi ile birlikte dogal olmayan mikro deprem aktivitesinin artisi ¢esitli
bilimsel ¢aligmalarla da ortaya konulmustur. Bu ¢alismada literatiirde indiiklenmis-(uyaril-
mis-dolayli) depremler veya indiiklenmis-dolayli sismisite olarak tanimlanan depremsellige
farkli 6rnekler verilecektir. Genis 6lgekli ve giiglii madencilige bagli olarak meydana gelen
sismik etkinlikler bazen malzeme kaybi, yaralanmalar ve &liimlere neden olabilmektedir. Ba-
raj gollerinin su tutmasi sonrasi kaya i¢indeki su basinci artar ve bu kayaglarin porozitelerinde
degisime neden olur. Bu su basinci yiikleme etkisine sebep olur. Barajlarin hacim, derinlik ve
yiikleme siireleri, tabii depremlerin biiyiikliik ve frekanslari lizerinde etkili olur. Bu durum
indiiklenmis (yliklemeden dogan) sismisiteyi baslatan jeolojik sartlarin ¢dzlilmesine yardim-
c1 olabilir. Formasyonlarin fiziksel durumu ve tektonik yapisi, porozite-bosluk suyu basinci
artigi, baraj-g6l su seviyesinin diizensiz degisimi, vadinin sekli (morfolojisi) ve rezervuarin
biiyiikligii yiiklemeden dogan depremselligi baglatabilecek sartlardir.

Su havzasi depremleri, 6zellikle diisey degisim faylar1 ve dalma batma zonlarinda olur. Hav-
zalarin su tutulmasina baglanmasi sonrasi, su seviyesinin 80-90 m. yiikselmesi ile depremler
arasinda zaman icerisinde dogrusal bir iliski gdzlenmistir.

Dolayli depremsellik-sismik aktivite 3 tip kategoride siniflandirilabilir. Sismik aktivitenin de-
gismemesi; -Mikro depremler, su seviyesinin degisimi/sonugta alt tabanda titresimler siniflan-
dirtlmasi, -Mikro depremler, su seviyesindeki degisim ve yiikselme, sonradan orta biiytikliikte
depremler olabilir, ve sonugta bunu mikro depremler takip eder ve stabilizasyon olusur. Dolay-
It depremlerin genel karakteristikleri; -rezervuar ¢evresinde olusur, -s1§ depremlerdir, diisiik
odak derinliklerine sahiptirler, - kiiglik depremlerin frekanslari biiyiik depremlerden yiiksektir,
-Normal veya yanal atimli faylarin bulundugu alanda depremsellik agisindan yiiksek degisim
olur.

Bu ¢aligmada gerek diinyadan, gerekse tilkemizde goriilen konu ile ilgili baz1 6rnekler veri-
lecektir. Bunlardan bazilari; 6 Agustos 2007 tarihinde Amerika Birlesik Devletleri’nin Utah
Eyaletinde Crandall Kanyon Komiir Sahasinda meydana gelen deprem, Umman petrol saha-
sinda aktif faylarin bulundugu ve Umman’mn petrol ve dogal gaz iiretiminin yapildig1 yerde
meydana gelen mikro depremler, ilkemizde ve diinyada 6zellikle biiytik baraj rezervuarlarinda
meydana gelen dolayli depremlerdir.

Bu tiir sahalarda kurulmus bulunan sismik istasyonlarin kaydettigi veriler, petroliin ve gazin
¢ekildigi sahada petrol iiretiminin artmasina bagli olarak bolgede mikro depremlerin meydana
gelisinde dogru orantili olarak artig meydana geldigini gostermektedir. Ve bu iki olay arasinda
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cok giiclii bir korelasyon bulunmaktadir. Sismik dalgalarin analizi ve ayrigmasi rezervuar he-
terojenitelerinin tanimlanmasina olanak saglanmaktadir. Petrol ve jeotermal rezervuarlarinda
siv1 Uretimi ve enjeksiyon gozenek basincini degistirmekte, sonugta gerilim degisimi dolayl
olarak devam eden depremsellige neden olmaktadir. Bu tiir depremler rezervuarlarin daha iyi
tanimlanmasinda, gerilme rejimi, anizotropi ve sivi go¢ii hakkinda, aktif faylarin daha iyi ta-
nimlanmasi ve siniflandirilmasinda, lokal hiz modellerinin ¢ikarilmasinda ¢ok degerli bilgiler
saglamaktadir.

Bu calisma Bogazi¢i Universitesi BAP Proje No: 12280 tarafindan desteklenmektedir, ayrica
TUBITAK Bilim Insan1 Destekleme Daire Baskanligi’nin 2014 Yil1 2219-Yurt Dis1 Doktora
Sonrasi Arastirma Burs Programi kaspaminda ve Massachusetts Teknoloji Esntitiisii (MIT)
Yerylizii Kaynaklari Loboratuvart (ERL) tarafindan desteklenmistir.

Anahtar Kelimeler: indiiklenmis deprem, su basinci, mikro deprem, porozite, gozenek ba-
sinct
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ABSTRACT

The increase in production of mines, natural gas, oil fields for economic purposes and the increase of
non-natural micro-earthquake activity along with water retention in large water-dam basins is also a fact
revealed by various scientific studies. In this study, different examples will be given in the literature about
induced (excited-indirect)-earthquakes or seismicity defined as induced-indirect seismicity. -Seismic
events that take place due to large-scale and powerful mining can sometimes cause material loss, injuries
and deaths. After dam reservoir water retention, water pressure in the rock increases and the porosity of
these rocks changes. This causes water pressure loading effect. The volume, depth and loading times of
the dams affect the magnitude and frequency of natural earthquakes. This can help resolve the geological
conditions that triggered the induced seismicity. The conditions of earthquake-induced seismicity that
can be start; the physical condition and tectonic structure of the formations, porosity-void water pressure
increase, irregular change of dam-lake water level, morphology of the valley and size of the reservoir.

Water basin earthquakes especially occur in vertical change faults and subduction zones. The water
basin is beginning of the watering of the basins with the rise of water 80-90 m. A linear relationship
was observed between with earthquakes. Induced seismicity-seismic activity can be classified into three
categories. No change in seismic activity;-Micro-quakes, change of water level / classification of bottom
vibrations on the base of the dam-Micro-earthquakes, changes in water level and elevation, then there
may be medium-sized earthquakes, and ultimately it is followed by micro-earthquakes and stabilization
occurs.

General characteristics of induced earthquakes, - occurs around the reservoir, - are shallow earthqua-
kes, have shallow depth of focus - the frequencies of small earthquakes are higher than large earthqua-
kes, - There is a high variation in the seismicity of the normal or strike-slip faults areas.

In this study, some examples will be given about the subject in the world and in our country. Some of tho-
se, The earthquake that occurred in the Crandall Canyon Coal Field in Utah State of the United States
on August 6, 2007, In Oman oil fields, there are active faults and Oman's oil and natural gas production
place is occurring micro-earthquake, examples will be given from our country and the world, especially
to the induced earthquakes that occur in large dam reservoirs.

The seismic stations have been established on the oil and gas production areas and their seismic records
shows, increases the proportion of micro earthquakes in the region due to the increase of petroleum pro-
duction. And there is a very strong correlation between these two events. The analysis and decomposition
of seismic waves allows the identification of reservoir heterogeneities. Liquid production and injection
of oil and geothermal reservoirs change the pore pressure, ultimately the change of the stress causes an
induced continuum of seismicity. These types of earthquakes are important for better identification of
reservoirs, stress regime, about anisotropy and liquid migration, in the better definition and classification
of active faults provides valuable information for the uncovering of local velocity models.
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